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Foreword

Less than fifry years ago the author of a monograph on the subject
af cancer of the lang could base tus remarks on 312 authentic cases that
had up to then been reported in the medical litepature  Today —less than
a2 hienime later—312 cases of the same dnease may be found 1n Yhe course
of a single year i g single ety of the Umred Stares numbenng two
million sowls  The recorded increase of hronchogemic cancer in the span
of ane generation has beea called “the most violent phenontenon m the
bitary of cancer " Competent authonry us teemed it “a pandemic
disease 1n the United States and in the industrialzed conntnes of furope.
The statement that no nomnfeenons disease has ever increased so rapudly
» unchallenged  In the face of a health problem of such alamung pro-
partions, a text sumuunzing the esental hnowkdge concernmg the
etiology, pathology, sympromatology, cltmical course, dignosts, mamge-
ment, and contro} of lang cancer should be welcomed by physicians and
physicians-to-be  On them rests the responsibility of contaming cancer
of the Jung ay best as 1t may he contaned, and at their hands~ndeed m
chis bnak~are the facts which could make such contunment posabile.

On the other hand, the pubhcanion at ths tme of a texr on pulmonary
cancer i a brave venture, for the solume of dat2 perraming to this disease
15 1 mverse proportion to the estent of professional agreement on many,
mcluding the most unportant, of 1es aspeets To hegm wath, there is a
duerence of aprton as to whether lung cancee o actually on the e
The oppanents of the evidence cite unproved diagnoss and the aging
populatian as adequate reasons for the apparent ancrease  Yet when
adjustiment 15 mide for the factor of estended longearty, lung cancer 15
found to hase increased by a degree far exceeding that recorded for any
of the ather saneties af cancer, m spite of the fact thac the techmques
for diagnoung it fiave not improsed as much as kave thoese for some other
amatutmeal tvpes Moremer, ane-standardized rates show an increase of
death rate fram cancer w general, exclusine of the fung, amounting 1o
2 per cont 1 the past rwenty vears, while dunng the same perionl, death
cates from cancer of the hing have msen by over 260 per cent

Terhaps no other disease can claim so mam serjously proposed and
well-supporred enolome vectors. Half 2 dozen aecupatiamal hazards,
atmasphene pollutants, smokmg and pl chromie ], )

.
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coqzint;ons have varying degrees and kinds of supporting evidence as
nciters of cancer of the lung. But recognition of them 1 capricious and
mconsistent. - For example, mdustral contact with certan chromium
compounds 1s generally regarded as hazardous, The evidence is wholly
epidenmiolagic - persons thus employed get lung cancer more frequently
than those n other occupations. Although Jung cancer has never been
produced espermmentally n any hving organism by any chromium com-
pound, the statrstical evidence convinces c\'ﬁryonc," On staristical grounds,
the evidence iscruminating cigarctre smoking as being associated with
lung cancer 15 even weightier than that for chromum  In addition there
1s laboratory evedence of a carcmog effect of densed cigarette
smohe~as measured by the mouse’s sk, Bur, in this insrance, the ev-
dence 15 rejected by many—because “statistics don’t prove anythng,” or
because “a mouse 15 not a man,” although 1t is \\’J'Tdely conceded that the
problems of expenimental caremogenesis are cvt‘rtmc}y complex; what
will cause cancer n one organ of ane spectes may not do so 1n the same
organ of a different species, or m a different organ of the same species
All of which has led to the observation that if the degree of association
now shown to cust berwcen wgarete smoking and Jung cancer were to
bie demonstrated for a relationship between crossing the Brooklyn Bridge
and faral accrdent, the bridge would be closed to traffic without demur.
There 15 a serious division of views concerning the value of eatly
dagnosss. One school holds that lung cancers found in patients who have
not vet developed symptoms are Consstently resectable 1n a greater per-
centage of cases {and, by all thac 15 reasonable, are more curable) than
they are m panents who have begun to cough and wheeze, who have
hemapty 15, or w ho suffer from the infectious sequels of tong tumor. The
other view mantans that the tustelogic nature of the neoplasm is the
only determmant of curabiity, regardless—or almost regardless—of w hen
1t 1s discovered
A corollary of this argument is that concerning the usefulness of efforts
to find lung’canccr in presumably well persons: cass-find}‘ng, or screen-
ng, by mass chest a-rays. Agan the schism+ on one side, those wha
sav 1t Is not worth the expense and the effort; on the other, thase who,
ad’mimng its shortcomngs, say 1t is the best weapon a3 ailable, so why
not use 17 Perhaps the only points on w hich all are agreed 15 thar cancer
of the Jung 15 undestrable and that surgery offers the only imvt' of cure.
There are several souad reasons why 4] best
ment m the hands of doctors comnnitted .
1s the aforementioned prevalence of
wself sufficiently persuasive of attention «
lem of truly nlarmm:.( p monsin the
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polacion of the present rate of rise ndrcates that lung cancer w il soon
become a major concern of every family doctor,

Second, 1t now appears hiely that current investiganons of sertun
afleged enologic agents to which large nuathers of the population are
exposed, will ‘establish their sigmficance beyond cavsh, and at that point
the practitimer, n his traditional role as health counselor o hus patients,
may be prosided with an nstrument of preventive medicme of remark-
ablc effectiveness  Iyea now, most of the physicians and scientists re-
cently queried as o the adiice they would give heavy aigarctte smmhers,
are sufficiently smpressed by the evidence 1o recommend reducing the
amount of smohing or quuting altogether.

Thied, asunung that lung cancer m the presy mptonntic, or sitent,
phases 1s more curabile than i€ 1s once sy mptons hay ¢ appeared~an asamp-
won pustified by dita now coming to hand—the famaly doctor faces the
duty of locking for it among fus patteats, including not only those who
come to huy far a “rovtne chech-up.” bue, qust 3s important, thse who
come to be treated for colds, backache, hernia, prostatism and what not,
This concern to safeguard health by sezhing our earhy dnene w wor
sceepted by all physwans, Vet n the lighe of the changrag pattera of
slines—prinunly the dwndling mmportance of mfectrons, and the emer-
gence of the so-called degeneratne diseases as the magor medical problems
of our time—the doctor can no longer serve his greatest wefulness by
waiting for the bell to ning, 1 che prablems of an agiag papelation are
o be et (and they will be met by the government of the profesion will
not meet them), the doctor s going to ke o do some bell ningng -
self, and it will not he embarrasing to do so, for pubhe health propaganda
frenn all tomers, from official voluntiny, and professioml organizaaans,
are prepaning the way

1ourth, there can be no gunsaving the practitioner’s responsibihiny o
expadite the diagnows of the panent with an abmermal chese roentgenn.
gram of with complunts referable to the lung  Here, of anvwhere, he
shoukl be ar home—-mn differential dagnoss Yet the fact, amply sup.
ported by the fate of those found 1o be “tumor stpeens” foltow mg mass
chest sumveys, is that the famidy doctor g0 whom the problem s referred,
often—ton often—hesitates i pustang s pavrenc cirough to defintne
diagnoss - One of che maore important assions of this solume 1s o make
it cdear tha “gond health’ 1 conntent with x-ray enidence suggesting

pulmonar cancer Another aspect 1 presented by the panent wih
swaiproms the ubiquitous cough, chreme broachits, smusitss, too much
smaking, emphysema, atclectawns, vsrus pncumonn—hos shall they be
werghed® The lowon bere s thas no ready ol ious explination is justified
untit cancer of the lung n exeduded  Inview of the feequency of eancer,
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not even the presence of tubercle bacilli may be accepted any longer as
total evidence of a diagnosis,

Fifth, as the thresholds of operability are lowered, and as more operable
patients are referred to surgeons, more postoperative problems arc being
recurned to the family doctor. More and more, his is the task of supervis-
ing the patient’s course following discharge from the hospital, with all
the physical, psychic and social sequels invols ed; and they are all involsed,
regardless of what was accomplished 1 the operating room.

Finally, there usually falls to the famuly doctor the most evacting
demand of all—that of accompanying to the end the patient who cannot
be saved. Frustraung® By some standards, yes. Unrewarding> No,
For just as obliganng as the doctor’s covenant to save life when he can,
1s his opportunity to help kecp whateser of life remains bearable and
acceptable—not only by miagating bodily pain bue, of greater concern
to panent and fanuly, by mamntaining integration of personality, and
when this becomes a losing bactle, by making judicions concessions.
Never do the ethics of medical practice permit the doctor to say to the
pauent, “There » nothing more I can do.” He may, if in hus judgment
1t 15 best, tell his patient he cannot gee well, bue not that he is without
some resource.  Most patients with hopeless cancer intuitis cly realize theit
phight. Usually they can adjust to the fatal prospect, but they cannor
face abandonment  The sensitive comments on the doctor's relanons to
the panent facing death, which are part of this text, can do much to
sustain the pauent (and the doctor as well}, 1 doing so, they go far
abating the nuisance of quachery, for much of the quack’s practice con-
sists of abandoned patients

Thus compilation of authoriative statements on a health problem t')f
growing oppressiveness comes non¢ too soon  As a summary of what is
known that 1s of chnical usefulness, it deserves the atrention of all doctors

n general practice and those about to be.
Ciarces § Canieroy



e
e

A Phenomeng NCrease 1 the Reidence of pulmomq €arcinomy pyq

been reported frop, Ny pars of the worlg during ¢, Past fey decades,

AN cncer of the lung, Pressousyy COnsidereq be o rchm:[v

Uncomnygn Vpe of Peoplasm, 1s noy tOpic of m, 97 chinica] IMportance

he PICparaton o this yolume way Prompeed by the belief ghyge there

" need for Presentation g Lancer of he Iung hich eAcompagseq
Tapy-

Inviey of the Increayng "cidence gof certan gy, of lung Cancer,
2 dinciryon of possible Chologic factory Presented by COntribygor
el ngaged such m\csng:nuns Aho the Vario

femy 4 Dfferenyy dragnon, and MiNagemene The ey,
Variou, diagnos, Procedures . ummnghl_\ Malyreq by €ontnbugery
Who haye had e <hinca) \perience 4y dmhng with pulmnmry fco-
i
role ¢ Surgical therapy 4 pulnmmr, CActony 4 Presenteq and
Ml sed th 2 detatleg Omideratyon of factors mﬂncnung the
ndication, and resylyg, Thone

Our Objectn o LI 0 progyc,
Written )y chancyan, and P iatingg pog, 2 for the g
Hews ang “Pnion, tleaney from ap xtengy ¢ chniey,



EDITORS' PREFACE
f to the P

mmend srsell

ractitioner of medicine
reasingly

X
gainst this !

o2l was 3 pook that ¥ 1l co!
who s in need of gmdance in his constant fight &
evatent disease:
Epaar MAYER
Heroert C MAER

pr



Contributors

Ciiarres S Castrron, LD,
Vice Prestdent and Medieal and Scientific Director, Amencan Can-
cer Society
Prestdent, Commission on Cancer Conerol of International Union
Agamst Cancer

Exterson Do, MD.
Professor of Prevennive Medicine, Slom-Kettering Diviston, Cor-
ncll Unnersity Medical College
Director, Strang Cancer Prevention Clinie
Auending Physicran, Department of Prevenuve Medicine, Me-
mornal Center for Cancer and Allied Discases

I Covirr Hasivionn, $.D.
Professor of Bometry, Graduate School, Yale Unnersucy
Darcctor, Stamstical Research Scction, Medical and Sciennfic De-
prrement, Amencan Cancer Soaicty

Davio A Rawrsorsky, MD
Assncwate Professor of Medieme, Cornell Uninersity Medical
College
\soctate \ttending Phvsician, Memorul Center for Cancer and
Allied Diseases. and  \socute, Slom-Ketrering Insuiture for
Cancer Research

Jous Labus, MD
\wocuate Arending Physican, Memornal Center for Cancer and

Allied Diseases
Assstint Artending Physictan, New York Hovpral
\sitant Professor of Chincal Medicine, Cumc{l Unneruty Medi-
cal College .

ARt A Lusow, \MLD,
Profesor of Pathology, Yale Unnery School of Mediene
Pathologist-in-Chief. Grace-New Haven Commuoniey Hospreal,
Unneraty Senvice
Consultant Pathologsst to Armed Forees Institute of Pathology
ai



X EDITORS’ PREFACE

goal was a book that will commend itself to the practitioner of medicine
who 18 in need of guidance m his constant fight againse this increasingly
prevalent disease.
Epcar Maver
Hexsert C. Marr



Contributors

Ciarces S, Canteron, M D
Vice President and Medical and Scientific Director, American Can-
cer Society
President, Commussion on Cancer Control of International Unton
Aganst Cancer

LCatersov Day, MD.
Professor of Prevenuse Medicine, Sloan-Kettermg Division, Cor-
nell Unisersiey Medical College
Dircctor, Strang Cancer Prevention Clime
Attending Physicun, Department of Preventive Medicine, Me-
morial Center for Cancer and Allied Diseases

E Cuyvirr Hasivonn, Se.D.
Professor of Biometry, Graduate School, Yale Unuersity
Dircctor, Staustical Research Section, Medical and Scientific De-
partment, American Cancer Society

Davip A Karsorsky, M D,
Assocnte Professor of Medicine, Cornell Unnversity Medical
College
Assoctate Attending Physican, Memonal Center for Cancer and
Allied Discases, and Assocute, Sloan-Kettering Insntute for
Cancer Rescarch

Jotn LaDue, MID
Assoctate Artending Phyvacun, Memorul Center for Cancer and
Alled Diseases
Assistant Attending Physician, New York Hospital
Assistane Professor of Chimeal Medicine, Cornell Unnersiey Meds-
cal College )

Aviritn .\ Lanow, \MLD.
Profesor of Pathology, Yale University School of Medicine
Pathologsst-in-Cluef, Grace-New Haven Commumey Hospieal,
‘.'"I\ KNK'\' Service
Consultant Pathologist to Armed Forces Insurute of Pathology
x



X EDITORS’ PREFACE

goal was a book that wall commend stself to the practitioner of medicine
whe 15 11 need of gwdance in his constant fight against this increasingly
prevalent disease.
EpGar Maver
Hergert C. Mar



Contributors

Crarees S, Cantrrox, M D,
Vice President and Medteal and Scientific Dircctor, Amencan Can-
cer Socicty
Prestdent, Commisston on Cancer Control of International Union
Agamsr Concer

Fatrrson Dav, M.D.
Professor of Preventive Medicine, Stoan-Kertermg Division, Cor-
nell Unnyessity Medreal College
Director, Strang Cancer Presentton Clinic
Attending Physician, Department of Preventne Medieme, Me-
mortal Center for Cancer and Allied Diseases

E. Cuyirr Havimonp, Sc.D.
Professor of Bometry, Graduate School, Yale University
Director, Statistical Research Seetion, Medical and Scientific De-
parement, American Cancer Soaicey

D A Kaxvorsky, MD,
Assocute Professor of Medicine, Cornell University Medical
College
Assocate Attending Physteran, Memorial Center for Cancer and
Alhed Diseases, and Assocuate, Stoan-Kertering Institute for
Cancer Research

Jous LabDee, M D,
Associate Ateending Physician, Memoriat Center for Cancer and
Athed Driscases
Assistane Aetending Physieran, New York Hospreal
Asststant Professor of Chnteal Medicine, Cornell Unn ersity Med:-
cal College ’

Averne AL Luesow, MD,
Professor of Pathology, Yale Unn ersity Schoal of Medicine
Pathologist-n-Chiel, Grace-New Haven Community Hespreal,
Univeruty Service )
Consultant Pathologsst to Armed Forces Insticute of Pathology
x



xi CONTRIBUTORS

WiLLarp Macuie, M D.
Associate Clintcal Professor of Industrial Medicine, New York
University Post-Graduate Medical School
Associate Attending Physician in Industrial Medicine, University
Hospital

Herpert C. Marigr, ALD., M S, Men Sc.D.
Director of Surgery, Lenox Hill Hospital
Visiting Surgeon, Bellevue Hospital
Associate Attending Surgeon, Presbyterian Hospital
Assistane Chnical Professor of Surgery, College of Physicians and
Surgeons, Columbia University

Evcar Maver, M.D.
Clinical Professor of Industrial Medicine, New York University
Post-Graduate Medical School
Visiting Physician, University Hospital

Jaates J Nickson, M.D.
Attending Radotherapist, Memorial Center for Cancer and Alled
Diseases
Professor of Radiclogy, Cornell Unnversity Medical College
Member, Sloan-Kettering Institute for Cancer Research

WWarter E. O'DovNeLL, M D.
Asssstant Director, Strang Cancer Prevention Clinic K »
Research Associate m Prevenuve Aedicine, Sloan-Kettering Divi-
sion, Cornell Unversity Medical College

Georce N. Paranicoraou, M.D. 3
Emeritus Professor of Climeal Anatorny, Cornell University
Medical College

IsraeL Rappaport, M D, .
Assistant Clinical Professor of Medicine, College of Physicians and
Surgeons, Columbra University
Visiting Physician, Bellevue Hospital

CorneLius P, Ruoans, M.D, ScD,
Scientific Director, Memorial Center for Caneer and Alhied
Diseases
Durector, Sloan-Kettering Institute for Cancer Research .
Professor of Pathology, Sloan-Kettering Division, Cornell Univer-
sicy Medical College



CONTRIBUTORS xiit

Braxaro Roswrr, M.D.

Chief of the Radiotherapy Service, Veterans Admrnistration
Hospital, Bronx

Former Director of the Radwisotope Service, Veterans Adminis-
tration HmPim), Bronx

Assistant Climcal Professor of Radiology (Radunon Therapy),
New York University-Belevue Medical Center

Assoctate Visiung Radiologit (Therapy), Third Division,
Bellevue Hosputal

RoBERT 5, Siervav, M.D.
Associate Professor of Clinical Raduology, Cornell University Med-
ical College
Attending Roentgenologist, Memoral Center for Cancer and Al-
lied Diseases

WiLetar E. Svorrn, ALD.
Assocurte Professor of Industrial Medicine, New York Unn ersity
Post-Graduate Medreal School

Artuur M. Suturreany, AMLD.
Assoctate Attending Physician (Psychuatry), Memorial Center for
Cancer and Allied Diseases
Assistane Professor of Chinteal Medieme, Cornell Unnversity Medi-
cal College
Asswtant Attendig Phy sicn, New York Hospiral






Contents

Page
Foreword v
Charles S. Canteron

Editors' Preface I
Edgar Mayer and Herbert C. Maier
Chapter
1 Moadern Concepts of Cancer Rescarch 3

Cornelius P. Rbhoads

2 The Biology of Cancer with Speenl Reference to
Cancer of the Lung. Faperimental Studies 12
William E. Smith

3 Environmental and Occupational Factors 1 the De-

velopment of Lung Cancer +
E. Cuyler Hummond and Willard Machle

+ Pathologic Aspects 62
Averill A. Liebow

5 Chinrcal Aspects 150
Edgar Mayer, Isracl Rappaport, and Jobun LaDue

6 Roentgen Diagnosts of Lung Cancer 180
Robert §. Sherman

7 Bronchoscopte Examination 219
Herbert C. Maier

8 Eafolative Cytology in Daagnosss of Lung Cancer 228
George N. Papameolaon and Averill A, Lichow

9 The Search for the Early Case 245

Walter E. O’Donnell and Emerson Day

x¥



avi

CONTENTS

Chapter Page

10

11

12

15

16

20

Appendrs  Atlas of Case Presentauons: Picfalls in Diag-

The Differential Diagnostic Aspects 256
Edgar Mayer and Isracl Rappaport

Funcuonal Aspects of Pulmonary Discase as Apphied
to the Management of Cancer of’ the Lungs 278
Israel Rappaport and Herbert C, Maier

Surgical Treatment 298
Herbert C. Majer

Radiotherapy i Lung Cancer 343
Jamies J. Nickson and Bernard Roswit

Radioisotope Therapy i Lung Cancer 367
Bernard Roswit

Chemotherapy of Lung Cancer 384
David A, Karnofsky
Medrcal Management of the Surgically Incurable

Patient 398

Edgar Mayer and Jobn LaDue
Sccondary Cancers of the Lung 407
Beryard Roswit and Jobn LaDue

The Psychological Aspects of Cancer of the Lung 429
’ Arthur M. Sutherland

Berugn Tumors of the Lung, Benign and Malignant

Tumors of the Trachea; Tumors of the Pleura
Herbert C. Maier

458
Cornelius P. Rhoads

+6
The Qutlook for Cancer

nosis and Lessons Learned in Retrospect 465

Edgar Mayer, Israel Rappaport
and Herbert C. Maier
523

Index



Pulmonary Carcinoma







Modern Concepts of
Cancer Research

Corxrrvs P. Ruosns

The search for contral and the eventual presention of the neoplastic
process has undergone an mteresong series of developmental steps. Ie
biegan with the considerauon of cancer as the expression of some ommip-
vtent foree of supermatural angn, moved wnta the deseaptive phase with
the derelopment of pathologic anatomy, and then stifted in an effort tor
£all s hine wich the newly discovered bactenal etrology of disease Later,
16 maved bacl mto the mysterous force stage, with cancer regarded o5 a
dutarted expression of the growth process. Now the ehinhing has come
all the way back o the early convderanon of the neoplastic cell as an
mfecting tmcroorganism, s ith 1S 0TI 10 @ SOMATIC MUERTION a7 2 perma-
nenddy aequired characternuc, and with cure to be sought by s contro)
or destructton  Indeed, modern thought has now erystathized an 2 con-
cept of cancer as a useful expression of Darwimsm—~the suriival of the
fietest mutation—reduced t a cywologie fasts Under tius concept the
competence of the orgtmsm and the environmrent m which e finds atself
achitre expression in the whase or ann-ms e gronth of the mutant
form

The carber condesations of cancer, from Hippaceates through Galen
to Paracehus, solely converned the passibiliny of a humoral ongin 5t
W entertarmag to alnerse that the clain of Galen that cancer w as due to
2 concentration of blich bile, may mn the nesr futere be eypresed by the
defiiuon i Inle of constituents so madificd as 1o be cancer-producny
In the same way. the anciens feehng that cancer was due 1o nuneral sales s
the blood mav cwrn out 1o hve some factual basis n our knowledge of
trace metaly 2 required for 3 vanen of hinctie reactions

Further adiances came with recognition of the local ongin of cancer,
with the concept of 2 speaific vtrus presumed to mahe normal celh neo-
plastic, and with the 1dea of cachewa as a systemae manfestation of the
ncaplistic process—obsenattons as pertinent today as they were in 1735,

3
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Even the notion of John Hunter that cancer was due to coagulated Iymph
15 borne our ta some extent by Seewart and Treves’ recent description
of sarcoma developing in the lymphedematous arm following radical
mastectomy  Truly there 15 nothing new.

The classte study of Johannes Muller firmly established the cytologic
basts of cancer—and something more, 1ts origin tn abnormal cells, regarded
as germ cells, scartered among the normal tissue clements. Recognition
oi cancer as an abnormal cellular growth was amphfied and extended by
the classic work of Virchow. By an interesting comncidence, this came
with the recognition of other cells, bacteria desctibed by Pasteur in 1864
as causing spotlage of v ine and later proved to cause disease in man. The
mmpact of this discovery can scarcely be estimated in modern umes It
was the first real hnow ledge of the cause of formerly mysterious biologi-
cal events, called disease, and as such 1t threw into obscunty every discase
process but those of an infectious nature  Hence it is wholly understand-
able that such cancer research as was done attempted to define, in the
growth, some hind of mfecting microorganism capable of giving rise to
the charactenistic aggregation of cytologic unis which compose the
neoplasm

It 15 interestng that Ehrlich was the one person of these early days
who recognized the cancer cell as the infecung microorgansm stself,
arsing from normal cells by some sort of irreversible change He thcrf~
fore began fus work on cancer about 1900, 1n the belief that the cytologic
theory of specific chemeal fixanon to specific cell constievents, which
he had applied to the destruction of parasitic invading microorganisms
derned from the outside environment, mighr apply as well to the control
or destruction of the cancer ccll X

It 15 astomishing to recognize, fifty years later, in the athreptic theory
of immunity defined by Ehrlich, the belief that the immune body choked
off the nutrition of the antigemc cell~the antimetabolite prmctpl'c pres-
ently applicable to the control of transplantable tumors 1n experimental
animals

Fhrlich made even more basic observations pertinent to the cancer
problem Impressed with the carly experiments on tumor transplanta-
tion, he undertook a sertes of experiments that duplicate those of 2 num-
The increase of growth capacity on

ber of present-day laboratortes, A the

persistent transpl. 10n, the ton with at tumor,

morphologic change v ith d passages, and the effect of the tr::;—
{l

plantatron on the tissues of the host, are sull the subjects of nvestiga
It 15 only unfortunate thar the emphasis on the chemotherapy of -
fections diseases drverted Ehelich's attention from his manifest plans t0
seeh chemical control of cancer.

In 1911 came the next step, the publication by Rous of the fact that
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cefl-free filtrates of a spontaneous niahgnant ncoplasm of fouls would
snduce sinlar growths m normul bueds. This observation was sapidiy
confirmed and extended to other fow! tumors It Jed, furthermore, to
a long series of studics in a pumber of laboratories chat have established
unequirocally the role of cell constitents sn eancer mducoon It is
apparent from these studies that certain neoplasms can be wnduced by the

i} of cytologie frag of Jess than cellular size derned
{rom spuntancous [WmMors, sometimes by therr mheritance, and occasion-
ally~as in the case of fou! leucosts and the Shope papifloma~by cun-
tagion

Noteworthy as these experiments are, and campaubic as they are with
the mfectious nature of disease, the fact should not be forgotten that the
vast magunry of neoplasms has nor been demanstrated ta be transmsssible
by filtrates, pasticularly m mammals  Furthermore, charactersstic new
growths can be mduced by a vanety of physical and chenucal means,
clearhy capable of causing changes (mutattons) in somine cefls which
«n be propagated md Ty by pl g intact €y tologic umts,
but nor any cell-free materals

The effort to force the cancer problem e the framework of in-
fectious disease by defimng an infectious cause of the cancer eell, effec-
uvely bloched another concept of the neoplastic process. This concept
15 one winch would jwstify a search for cancer control In those methads
whith have been so effectine 1n the control of infecting mucroorganms.
The dream that 3 vires could be found which then could be cultvaced,
attenvated, and employ ed as an unmunizing vacane e induce 2 perna-
nent untumty o all forms of cancer, wis an attractne one andeed
Howeser, w was hughly incompanble vath rhe evpermental olserva-
tiom I dight of the present hnow ledge, @ waunld be nusnfesthy extranr-
iy to find a single vivws that cansed such 2 wede 1anety of apatanucal
whanges  Frery effore to unmunize by whole or excracted smstran
wmors against spontancaus diease has fafed.  The most assiduous and
protracted efforts ¢ demonstrate sctine filtrates for human cancer hive
been frmtless. Thiy does not in any semse dean thae the neoplastic
process may he transfesred from cell to celt by nunure ¢ tologee units.
B smphy ndicates the conviction that concentranion on this channed for
cancer control, in the hands of the most expenenced and determned in-
sestigators, has regularde encountered such apparently msunmountable
walls that 3 new appraach 1s justified ’

The repeated and tantalizing farlure to demonstrate an etologic micen-
organsm 35 the cause of cancer was in sharp conrrae o the r‘vq\xl,\r. T
refutable abiln to produce cancer cell fram eammal ancs b n{\;\k\\mg
nonting agents  This led to the concept of cancer as a penerson of o
growth process, and the search for ity control in chose factors which b
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that function, Furthermore, as with the virus theory, there was Just
enough foundaton for this concept to justify the effort. There 15 strong
evidence ar hand that many ty pes of cancer are not entirely autonomous,
at least for a considerable period. Rather, for a time they are distinctly
dependent on those factors of 2 hormonal nature which favor or suppress
the growth of therr normal prototypes.  Studies from many laboratones
on cancer of the breast, prostate, and thyroid of man amply establish
this fact  Nevertheless the fact remains that in the 58 years dunng which
cancer cure has been sought in the factors controlling normal growth,
not a single pattent or animal with cancer has been cured by those means.
Indeed, an extremely interesting dichotomy of thinking has developed
among those nterested in cancer control and committed to its improve-
ment. Today, as a century ago, the only means for the cure of cancer
s 1 the mechamical (surgical or radiologic) elimination of a localized
mdus of cancer cells  As a consequence, much of the thinking and plan-
ning for control of disserinated cancer (w hich accounts for 75 per cent
of all the patients) has been done by masters of mechanical extirpation
or of morphologv  This 15 the case despite the fairly obvious fact that,
due to that very mastery, the comp e to seek—and find hani-
cal means 1s effectively ehmunated. Hence, the derision offered those
ndividuals so nusguided as to seck control of dissemmated cancer by
the chemical pninciples that have brought the death rate from infectious
disease to the vaastung powne
In contrast to the masters of mechanical cancer cure is the great school
which holds that better control of cancer can only come by broadening
the sctvity in the departments of natural sciences The justificaton
for thus belief 15 found m the conviction that cancer is some kind of a
nddle, or mystery, which must be enurely unraveled before any hope
for better cure or prevention can be entertained According to this prin-
uplc, there 1s financed, under the term of cancer research, pracnc.all,\'
every type of activity in the natural sciences  Heavy support goes nto
physics, since physical tools—x-rays and radium-have a demonstrable
uscfulness 1n curing a mited number of forms of localized cancer, and
in restrainng certain forms of advanced discase. Prodigtous aid is given
to basic brology, particularly animal genenics, in the expectanon that ducz
derived from pure lines of ansmals will be applicable to jmpure lines of
human bemngs. Growth in almost every aspect—and there are many—is
mvestigared mtensively, from viruses to bactera, through carthw orims t0
the horns of sheep and deer Not only are the forms and details of
growth scruninized with every penetraumg tool of modem science, but
its funceions in physical and chemical terms are also examined. Just
about every aspect of brochemustry and endocrinology is under the most
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ntense study, with particular reference to those areas which are con-
cerned with the growth and reproduction of hving systems.  And this
15 all good, since know ledge 15 breing amassed to an extent and degree that
would be quite impossible were 1t not for the public determination to
leas e unturned no stone that could conceal a methed for cancer control

It 1s umportant, howeter, to be certan that 1 this floed of new nfor-
mation, the conceptual key to cancer control 1s not obscured or lost
sight of altogether  And careful scrutiny suggests that such a disastrous
contingency 1s not enarely impossible.

Those working for cancer control fall mto two groups The first
mcludes the mechantcal and morphologic nwasters of cancer control as it
cxists today  Their techniques apply only to localized disease, and this
accounts for only 25 per cent of all the cancer pauents now coming un-
der care or likely to do so in the foreseeable future,

The second group mcludes those masters of the natural sciences who
draw support from cancer funds and study various aspects of growth as
whole with the greatest shall, but study them enurely a» techmques that
are ends in themselves  These highly qualified scienusts work as biolo-
gists, of iachenusts, or orgamc chenusts, or phy sicists, attracting and
educating graduate students, and making fine, precise, and basic scientific
contributions  They are techaical experts in methodology , mplicit to
cancer control  These techniques are well-established and sansfactory
lifetime purswirs as ends i themselies  The great problem, however, 1
how to use them to make an end to cancer

There are, then, those who know cancer in man a5 1t custs, and make
its fimited control possible  There are, on the other hand, those wha
study disciphines 1n which specific directions are needed to make an end to
cancer  Between the ewo groups there yawns a great chasm of mutual
msunderstanding.  If 1t 15 not bndged, and soon, those rcspomxl»lc for
cancer progress. and expending prodigious funds to astam i, Will be
Temss to themselves, to the public, and to postenty

However, 1t 15 possible 1o draw from the present mformation a per-
fectly ravonal concepe for the adsance toward cancer control.  Not
only 1s such a concepr feauble and documentable, bue hmted expen-
mentanon based upon 1¢ has slready yrelded important adsances

The first step m the modern concepr 15 the decision to approach the
solution of the cancer problent directly, to sech the cure of cancer in
min, and eventually to define its cause and to ehminate it complerely
This s 2 particularly difficule step, since 1t demes the vast wesghe of
precedent embodied 1n the “mystery concept” of the dicease, the belief
that nothing 1n the future can be done better than 115 being done today.
Remarkably enough, a substanual weight of opmion inclines toward this
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pomnt of view, despite every evidence that it has never, in all history,,
been correct.

To approach our first goal, the cure of disseminated cancer, the second
step Is to gain some evidence that cancer 1s 2 curable disease  This is at
hand n the fact that cancer is curable roday, and has been for more than
fifty years, of 1t is enturely removed by mechanical means. Clearly, then,
rather than pursmng some devious consideration of a mystery, it would
be well to consider haw to remove cvery cell of disseminated cancer by
other means, since the mechanical approach s abviously evcluded.

The third step 1s to define some prmeiple which will permit the selective
removal of one group of widely dissermnated cells, in this case cancer,
wrthout the concurrent remotal of any other cell type essenuial for hfe,
OF course, this principle has already been at hand since 1911 when sal-
varsan proved itself It has been so amply confirmed for so many types
of mfectious maders that disease due to them has virrually disappeared.

The fourth step 15 the recogmtion of the principle of selectise cel
destruction as 1t apphes to cancer cells. This step is a difficult one. Itis
easy ta recogmze a bacterium, 1 malarial parasite, or a trypanosome as
a foretgn mvader whose destruction must be sought if cure is to be
achieved  For some resson 1 15 very difficult for the investigator to
regard the cancer cell n this hght. This difficulty is hard to under-
stand today, smee now we can make the cancer cells of man do essen-
tially every stunt possible to bacteria. We can obserye them in the Jesion
regularly  We can cultinate them m profusion in glass, in the embryo-
nated fowl egg, and in the expermental animal. They grow as well as
m the ongmal hosts—indecd, m many istances better,  They retain not
only therr ongmal morphologic charactetistics, but also their human
chr and protein comp They can be transplanted back
mto their ongmal hosts with exact duplimrion of the ongm.;l cytologic
characteristies.  And finally, in the human body they appear to scquire
resistance to, and even dependence on, chemicals winch mjure or even
destroy their progenitors and siblings, If there is any competence pos-
sible to the bacterntm that cannat be duplicated today by cultured human
cancer cells, 1t is not one hnown to this writer.

There scems then to be no reason why the bacterium, by convennonal
and accepted critersa, should not be regarded as analogous to rh:. cancer
cell  Nevertheless, the skeptic will continue to advance the classic arge-
ment 1n opposition, that the bacterium comes from the external environ-
ment while the cancer cell 1s found m the normal umts of the human
seructure 1sclf, and so must be msusceptible to selective dcsfmﬂw"
Even this argument can now be countered. The demonstration that

phage can be made manifest in bacteria otherwise seemingly devoid ?f
these mmts, that viruses are carned for years if not for generations i
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fudden and silent form, that avirulent normal bemgn bacterial inhabirants
of the nasopharynx can be comverted to virulent imaders, all indicate
the 2mazing mutabihity of biological umits  The acquisition of reststance
by bacteria renders such forms as mahignant in relation to their nonre-
sistant relatves 1 2 switable ensironment as cancer cells are 1 companson
to normal cells of the mammal. Every bit of evidence from modem
microbiology mdicates that a smgle genene change in 4 strain of bactena,
dernved from a single ongnal cell, can mnduce a new stran 2s different
from the ongmal in susceptiblity to destruction, as any bactenum sus-
ceptible to pemcillin differs from the cells of the host which 1t mvades.
And no evidence custs that the cancer cell 1s any less sensitiv ¢ to selectne
1oury than its bacternl analogue.

The next, and fifth, step, howesver, 15 to prove that the theoretical
consideration 1 correct, that the cancer cell can be destroy ed by chemicals
which are innocutous to notmal cells growing at the same rase Thus has
now been done  Biesele (1) s grown normal and neoplastic cells of
simlar ongin from experimental ammals, at the same rate, as judged
by motie connts, and side by side 1n the same roller tube culture. The
addition to the culture of certam modified precursars of nuclerc acd
has resulted in destruction of the neoplastic umits by concentrations which
are without cffect on their normal relatnes  Turthermore, this 1s not
confined to m vitro expenments  Stock and his co-warkers (2) have
shown conclusnely that certain transplantable neoplasms of muce and
rats can be regulacly and completely destroyed by chenncals, alone or
w combination, which exert hittle or no effect upon the host

In short, the cure of transplantable cancer m exy ! anmualy
W chemicals o5 @ fact today, not a nebulous chumera to be sought only
by the cecentne and the quack .

The sixth step s perhaps mare important It s the discorery of some
rational procedure by which the more sclectne destruction of cancer as
compared to normal cells can be approzched by chemical means.  Such
a rationale 55 now at hand Tt s called the “heterogeneity of nucleic acid
metabalsm ™ This sumply means that the hereditary matenal of the cell,
the nucleic acid. 15 10 dynamue equilibrium, that preformed, complex
precursors as well as simple molecules are employed 1 this dynanic
proces, and, most important, that the composition, and so the dynamc
requirements of each ty pe of cell, differs from any other  This has now
been amply established by Bendich, Russell, and Brown (3) Tt 15 con-
firmed by the obsenvations of Chargaff (4), G L Brown and Watson (5),
Cavalien (6), and G B, Brown (7), all ndicating the heterogeneny of
compostrron as well as of metabolsm of nuclete 2ad :

The nexe pame, the sesenth in the sequence. 15 to pros ¢ that this specific
heterogeneity can serve as a baas for the use of the antumetabolite prin-
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pomt of view, despite every evidence that it has never, in all histery,
been correct.
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Gifty vears, if 1t 1s entirely remaved by mechanical means,  Clearly, then,

rather than pursng some devious cansideration of a mystery, jt would

be well to cansider how to remove erery celt of disseminated cancer by
ather mearns, since the mechanical approach is obviously excluded.

The third step 15 to define some principle which will permit the selective
removal of one group of widely disseminated cells, in this case cancer,
without the concurrent removal of any other cell type essential for life.
Of course, th principle has already been at hand since 1911 when sal-
rarsan proved iself It has been so amply confirmed for so many types
of infectious invaders that disease due to them has virtually disappeared.

The fourth step 1s the recogmtion of the principle of selective cell
destruction as it applies (o cancer cells. This step is 2 difficult one. Iris
€asy 10 rccognizc a bacreriam, a malaril PHNS\(C, or a8 tr)‘pnnosome as
a foreign imader whose destruction must be sought if core is 1o be
achieved.  For some resson it 15 very difficult for the investigator to
regard the cancer cell jn this Night, This difficuley is hard to under-
stand today, since now we can make the cancer cells of mn do essen-
tallv every stunt passible to bacteria, YWe can observe them in the lesion
regularly  We can culuvate them in profusion in glass, in the embryo-
nated fowl egg, and n the experimental aninial. They grow a5 el as
m the ongmal host—indeed, in many instances berter, They retain not
only their ongmal morpholagic chatactenstics, but also their buman
chr and protem P They can be transplanred back
into thor ongmal hosts with exace duphication of the onginal cyrologic
characteristics. And finally, m the human body they appear to acquire
resisance to, and even dependence on, chemeals which injure or even
destroy their progenitors and siblings, 1 there v any competence pos-
sible to the bacterium that cannot be duplicated roday by culrured hamn
cancer cells, 1t is not one hnown 1o this writer. )

There seems then to be no reason why the bacterium, by conventional
and accepted cnreria, should not be reg’ardcd as analogous 1o the cancet
cell. Nevertheless, the sheptic will contmue to advance the classic argu-
ment in opposition, that the hacterium comes from the externl emviron-
ment while the cancer cell is found in the normal units of the humin
structure wself, and so must be snsusceptible to selective destruction,
Lven this argument can now be countered. The demonstration that
phage can be made manifest in bactena otherwise seemingly devoid of
these units, that viruses are carried for years of not for generations in
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hidden and sitent formy, that avarulent normal berign bacterial nhabitants
of the nasopharynx can be comerted to virulent invaders, all mdicate
the amazing mutability of biological units  The acquisition of resistance
by bacteria renders such forms as mahgnant in relation to their nonre-
sistant relatives m a suitable environment as cancer ceils are 1 comparison
o normal cells of the mammal. Esery bit of evidence from modern
mucrobology mdicates that a single genenic change i a strain of bactena,
denved from 2 single ongnal cell, can mduce a new stramn as different
from the onginal m suscepubility to destrucuion, as any bacterum sus-
ceptible to pemecitln differs from the cells of the host which it mvades.
And no evidence custs that the cancer cell is any less sensitive to selective
mjury chan its bacterial analogue.

The next, and fifth, step, however, 15 to prove that the theoretical
consideration 1s correct, that the cancer cell can be destroy ed by chemicals
which are 1onocuous to normal cells growing at the same rate. This has
now been done  Biesele (1) has grown nommal and neoplastie cells of
simlar origm from expertmental ammals, at the same rate, as judged
by mitottc counts, and side by side i the same roller tube culture. The
addition to the culture of certam modified precursors of nuclerc acid
has resulted in destruction of the neoplastic umits by concentrations w hich
are without effect on their normal relatnes. Furthermore, this 1s not
confined to in wvitro expeniments  Stock and his co-worhers (2) have
shown conclusnely that certain transplantable neoplasms of mice and
rats can be regularly and completely destroyed by chemicals, alone or
m combmation, which exert little or no effect upon the host,

In short, the cure of transplantable cancer 1n expenimental animals
by chemicals 15 4 fact today, not 2 nebulous chimera to be sought only
by the eccentric and the quack

The sixth step 1s perhaps more important. It 1s the discovery of some
rational procedure by which the more selective destruction of cancer as
compared to normal cells can be approached by chemical means  Such
a rationale 15 now at hand It 1s called the “heterogeneity of nucleic acid
metaholism " This simply means that the hereditary matenial of the cell,
the nucleic 2cid, 15 1n dynamic equitibrium, that preformed, compley
precursors as well as simple molecules are employed 1 this dynamic
process, and, most important, that the composition, and so the dynamic
requirements of each type of cell, differs from any other. This has now
been amply established by Bendich, Russell, and Brown (3). It 1s con-
firmed by the observanions of Chargaff (1), G L. Brovwnand Warson (3),
Cavaliens (6), 20d G B Brown (7), all indicanng the heterogeneity of

] as well as of bolism of nucleic acid,

The next pount, the seventh in the sequence, 15 to prove that this specific

heterogeneity can serve as a basis for the use of the antimetabolite prin-
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ciple so Jong recognized m pharmacology and bacteriology and so httle
acknowledged as appheable to cancer control. Here once again the
observations of Stock and his associates (2) are outsmnding. Biescle (1)
his shown in vitro the astonisting specificity of action of modified
nucleic acid precursors on normal and neoplasic units, Hitchings (8)
has made simifar demonstrations for closely related bacterial strams,
Philips (9) has shown an astonishing specificity for different normal tis-
sues, as have Stock, Clarke, and Sugiura (2) for a variety of transplantable
ammal tumors.

Finaily, perhaps the most conclusive and exciting develapment is that
of Skipper (10) and Babs (11), who by preliminary and incomplete data
have mdicated thar human cancer implants—ike those of animals~have
vptake patterns different from normal ussues for nucleic acid precursors.
Furthenmore, they have perhaps a different susceptibility to mjury by
modificattons of those precursots

The evidence presented, in support of a firm program for cancer
chemotherapy, 15 sound and adequate but not final. The only final proof
15 the accomphshment of cancer control m man based upon the principles
5o clearly established for expermental amimals. “This ss ot at hand and
the reason for its lack is apparens  Until now there has been only animal
cancer available for test on 2 reproductble basis  The whole rational
thesis of chemotherapy described depends upon specific uptake patterns
by specific cells, by species, by types. and by degrees of maturity. Obui-
ously, then, with only mouse cancer to test, fine cures for mouse cancer
have been discovered, Just as obviously, these are not applicable to the
human disease to any substantal degrec, nor should they be if our thesis
1s correct  That they are, to 2 munute degree, so applicable, is clearly
good fortune and not good planning.

Whar the future will hold concerning this thesis enly the future can
tell  All that can be said ar che moment 15 that few pictures of discase
control have looked so nearly complete, or so pronstng, before the fact
It would be distressing and’ disapporneng ndeed if chis promise is not
borne out in time.
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The Bio]ogy of Cancer with Special

Reference to Cancer of the Lung,

Experimental Studies

WicLiaas E. Sanrrs

Cords of cells growing mto the shin in multiple directions from a central
mass i the breast suggested the outhne of 2 crab to the eyes of ancient
Greek physicians,  They used their word for crab to describe this lesion,
and their word, “cancer,” has since been applied to invasive grow ths 1
other arcas of the body, Such grows of bone have been found m Egyp-
tran mumnues.  For centurtes, comprehenston of the normal anatomy of
the human body v as confused by the description of structures interpreted
as internal organs and found i some mdividuals but not 1n others  Many
of these structures were undoubtedly cancers. In thinking about the
diseases we describe as cancer, we are thercfore concerned with a type
of atypical grows th that has affiicted the human face for 2 long time.

The study of primary cancer of the lungs has been traced back to the
sixteenth century, when a curious Jung disease was described among
men who worked m certamn German mnes now known to contain radto-
acttve ares (1). Over the years, this disease continued to affiice muners
employed there. In 1879 1t was recognized as cancer  In the exghtccm'h
century, lung cancer was diagnosed at an autopsy in fraly by Mosgagni,
and i France this disease was described by Laennec. Williom Stobes
published his scudies of lung cancer in Dublin in 1837, Some inrfrenxng
commients upon these and other ear]y accounts of cancer in th‘xs site have
been published (2, 3)  But man does not suffer alone  Primary pul-
monary neoplasms have been described i the cat, cives, cow, dogy foul,
guinea pig. horse, kangaroo, jaguar, mouse, opossum zad sf\eey 7).

It 15 noteworthy that cancer is not a pecubarly human afflicuion. Tu-
mors of one sort or another occur in many species of mammals {6, 7w
birds (8, 9), 1n amphsbiz and fish (10), and even in invertebrates {11).

i2
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Some pathologic growths of plants may be rcg:mlcd as tumors (10)
The mtensie studies of humin pathology made with the microscope
during the past century have revealed that tumors can anse~imm the
majonty of cell types present in the human body. Tumors arising from
cells of many different tissues have also been found n mice (12) By
comparnison with the data avatlable from men and muce, less information
cunsts about the variety and frequency of tumors in other species It can
be argued that species other than man and mouse have been Jess inten-
sively studied for this purpose, and thae wild animals or ammals rased in
great number for food are less likely to survive to the advanced ages
when cancer 1s most cammon  Both these arguments hase ment, but they
should not lead us to assume that intensive studies of other species will
eventually disclose the array of tumors found 1 man, or even in mice,
nor to assume that malignant growth 15 a fate that may overtahe any cell
of any species  Indeed, differences m the types of tumors or m the fre-
quency of tumors 1n different species may provide clues for the develop-
ment of fundamental concepts

One of the fundamental findmgs that have been derned from experi-
ments upon tumors m ammals was the discovery by Pevton Rous (8) m
1911 that cell-free extracts of a chicken sarcoma could, on mjection 1nto
healthy chichens, bring sbout the development of simlar tuntors tn them
Vartous types of tumors in a number of different species, including some
warts in man, have subsequently been d d as ¢ ble n
thus way, and the agents responsible for the effects are spoken of as tumor
uruses (10} These viruses are notably restricted in therr tumongenc
action to certam nissues  Some act upon mesenchymal cells and ehat
sarcomas, others upon epithelial cells with resultant warts and carci-
nomas, some affect blood cells and induce leukemas  The need for a
P b 15 well ll d Ly experiments with a virus
that induces papillomas when moculated mto the shin of rabbits. When
the site of moculation 1s moved a few mullimeters away from the skin
epithehum and the virus 1s introduced 1nto the mucosal epithelum of the
Iip. 1t has no tumongenic action whatsoever (13)  Another virus, which
praduces tumars of the mucosal epithelium, fails to do so upon the shin
(14)  An agent such as that which mduces mammary cancer in nuce
thus poses no threat to fish, which Possess no mammary twsue for it to
act upon  Less facensously, the tumor viruses are notably hmited as to
the spectes in which they can act  The virus that elicts skin tumors 1
rabbuts has no effect upon mice, and the viruses that mduce leuhemas
or sarcomas m fowls fail to do so m mammals  The eustence of a virus
capable of inducing tumors i one species, and the absence of such a virus
1 another, could well determme differences 1 the tumor expenience of
the two species
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As m the viruses, there is also variation in the susceptibility of nissues
to the tumorigenic action of cerran chemicals. No skin tumors are
chiosted by betanaphthylamine, paradimethylami L or acetyl-
aminofluorene, compounds which evohe tumors in inrernal organs, A
chemcal that produces tumors i ane species may fad to do so in another.
Benzpyrene or methylcholanthrene, which readily induce cancer when
painted upon the skin of mice, seldom do so when applied to rats, al-
though both species respond readily with sarcomas w hen cither of chese
chemicals are mtroduced subcutancously (15), Methylcholanthrene, one
of the most potent carcinogens known, as judged by rests upon mice,
failed to induce any tumors when applied repeatedly to monheys over a
period of twelve years (16}  Cancer has been produced in monkeys
painted for stx years with a petroleum derivative that also caused tumors
when applied to the skin of mice and rabbuts, but concurrent tests of this
same oif upon rats and guinea pigs were completely negative (17). The
dye, paradimethylanung-azobenzene, which readily causes lver tumors
when fed to rats, seldom does so 1 mce and never in chickens, Jn seek-
mng explanations for differences in the reactions of different species, E C
and ] A Muller and their assoctates noticed thar this dve combined firmly
with Iner protems of rats, and less firmly with those fram mice. There
was no binding of the dyc by hver protetns from chickens, cotton rats,
guinea pigs, or rabbts, species which are ghly resistant to the carcino-
genic actiop of this compound (18).

Some exceedingly thought-provoking evperience has cmergcd from
the study of b phthylamine, a wed in t]w ure of
certain dyes. Cancer of the bladder has been recognized as an occupi-
tiona! hazard for men workmg with chus chemical, but tests of it i 2
rariety of spectes of aaumals fatled for years to tadicate any carcinogenic
properties Eventually, dogs were unfized as a test species, and tumors
resulted in their bladders when the compound was fed to them (19)
Studyes of the holic fare of this compound werc subisequently tnder-
taken, and hydrovylated derivatives were idennfied in rhc‘unnc. TP{C
pattern of hydrovylation was found to differ m different species. 'Gcnrgh
anna Bonser and her co-workers showed that one of these derhvanves,
2-ammo-1-naphthol, found in the unne of man and the df)g, “{S:f::
readily produced m the cat, mouse, rat, and rabbir  This partic :
metabolic derisative was then shown to be capable of causmg cancer of
the bladder in mice, a spectes that does not develop cancer 1n ffﬂ["’;";;‘j
betanaphthy lamune wself  These expermments mdscate 2 fundzm:l:lumms
cept of major sigmificance, namely, that a compound ﬂ:ml ma’hpmem-
no prmary carcmegenicity can acquire such a me"-'I‘.‘ ‘f‘m":'% species
bolic changes impressed wpon it 1 the bodies of ammals of son : :‘{:v:m
but not m others (20, 21, 22). It may be that such differences
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sndiwiduals within the same species detcrmine why one wall form a tumor
while another will not, after both are exposed to the szme agent.

Much has been attempted to explore the mechanisms w hereby chemrcal
carcinogens exert therr effects upon cells  The findings and speculations
1 this area have been shrew dly and succmnctly reviewed by Boyland (23).
Whatever these mechamsms may be, it is noteworthy that they can
somettmes be modified The carcinogenic action of cerrain chemicals
can be inhibited by simultaneous exposure to closely related but non-

pounds (24, 25). Co ly, a few appl of 2
carinogen to the shin, sufficient to ehicir cancer there, may do so when
the treated skin 1s endy subjected to a F 1 mjury or to

an irotant (26). Such an injury or arntant 15 spoken of as a promoting
or co-carcmogenic sttmulus, This phenomenon mught well play a role
m derermiming why, mn groups exposed to the same carcmogen, some
ndividuals develop cancer while others do not It 15 not known whether
co-caremogemce influences play a role m cancer of the respiratory system,
but the diverse industrial dusts associated with cancer of the respiratory
system i certain occupational groups (27) and m some evperimental
studies (28) suggest that research nto this field may prove rewardmg It
15 known that the lungs of different species respond differently to the
same irntane Asbestos produces a pneumoconiosts m rats, rabbits, and
gumea pigs resembling that whuch st causes m man, but it fails to do so 1
mice or dogs (29).

Investigation of genetic factors m cancer has provided a great field of
fundamental inquiry  There 1 a long list of hemgn and malignant temars
of human bemgs m which heredity 1s thought to play some role (30)
Lung cancer has not vet appeared on this list, perhaps because unut
present generations it has been so seldom recogmized that detection of
several cases m one family has been unhikely  \With the numbers of lung
cancers diagnosed in generations now In g, 1 should be possible to learn
whether there 15 any fanuhal tendency to this discase

A wealth of knowledge has been gleaned from genetic expertments
with ammals (31)  These experiments have been accomplished by matng
the progeny of a parent who bore the type of tumor desired for the
study  Similar brother-sister matings of subsequent generations v ere then
carried out, with discarding of descendants of parents in whom the de-
siwed neoplasms did not appear  After many generations of such selectne
breeding, strams of mice have been developed n which almost all mem-
bers suryiving mto the older age groups develop mammary cancer,
whereas 1n other strains almost all members develop Yeuhema, and in stll
others almost all develop pulmonary tumors It has also proved possible
to develop strams having a low or moderate incdence of these or other
tmeors
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In 933, evidence began to appear showing that the tendency to mar-
mary cancer was transmitted by the female parent but not by the male
(32) Sucklings born of mothers from 2 strain free of mammary cancer
developed this discase m old age f nursed when young by mothers from
a stran having a high frequency of mammary cancer. ‘The reserse ex-
periment also succeeded.  Mammary cancer did not appear in the progen;
of mothers of lugh mammary cancer strains if the babies were remoyed
from their mothers before takmg any milk, and werc then foster-nursed
by mothers tree from breast cancer,

The discosery of the transmmssion of the labilicy to this form of cancer
by an agent, presumably a virus, i the milk, opened aicnues of thought
of profound importance. Not only did it sfford an esplanation for the
appearance of cancer in fanmhes previously free of it, but search tech-
niques for viral agents of cancer were immensely broadened. The pre
vieusly Jknown vira) agents of clucken sarconas and leukemizs and o
rabbie papillomas asserted their presence, hike other viruses, by inducing
their charactersstic lestons withm g few weeks, But the mammary tumol
agent, acquired during the first days of lfe, remained unsuspected in tht
tissues until Jate in the hfe of the smmals  Further, the acavity of thi
agent 15 conditioned by the genetic constitution of the hosts and by hor-
monal stimulation  Pregrancy or myections of estrogens specd the raze of
appearance of breast cancer in mdividuals harboring the agent, and in-
crease the eventual frequency of the twmors (33).

Recently, 1t has been clamed that feulemia in mice is caused by 2
virus transmitted from one generation to another through the :m}'wrytm
and that leuherma can be made to appear in families of mice previously
free of that disease by injection of extracts of leubennc tissues i{ltﬂ new-
born amimals (10), but these experments have failed of confirmation (349
No evidence has yet appeared to indcate that the pulmonary adenomss,
common mn certamn mouse strains but not in others, have a viral etology:
Unpublished experiments conducted by Peyton Rous and ghis woier
vielded no increased frequency of these tumors in nuce ohserch rh{nugh-
out their lives after intranasal msuffation or intrapylmanary jnjection of

cell-free extracts of adenomas mto newborn ammals

Clarms have been made, however, for the demonstration of a viros
pulmonary adenomatosis of sheep ’I:hts disease (raagsiekte} I;:‘!is 4;;
sumed epidemic proportions in sheep in some parts of the \Wi ot
apparendy does not spread to the shepherds of diseased_flocks, )e
occastonal cases simulaning this discase are found in man It is 2 mort
diffuse process than the pulmonary adcnoma‘s of mice, but the c:llsdh:;‘:
2 simtlar appearance  Niels Dungal (35), in lceland, has repm‘;c .
following results in expersments with 1t The disease was seen to develop

in healthy sheep housed above sick sheep. A Qiseased sheep was made
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10 breathe through a 20 per cene glycermn-saline solunen and this solution
was introduced intrarracheally into each of three lambs, 10 two of which
the disease developed, The breath of one of these, collected in glycern-
saline, was filrered through collodion membranes and the filirate was in-
jected into the lungs of four mice  These mice were Lilled four months
later, and one had what was considered jazgssekre. These expeniments
suggest that a virus 1s responsible for p v ad s1s 10 sheep,
but the finding of adenomatosis m only two lambs, on an 1sland where the
disease 1s endemic, and in only one mouse, precludes a conclusion at
present In sheep, the disease 15 often complicated by pneumonia, but the
pulmonary adenomas of mice occur free of mflammatory changes (36)
In discusung the vanous types of tumors that have been transmtted
0 new hosts by cell-free evtracts of rumor ussue, the phrase “tamor
)

Vireac” hac she ¢ €ard aan snead o vhi ahanvas Thae e sha ahes

Dfeless media, and sncrease in number of pathogemc particles upon ntro-
duction mto Living cells (37) Nevertheless, one may question whether
the particles capable of transmitung wmors are fundameneally akin to
agents such as the influenza or vacaima viruses. The problem concerns
the evolutionary onigin of viruses If pathogenic self-duphicating parucles
such as the influenza or vacuima virus arose through development of a
state of obligate intracellular parassnsm by microorganusms, then these
‘Viruses can be smd to have an exogenous origin 1 respect to higher forms
of ife  The tumor viruses, on the other hand, might conceivably owe
their ongin to pathologic changes m p of the cells of the
spectes 1n which they exert their effects  This question, considered upon
the discovery of the first tumor virus (8) but stll unsolved, gams stature
by reference to the self-propagating particles known as plasmagenes m
phints and protozoa  Playmagenes are transmutted by heredity but he
outside the nucleus They determmne some celtular characteristes and
may, on occasion, gne mse to abnormaliies  An amlogy between
plasmagenes and tumor virwes leads to mtniguing speculations (38)

Recently, 1t has been claimed that lvinphosarcomas and chemically in-
duced hepatomas of rats c1a be transmtted by their mutochondra (39),
but in these experiments the pussibihity of the presence of intact cells, and
hence of simple tumor transplantation, could not be excluded  The same
Tservanon may apply to the clam that sarcomas induced 1n mice by
dibenzanthracene can be transnutted to new hosts by extraces of the
tumors (40)
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Following the influenza eprdemic of 1918, many pathalogists described
metaplastic changes 1 the bronchial epithelivm of persans dying as g
result of that disease, and views were advanced that these changes were
precancerous and mdeed that some cases of lung cancer could be regarded
as sequels of nfluenza  The literature of that pertod has been reviewed
by Simons (41), who pointed out that if influenza can lead to lung cancer,
1t cannot be the only cause, since many cases of lung cancer oceur without
a preceding history of influenza. In the extensive study of the pathology
of mfluenza published jn 1920 by Wmnternitz, Wason, and AMcNamara
{42), the statement 15 made
In a number of cases, epithelial proliferation has been so extensive that it
could not be differennated histologically from an mvastve malignant neo-
plasm  There 15 no reason to beheve that malignaney ught not result from
the ) of the epithelum to prol in the chronie
nflammarory process of the lung i mfluenza'just as chronse infection in the
lung of a mouse results i a much higher percentage of spontaneovs neo-

plasms of the fespiratory tract in this species than in those anmals where
) i are 1t will be -

chronic p Y v t
teresting, mndeed, to see whedher, as a face mantfestation, there s an incresse
mn the number of now relatsely rare epithehial new growths mn the respira-

tory traet of man,

The conception that pulmenary tumors in mice are stimulated by
chronic pulmonary infections has no longer been widely he]d. <1ncchtht
precise studies of Grady and Stewart in tracmg the evolution of these
tumors in otherwise healthy mouse lungs (36). lnﬂu.enzn virus produces
extensive eprthehal proliferation in mouse lungs, but, in experiments con!—
ducred by Stemner and Loosh (43), lung tumors were not more frcqut)!;
1 nuce previously infected with this virus than in unmfected cnntrols
The mice used for these expenments were young :fduhs,. and zhe[!t;c
leave apen the question of whether the prohferative stimulus of hrfc
mfections mighe have exerted an effect if they had been grien later ;chhn'
when mouse lungs begin to bear tumors. Ong might :ﬂﬂ? mquxrcr\\s et
the epithelial proliferation brought about by influenza virus “e:nfulmon
i wiich cancer might develop more easly upon 51)b.s:quer3r st e
by a chemcal carcinogen. A test to explore this possibility ;\nﬁ c?:ﬁucnza
b;’ Campbell (44), with negatve results, i muce expose [:l s
virus and subsequently llowed to inhale a dust containusg co:

long periods of time ]

Iﬁﬁ}\’)enza has not stood alone among chest diseases ::r h:;; \l:f::
suspected of playing 2 role in lung cancer. So grc]at an (:;m Z.tzh“ e
(45) made the statement i his rc(tl:oolf on neoplastic IS‘C‘Q';’ ;c D e
culosis is the chief etiofogical fact?r in lung cancer. . f’(ub:rcub\ls
that occasional eises of cancer arismg from the walls o
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caviuies have been deseribed, and 1n these mstances the tuberculous proc-
ess can be considered to have prepared the soil for the malignancy, the
many cases of lung cancer without evidence of tuberculous mfection
male 1t difficult to assoctate the two diseases. But the concept that various
parhologlc changes, not m themsclves neoplastic, may play some role
i sub neoplastic devel holds much that 15 thought-

pm\ukm‘g Adenocarcinomas of the lung tend to be composed of cells
bearing some resemblance to those that normally Ime the bronchial
passages, but the majonty of lung tumors 1n man are anaplastic, undiffer-
entited, or frankly squamous The squamous cell cancers are composed
of cells that resemble shin tissue. Since no such ussue exsts m healthy
lungs, alteration (metaplasia) must occur m pulmonary epitheliunt in order
to provide cells that could give nise to squamous cell cancers  As will
be discussed later 1n this chapter, polycyche hydrocarbon carcmogens
cause pl f pul v epitl and 2z dversity of
tumors have ansen from such metaplastic tssue under expenimental con-
dmons  Patches of sq plasia are y seen in human
lungs that have been the seat of chromc infections or trntations (46)
and are found 1n ammals deficient i Viamun A (47)  Such changes
are found only inconstantly in lungs that are the seat of carcinoma and
hence cannot be dasp ous  Sq plasta may
be widespread in the lungs of old rats w tth chromc pulmonary infections,
but cancer has not been found in such lungs (48). Nevertheless, the
possthality cannot be entrely d d that pecifi pl
changes may predispose to cancer or provide tissue that may undergo
further change i the direction of neoplasia upon subsequent exposure
to other circumstances

pl of dietary or bolic factors from this point of wiew
may reward the expenimenter concerned with lung cancer, for nutntional
studies have made interesting contributions to several fields of cancer
research (49) In man, cancer 1s more common in the obese  In anmals,
the frequency of spontaneous tumors or of tumors mduced by chenucat
carcinogens 15 decreased by caloric restriction  On the other hand, there
15 evidence that cerrain dietary imbalances lead to cancer  The frequency
of cancer of the liver among some native groups in South Africa 1s thought
to be consequent upon damage to that organ occasioned by diet defi-
ciencies (50)

A deasne mfluence of diee upon carcmogenesis was discorvered by
Rhoads and Kensler (51), who d that the devel of
cancer 1n the livess of rats fed paradimethylammo-azobenzene could be
presented by adding veast or Iiver extract to the food Diets deficient
w choline lead to fatny wfileracion and circhass of the hiver, and tumors
ensue. In the latter experiments, carned out with rats by Copeland and
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Salmon (52), not only did hepatomas appear, but hemangio-endatheliomas
and sarcomas developed at several sies—and, a findmg of most direct
interest to our prescnt purpose, tumors were reported in che lungs
Indeed, these authors stated that autopsies resealed primtey carcinomas
of the lung n 38 per cent of ther rats after eight to ten months upon
the choline-deficient diet, and it would appear that this statement referred
10 tumors m mnereen anmmals.  The lesions were described as nodular
and composed of masses of anaplastic oval cells with numerous mitoscs.
Metastases were not mentioned. The neoplastic character of the growths
was not tested by transplantation  No such Jesions were observed among
htter-mate control animals fed the same deet but given supplements of
chohne  Bronchiectatic cavities lined by metaplastic epithehum were
found 1n the test rats. If the lestons interpreted as tumors were in fact
such, and not simply nodules of metaplastic epithelium such as described
in rats by Passey (48), then these experiments of Copeland and Stlmon
have Jarge importance.

It will be recalled that mention was made of the increased frequency
of mammary tumors m micc harbormg the mammary tumor agent and
mjected wath estrogens. The large literature on hormones in .relznon to
cancer has been recently reviewed by Gardner and his associates (53).
Long-continued adnunustration of estrogens leads to cancer of the uterus
in rabbuts, cancer of the cervy and mterstitial cell tumors of the tests
1n mice, and renal tumors m hamsters.  Although it is possible th:t.lhcsc
hormones possess some prmmry carcmogemc pmpcrt)'. their (:umong:mc
actron may be less direct. In mtact fnice, estrogens cause thichenmg of
the epithelium hmng the cervical canal, with consequent stasis and mfec-
tion that may play a role 1n bringing about the tumors that later appc]ﬂlr:
for estrogens fail to duce cancer from cervical tissue grown aseptica Iy
in subcutaneous sites, The impression grows thac estrogens sen]e Tz
developing agents, or as co-carcimogenic sumult fo{ a vagiety of neop is!m
potenialittes possessed by different struns of animals  Mice gror:: o
develop leukemia exhibtt an mcreased freguenc.y and accelerate: ;amm
appearance of this disesse following admunistration of estrogens, an e
effects can be negared by testosterone,  Other familtes of mlFC]:] Pmd
to develop pitvitary adenomas, acquire these tumors mare quich ¥ "

- 2 The fact that uterne Tum
more frequently if estrogens are gien ot this
can be eherted in guines pigs by administration of estrogens an e of
effect can be antagonized and prevenred by snmuhaneo:s m):;‘ﬂ e
progesterone, indicates that the endocrme balance x:if ol 7 ::r‘nors fter
volved, a view supporred by the development of a revn-‘lf o ancet
gonadectomy of young miwce. The greater frcq;f"q 1:n | th%r endo-
among men as contrasted to w omen has suggeste n:i : o’f s dintase
ennological techniques may contribute to the understanding
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All these general considerations have been offered as 2 settng against
which to view the more direct studies that have been attempred upon
the specific problem of ung cancer. Subsequent chapters of this volume
will describe the diversity of types of primary lung cancer encountered
mman  Not only do these present differing chnical, surgical, and patho-
logic aspects, but the general categories may have diffenng enologies
The investigator must therefore bear i mind that what he learns about
one type of lung tumor may not apply to 2nother, just as what he learns
from experiments upon one species of animals may not apply to another.
Recent reviews of experimental studies of lung tumors have been published
by Stewart (54) and the author (55). These contain extensne babli-
ographies upon the subject, and the reader 1s referred to them for docu-
mentation of statements to follow.,

The great majority of expenimental studies of lung tumors have been
conducted with mice, and center around the type of lung tumors common
i that species  Wells, Slye, and Holmes (56), 1 examining 2865 cases
of spontaneous lung tmors 1 mice, found epidermoid features in only
seven The remainder were adenomas, some of which had undergone
cancerous evoluton  In 104 cases, there were metastases outside the
lungs  In thirty-three cases there were sarcomatous features  The devel-
opment of sarcomatous elements (w hich can include bone) from adenomas
1s cunious  Adenomas m nuce commonly arise in the alveoh and le close
beneath the pleura (Fig 1) They are discrete, compact nodules com-

e b w5 . " . .

Therr incrdence can be reduced by calonc restriction (;9) In propor-
tion to their spontaneous incidence mn the varous stramns examined, the
rate of appearance and the ex entual number of these pulmonary adenomas
can be augmented by exposure to carcimogens. Extensive expenimentation
has demonstrated this effect following travenous or subcutancous njec-
tion of pure careinogenic polycyche hydrocarhons, ot after ntraperi-
toneal, oral, or ntranasal admimstration of urethane, and even after
repeated application of coal tar to the shin  Intray enous injection of either
mtrogen mustard or sulfur mustard increases the incidence of these
growths

Discovery of the action of urethane, 2 water-soluble compound of smalt
molecular size, 15 of unusual mterest, for the polycyclic carcmogens, such
as benzpy rene or dibenzanthracene, can induce tumors of many tissues,
wheress urethane exhibits a carcinogenic action almost exclusiyely 1n the
lungs  There 15 evidence to mdicate that the number o” yuinmmr\
adenomas mduced by it can be altered by substances thought ro influence



Charactenstically,

Fig 1. Mulnple pelmanary adenomas in the lungs of a mouse
they lie close beneath the plevra  (From Grady and Stewart (36)}

Fig 2 Pulmonary adenoma in the fung of o mouse It 1s composed of cubordal
and columnar cells in papillary glondular arrangement with litle stroma  Shightly
enlarged from 200X (From Grady and Stewart, thid )

Cross-section through a 10mm tass resultag from transplantation of o
Sechons of the

fg 3
Al grew

tumor induced by methylcholanthrene from embryo lung hssue.
original growth showed carcinomas of three ditinet morphalogic types
1n the transplant, as can be seen here The growth occupying the middle of the slice
consists of thick septae of fibromatous appearance covered with cubordal epitheliol
cells, as higher magnificaion showed  The clefts between the septoe are small
Toward the Jeft there is a carcinoma composed of srapsiyona) epithelum heaped vb
into u layer many cells deep  On the right there 1s a squamous cell carcinoma. 17X
2
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ucleic sund synthess; the number 15 decreased by admunustration of
sdiwm desovyribonucleate or thymine, and sugmented by administration
§ ademng or aminoptenn {57, $8)

Mating mice from a stran having a hgh frequency of pulmenary
A DA, P [ Jas

eptibihiy to these Tumors 15 nat dependent upon 2 single gene but 3
ssociated with mulniple factors, and he traced these o a parueular chro.
aosome of the mause, He thea canducted the follow ing experiment (59)

Many yssues can be successfully transplamed from one sndssidual to
nather i a genetically homogenous strun of muce, but not to animals
of another stran 1 sndi duals from twa pure strawns are mated. how-
wver, tssues from esther parent stran will grow when eransplanted wmro
e ofspring  Heston mated indwiduals from a strain having a tgh
‘requency of pulmonary adenomas o indwrdualy from a stran having
Leery low tacidence of these tumors  Into the offspring of these matings,
3¢ transphinted long wssue from each of the pavent stras, placing the
sraft from the hugh tumor parent in one side and the graft from the low
anmor parent o the ather side of the aew host He then njected a
en, dib 4 nt 1y 1to the amimals beanng these
grafts  Aany pulmonary adenomas arose in the grafes from the lugh
womos stratn - Very few arose in grafts tahen {rom the low tumor parents
Thrs ingenious expertment demonstrated that factors determimng suscepti-
bulity to these tumars reside m the lung ssae itself

A possible explanation for what these factors may Le n suggested by
some expenments with urethane  So senmpve 15 mouse lung ussue to
wrethane fhiat when pregnant gice are given this compound, pulmonary
adenomas develop i thetr offspring (60) and can be detected 1n the tun,
af haby mice as garly ss thice days after therr birth (61) In searching
seniaf secttons of fungs of baby nmuce born from untreated mothers, 1
have been impressed by the occastonal presence of tny nests of cells
resernbileag adenoma cells m babres fram 2 steaw haviag a modertte incs-
dence of adenomas i ofd age, whereas such cetls were not evident in the
lungs of habses from a scrain that rarely develops adenomas (35). These
observations would support @ view that the develepriene of pulmonary
adenontas mav depend upon sttmulatron of specific cells possessed 1
ditfering oumbers by different individuals, and could afford an anatomicat
answ er to the nddle of why one sndividual develops 3 tumor while another
does not - Observation of the cefh m question i the very young suggests
a posbfe explanation for the sarcomatous ¢elements that not infrequently
appeas i the metastases (56) or transplants {67} of adenomus.  Pulmonary
adenomas s man often have components from two germ Jayers, and it

saraini
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has been thought that such tumots owe their mived character to origin
from nests of cells having embryonic developmental potentialities (63).

Bue pufmonary adenomas are relatively uncommon in man and consti-
tute only a small fraction of the human Tung tumor problem. Attempts
have been made to produce experimentally types of lung cancer common
m man but unril recently these have met with little success (for bibliogra-
phy see Ref. 55). In 1924, Moller clamed o have found squamous cell
carcmnoma in siv of 24 rats after Jong-continued painting of tar onto the
skin  In view of Passey’s subsequent demonstration (48) of the frequency
of extensive squamous metaplasia in the Tungs of old rats, one may doubt
that the changes described by Moller were carcinoma. Coal tar injected
through the chest wall mto rabbit Jungs or instilled intratracheslly snto
mouse lungs failed to evohe cancer, though the fntratracheal method 1s
said to have yielded an adenocarcinoma in 2 guinea pig. Methylcholan-
threne 1n olive o1l njected intratracheally into mice evoked sarcomas
rather than carcinomas (64) but a Finmsh anthor, Niskanen (46), clamed
that he observed squamous cell carcinomas m rat lungs after wntrarraches)
mjection of dibenzanthracene in olwe a1l His photographs suggest that
at least one lesion may have been neoplastic rather than merely metaplastic,
bug none were transplanted, and the clum that they were in fact cancers
must be viewed with some reservations, Intrapulmonary jection of the
powerful pure carcmogens methylcholanthrene, benzpyrene, dibenzan-
thracene and 9,10-dimethyl-1-2-benzanthracene dissolved in paraffin have
provoked sarcomas and adenomas n mouse lungs, but completely failed
to elicit any carcinomas (65).

The first indubrtable experimental production of a squamous cell car-
cmoma of the lung was accomplished 1 1937 by- Andervont (66), who
coated threads with dibenzanthracene and drew them through the chest
walls of mice. He cur each thread v here 1t emerged from the body wall
and thus left a piece n the lung. By successfully transplastng the
growths senally m new hosts, Andervont esrablished the truly neoplsstic
nature of a squamous cell cancer induced in this way.

Carcinomas resembling types seen m nian have been induced from lung
tissues removed from mouse embryos and transplanted along with methyl-
cholanthrene (67) or dibenzanthracene (68) info the thuigh muscles of
adult ammals of an mnbred strain (Figs. 3-7). With the use n.f rhis
procedure (the “nssue transplant rcchnic{uc"), lung rissue hos :s\cldld
squamous cell, transitional cell, and anaplastic and al eolar cell carcinomis,
and the neoplasuc nature of each of these types of grow ths has been
1 ) n  These experiments were under-

blished by p
taken to learn whether feral lung tisue possessed the porentialicy for
acoplastic change, or whether such Dahulities were acquired later n hife,
perhaps due to acquisition of ncoplastic viruses. The diverse eancers that
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resulted leave htle ground to suppose that the generahty of fung tumors
can be due to neoplastic viruses enterng the organism ta postnaral life

A finding of particular mterest was the early occurrence of metaplasia
in implants of y epithel exposed to I Figure 8
shows a section of the wall of a bronchial structure i such an implant
On one side, the cells have heaped up mro several layers of transitional
epithelum, on the other they have formed a layer of stranfied squamous,
but not keratinizing, epichelium In many other implants, fully developed
squamons metaplasi With preduction of Leranin was ebserved  Trans-
plantanion of such tissue to new hosts sathin 80 days followsng the onginal
transplantation of fetal tissue failed, demonstrating that it was merety
metaplastic and not neoplastic  After 80 days, successful transplants of
cancers composed of each of these types of metaplastic cells were achieved.
These findings ndicate that neoplastic change can supervene n cells at
various stages of metaplasia, and thar once the nevplastie change occurs
the metzplasia proceeds no further.

These considerations may bear upon the diversity of histologic appear-
ances encountered sn cancer of the lung n man, 1t having been often
remarhed that sections from different areas of a human lung cancer can
reveal very different types of mahignancies (69).  This occurred m growths
nduced from lung nssue through exposure to carcinogens by the tissue
transplant technique (Fig 3).  In subsequent seral transplants of such
growths to new hosts 1t was occasionally possible to recognize dfferences
1n the gross and to separate the fumor into 1ts component parts, transplant-
g each indinidually (Figs 4~6). This supports the mpresston, gained
from study of the otiginal tumors, that neoplasia arose in several focy, and
that the vaned character of the onginal tumor was due to the advent
of malignant change in cells at different stages of metaplasia

Mention has been made of the mduction of adenomas m mouse lungs
fallowing intravenous, sub p , and oral ad -
tion of carcwogens  To what has already been said may be added the
abservation of primary hemango-endothelioma of the mouse lung after
subcutaneous injectron of ortho-amino-azotoluene (70)  These facts
make plain that thinking upon the role of carcinogens 1 lung cancer
cannot he ltauted to their more obvious portal of entry through the
sespiratory tract  Nevertheless, data availible from occupationat lung
cancer expenence focus arention upon materials that enter the tungs by
inhalation (27), as do the epidemiological studies on smoking and urban
air polluton discussed 1n another chapter of chis volume

In 2 series of experiments extending over many years, the late Argyll
Campbell exposed several thousand mice to inhalation of vanous matenals,
A rable raken from his Jast paper (28), in which he summanzed his find-
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theory that Jocal anovia might play some role in initiating neoplasia, he
attempted an expertment to learn whether reduced atmospheric otygen
pressure augmented the mcidence of lung tumors, He concluded that
it did so, though his data in this respect were few and untmpressne (72).

Campbell's evpenments were conducted m London i the nineteen-
thirties soon after Kennaway, working m the same cicy, had found car-
cinogeme activity 1t the products of pyrolysis of many organic substances
(73)  Camphell tested the effect of exposing mice to exhaust gases from
gasolne engines, housmng the animals in a chamber mto which such gases
were mtroduced on five days 2 week throughout thetr hives. In a smulac
experiment, he mamtained mice throughout their Ines in a chamber mnto
which the smohe from 12 cigarettes was puffed five days a week. In the
expernment with cigarette smohe and in one of two evpenments with
exhaust gases, lung tumors were somewhat more frequent m uposcd
groups than  controls, but the numbers of tumor-beartng muce were
small {73). There was no unusual frequency of lung tumors 1 nuce
exposed dailly over a pertod of 16 months to tobacco smoke, m expert-
ments conducted by Passey (75)  Also, Lorenz and Stewart (76) exposed
mice with a hugh s id of pul v ad to w-
halation of tobacco smoke several hours a day for 250 days, without find-
ing any mncreased frequency of lung tumors  In thewr expernments, the
fobacce was burned in an automaucally puffed prpe.  Recently, Essenberg
{17, unhzmg the same stram of muce, exposed ammals daily nver the
course of 2 year to smohe from automatcally burned cigarettes. In this

7 d frequency of lung tumors was recorded n the
exposed ammals, but the tumors lustrated were adenomas racher than
tumors of the types common i man fn Essenberg’s experiments, 1
would appear that the cigarettes were not puffed, but were burned by
contmuous suction, Such a procedure nyy have resulted n quantitative
or qualitrnve differences in composition of the smoke as compared with
that encountered m ordinary smoking.

The remperature ar which fobacco bumns was found by Ashley Cooper
and fus assocrates to range from 370° to 700°C., depending upon the vigor
of the smoling  These authors recalled the importance of high rempera-
rure in the formation o} carcinogens in coal tar (78)  Smoke condensates
prepared by them from tobscco bumned i automancally puffed pipes,
produced a shin cancer 1 only one out of 50 mice after repeated appl-
cation to the shin  Vanous preparations of tobacco “tars” hne been
tested by a namber of mvestigators by drrect application to the skin, with
rumors resultng s some studies and not 1 others  Retviens of these
studies, exensiye bibl. phies, have been published by Flory
{79), and by Wynder, Graham, and Crominger (80). The first tumor
prod peri Hy by 2 d of tobacco smoke, a carcmoma
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TABLE 1
SiGNtrIcaNcE oF Increase v Incroenes oF Luse Tumors 1v Dustep Micr *
Percentage Lung Ratio of Dife
Tumor Ineidence ference be-
coeen E and | Sgmbcance of
Expeniment O Standan | Inerease Due to
Dusted | Control | Errorof Dust
Mice (E) [ Mice (C) | Dufference
Tarred road dust (1) 740 80 7.2
CO + tarred rond dust 473 7.5 4. 1} Highly sigmficant
ALOs + 510; + FouOy + CaCOs | 194 oo 36
FeOs 27 96 2.9
Caechoslovak dust (2} 203 2.1 28 Definitely signif-
Tar-free road dust 448 200 2,7 cant
Tarred road dust (2) 131 14 26
Dilured “mchel” dust 298 125 22 Some significance,
Czechoslovak dust (1) s 17 22 but near bor-
Bituminous coal 121 1.9 2.1 derline
S0, + “mckel” dust 17 4 50 1.8
$10p + Fex0s 19 4 9.6 15 An increase, but
Carbon, exhaust soot 333 20.0 15 might easih be
AlOs + §i0; + Fe:O 158 912 L1 due to chance
Steel grindings JENS 77 10
Anthracite coal 91 70 04 No ncrease of
Coal oot 200 200 0 o} any agmficance
I

[ S R N
* From J A Campbell, “Lung Tumors in Mice and Man,”™ Brie M [, 1179, 1943

the first test having been done

five years afer the rarring had been done,
£ the road (71) Somewhat

with sweepings made soon after the tarring o T ed
clevated Jung tumor rates were recorded among mice that hnd' mh:xhe
fernic oxide dust, pichblende (“Czechoslovak’) dust, and certain ot ;r
matenials as recorded 1n his rable. The pitchblende dust came from the
Czechoslovakian mmes where cancer of the lungs has been observed '-;5
an occupattonal hazard for miners (1) Inspection of the table revcr:ds
that higher frequenctes of lung tumors were recorded in mice cYP;:s
to nearly every onc of the dusts tested, and Campbell appeats m‘ :\\;
been imi)resscd by this to the exrent of speculating fhat the mnu;rs m::c
in control mice might have resulted from inhalation of .dusr TOM ”
sawdust used for their bedding  He atrempted m.nsccmm whether ‘hr
presence of any sort of relanively insoluble material i the fungs ﬂ:;g“n
be associated with an increased frequency of lung tumars, b“f fouoﬂ e
dependence of tumor incidence upon the degree of dust deposit, Ont



BIOLOGY OF CANCER 31

revzaled various alteranions, of which three may be singled out for com-
ment, Sebaccous glands disappeared and nucleol: of epidermal cells en-
larged wathm four days, while after ten days the painted area became
Lald (85) Subsdiary tests of a vaety of fractions derived from petro-
leum or from coal tar disclosed that these changes followed exposure to
fractions known to be carcinogemic as a result of prior long-term tests
for actual tumor induction  Studses of dilutions of such samples revealed
that their relame carcinogenic porency could be estmated by counts
of the number of sebaceous glands per cenumeter four days after applica-
tion of test materal, the relanonship beng mverse, re., the fewer the
glands, the more potent the sample. In human volunteers, nucleolar en-
largement oceurred i shin panted with coal tar, benzpyrene, and a lugh-
bothing petroleum fraction hnown to be carcinogenic far mce, rabbs,
and monkevs (86) Cigarette smoke condensate elicited a lesser effect
1n this direction and did not suppress sebaceous glands except 1n one of
four volunteers

Fractions of cigarette smoke condensates prepared by Alvin Kosak and
others (87) have been tested upon mouse shin  Counts of the number
of sebaceous glands after four daily applications of these samples focused
attention upon two of them as being presumably carcmogeme  These
two fracuons, susp d of p i y on the baus of
the early shin changes, proved, 1n experiments recently completed, to be
the ones that elicited skan tumors 1n subsequent long-term tests upon mmee
and rabbits

It 15 nteresting to recall that the identificanon of a pute chemical
carcinogen among the multitude of compounds present in coal tar was
enormously facilitated by the distincti e fluorescence of benzpyrene, “the
thread that led through the maze.” From the evpenence described, 1¢
would appear that abservations upon carlv changes i the shin afford a
simlar “thread” to guide searches for carcinogenic components 1 petro-
Jeurn dernatn es or cigarerte smoke condensates  For mestigators cons
cerned with studies of carcinogens formed by pyrolysss, Kennaway's
classic paper remains a cornerstone for thought (73)

Bue identification of a compound capable of eliciting cancer when
applied upon the skin 1s not 1pso facto evidence thae 1¢ can evert a smular

APfIAR 1RON the racnirarams beace Nar e

mto the lungs s widely dipersed  Tarher in this chapter we commented
upon unsuccessful efforts to induce easeimom by syecnon of poten:
carcinogens 1nto the lungs  In an effort to obitam long-continued appost-
tion of a test substance with the lungs, Hueper (88) ntroduced powdered
michel intrapleurally mto rats  He selected this metal because of the high
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upon 3 rabbur’s ear, was reported in 1930 by Roffo, who subsequently
published a series of papers describing further experiments in which he
observed papillomas and carcinomas upon the skin of that species after
pamung with tars obtained by heating tobacco in an iron vessel, or by
condensing smoke from tobacco burned in a pipe (81) Flory (80),
working with smoke condensates from tohacco burned without puffing
in pipes under connnuous suction, eheited papillomas or “earcinoids” on
the skins of 22 out of 24 rabbits. Mice were much less responsfyve to this
matersal, skin tumiors appeaning in only three out of 22 of them Cigar
smoke tar elicteed papillomas and carcmomas from the shins of rabbits,
but not of mice, m tests reported by Schurch and Winterstein (82). A
high frequency of tumors upon mouse skin has, however, been described
by Wynder, Graham, and Cromnger (79}, who warked with smoke con-
densates from automatically puffed eigarettes, They reported papillomas
on the skin an 59 per cent of 81 mice, and in H per cear, carcinomas
developed. These authors attributed the high carcinogenic potency de-
scribed for thetr matesial to intensive and prolonged dosage. The average
temperature observed by them in puffed cigarettes was 682°C, but tem-
peratures up to 966°C. were recorded.

The chemical nature of the carcinogenic material present in tobacco
smoke condensates, where such has been demonstrated, is unhnown
Claims have been advanced for the identfication of benzpyrene in puffed
smoke from cigarettes (82) and m smoke from cigarette paper (83), but
these clanns are based wholly upon observatians of spectrascopic bands
The chemical compounds that have been posttively idennﬁcd.m tobacco
smoke comprise a considerable Iist (84), but no known carcinogens are
among them excepe arsentc, which presumably derives frumv pesnicides
apphed 1o tobacco crops  Cigarette smoke 15, indeed, such 2 highly com-
plex mixture that substantsal practical difficulty surmounts the production
of subfractions m sufficient quantity for biological tests intended to sen{ch
for specific carcmogenic campounds. In the ariginal effort to “.gmnfy
a4 pure chemical carcinogen m coal tar, more than 2 tor of material was
used before success was achieved  In the case of rchtiw:l)"crudC frac-
fions of materigls contaming low -potency carcinogens, or high-potency
car 1m small logical tests by repeated application to

the skin of mice must often contmue for periods approvimating 2 year
or even longer before tumors can be observed. The time "qumd‘.’and
the relatvelv large amounts of samples needed for such a pmcemurc,
present serious obstacles to research. In our studtes of this Prv” “]“:
therefore, a first objective wis to agtempe to leaen wher}::r any ;ar)
changes occurred in the skm that mught serve as gudes to jndicate frac-
tons otential carci activity

Exﬂfmmmnno;; mouse skin pai:rcd with cigarette smoke condensares
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carcinogen adsorbed upon charcoal particles  The negative outcome of
the tests 15 the more interesting, for Stemer has shown that the careino-
gente activity of benzpyrene, measured by subcutaneous injection, 1s lost
when that compound 1s injected adsorbed upon carbon black (94)
Recently, Vorwald (95) has demonstrated in rats allowed to inhale
beryllium ‘sales that an morgame dust can enter the lungs of animals by
wnhalation and there produce cancers of types resembling some of those
seenmman. Both adenocarcmomas and epidermord cancers w ere induced
mn this way. A severe p has been d i human be-
1ngs exposed to beryllum dusts, but as yet no cases of cancer have been
attributed to such exposure. Tumors have been described by Lisco and
Finkel (96) n the lungs of rats that bad mhaled radioactve cerum, and
these, 1n photographs yet unpublished, appear to have been eprdermord
carcmomas  Therr finding 15 of particular interest i view of the frequency
of lung cancer, notbly epidermoid growths, among workers 1 mines
bearing radioactive ores (1) e have earher in this chapter commented
on Essenberg’s report of an mcreased frequency of fung tumors m mice

fidence m the use of lower anunals for evaluation of the potential car-
cinogenscity of mhaled substances

In conclusion, the several experiments cited to show that mhalation of
agents from the external environment can ncite lung tumors i two
species of lower animals mdicate 4 p PP for ex al
investgations of possible causes of this disease. It 15 curious that potent
carcinogenic hydrocarbons instilled or injected into the lungs i solution
m ol or 1 soft paraffin have almost invarnbly faled to eheit tumors
(carcinomas) of the tissue (epithelim) himing the surface of the respir-
atory tract, but have instead cqused tumors (sarcomas) of the deeper
ussues.  These facts argue that carcinogens whch are presented to the
lungs 1n solution pass readily away from or through the bronchil epi-
thelium and affect deeper structyres. Indeed, when the normal relanons
of the lung are disturbed, as happens m the tisswe transplant techmque
referred to above, then solunons of carcinogens readily elicit carcinomas
from pul 'y epithel These d may etplain why car-
cinomas were obtaned by Andervont when he inserted inte the lungs
threads coated with dibenzanthracene, for the chemical then exited as
crystals, and it may be presumed that some crystals were arrested by
portions of the hning epsthehium.  In planning experiments on lung cancer,
large rewards may be anticipated from careful consid of
the phy sical state 1n w hich test matenals are presented to the lungs  Indus-
tnal physicians and hygieruses are well aware thar the parucle size of
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frequency of respiratory tract cancers among employees of a nichel re-
finery. Tumors resulted mn occasional raes rreated in this manner, but
they were sarcomas rather than carcinomas and sprang apparently from
the chest wall. In unpublished expenments, we have mmplanted nickel
(average particle size 09 ) intramuscularly into mice together with lung
tissue obtained from mouse embryos. The Jung tissue grew well, the
metallic particles bemg intimately admixed withit. T o adenocarcinomas
resulted This procedure, the “tissue transplant technique™ (68), affords
a convenient means of testing materials for carcinogenic action directly
against a vanety of uissues, but jnvolses highly artificial conditions which
do not simulate those encountered 1n nature.” Since the majority of evi-
dence for environmental factors m lung cancer points toward inhalacion
as the mode of enery, nhalation techmiques are therefare of particular
interest to the experimenter

Campbell’s experiments upon the effects of inhalations of sweepings
from tarred roads have already been discussed  An increased frequency
of adenomas was observed by McDonald and Woodhouse (89) in the
Tungs of mice that they exposed to inhalation of dust coltected from ~thc
ar of an Enghsh city. These expeniments as well as the epidcmxolagxcal
data presented m an enswng chapter have focused attention upon air
pollution as a possible environmental factor i lung cancer. Estracts of
dust collected from the air of eight cities in the United States have pro-
duced cancer at the sires of mjection 1n mice (90). Condensates of
exhausts from gasolne and diesel engmes have produced cancer when
apphed repeatedly to the shin of mice. In these later expenments, con-
ducted by Konin (91), the powerful carcmogen 3,4-l)cnzpyrenc‘hns bc{n
identified 1 exhausts from both types of engine. This carcinogen 13
known to result also from the destructive disullaton of coal, The
amounts of benzpyrene n the gir of several English cities have been
measured by Kennaway and Waller (92), who have calculated that 2
man ltving in London for seventy years would inhale i{om the aity arr
about 12.5 mg of benzpyrene, more than six thousand times the amount
required to produce a fatal cancer at the site of injection mto 2 m‘r’m;]t
Like many other polycyclic hydrocarbons, benzpyrene has increased © :
frequency of pulmonary adenomas m mice after mtravenous mjsc:ﬂ‘_
(54), but no expermmental tests have been made upon the cﬁec[s. of ;n ﬂn
g it Indeed, the only expenments thus far reported upon inha 3:?1_
of a powerful pure polycyclic hydrocarbon carcinogen (9,10-dimethy -
1,2-benzanthracene} have yrelded negative resules (93) Th1§ Imc: c?r:l"
pound s the most potent carcmogen known, as judgc.d by xts':ltn ""cnts
induce cancer when applied to the shin of mice, yet in the C\Fcrll]m e
desertbed no tumors appeared m the lungs of mice that had ]’ff;,‘ :; ?‘thc
to hale large quanuties of it. The ammals jn these tests inhaled
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novious dusts plays a large role 1n determining the site of tissue reaction
in the lungs. Thus, the small particles of sificeous dust penctrate and
esert their pathologie effects on the deeper rissues, whereas the larger
fibers of asbestos are arrested i the bronchioles and produce a wholly
different pathologic picture. The known facts gleaned from experimental
studies of sthicosss and asbestosts may prove of much value i future
nhalanion studies of marermls suspected to cause eancer of the fungs
In retrospect, one cannot fall to be struck by the multipherty of factors
that have been found to have etological significance in cancer. Upward
of two hundred chemicals ranging from elaborate organic compounds to
sunple merals (97) have been shown to induce cancer in one or an-
other species  Viruses, drecary defi honmonal imbal: radint
energy, have evoked this disease. 1f there is a single, specific brochemical
lesion that sets i motion the uncheched multiplication of cells that we
speak of as “cancer,” then 1t can be trggered by many agencies  The
fact thar “spontancous” tumors generally anse late in hfe suggests that
cancer may occur as a result of biochemreal difficulties within aging cells
or 1 mechanisms that govern the orderly cellular society of differentiated
organisms.  There can be hieele wonder that the complex chemistry of
living cells or the camplexity of anatomucal organization of many different
cell types 1nto properly funcuonng tissues and organs ean he distuebed
by a host of differing agents  The diversity of agents that have hc'en
found to provoke tumors make it difficult to escape the view that “malig-
nant” change is one of the fundamental types of response to injury. That
snyunies leadiag to cancer may be subtle and particular is made clear by
the minute quantity of some carcinagens necded to evohe them and by
loss of carcinogenic action upon small changes in the molﬁcular steucture
of offending agents. But, when confronted by novious influences, what
1s there for a cell to do but die, or make more or less recovery, of respand
with enhanced vigor, even to the extent of unruly growth? These three
patterns of responsc are fannlar enough m the hives of natons and -
widuals  Recogmition of thewr ewstence upon the cellular lcvc‘l may re-
mose some of the sensc of confusion attendant upon the muteiplicity of

carcmogenic stmult
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Environmental and Occupational
Factors in the Development
of Lung Cancer

E. Cusrer Harnoxn
anp WiLarp MaciLe

INTRODUCTION

One of the most dramatic things that has happened to mankind during
the last century 15 the tremendous drop in age-specific death rates. The
age-standardized rate for adult w hute males 10 the Utnred States dechned
from 2026 per 100,000 1n 1900, to 1635 n 1930, to 1333 1n 1950 The
corresponding figures for adult white females are 1867 m 1900, 1363 In
1930, and 883 1n 1950  Practically all of the decline has been m death
rates from infectious discases, parnicularly diseases of the respiratory sys-
tem. In sharp contrast with the general picture 1s the phenomenal nise
that has occurred n Jung cancer death rates, particularly among males
It 1s significant that there 15 perhaps only one other mportant discase
(coronary heart disease) that increased i age-standardized death rate to
any great extent dunng the same period of tume

Lung cancer was apparently a rare disease in 1900  As recently as-
1933, only 3410 deaths (2252 male and 1158 female) were reported from
this cause 1n the United States In contrast, 21,582 lung cancer deaths
(17,821 male and 3761 female) were officually reported i tus country in
1952, It 15 estimared that the total reached 25,000 1n 1954 Part of the
nise is acconnted for by an increase in the number of old people 1 our
popul However, dardized lung cancer death rates rose as
follows for white males from abour 0.7 per 100,000 m 1914 to 4 6 10 1933
and 22,0 1n 1952, and for white females from about 06 1n 1914 to 2 3 10
1933 and 4 4 1 1952, (See Fig 9) [tis thought that most if not all of
the rise occurred 1 the epidermond and undifferentiated forms of the dis-
case and thar there was litte rise 1 the adenocarcimoma form (1), At

4
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the present tume, the adenocarcinoma form, which is the rarer type, ac-
counts for a much larger proportion of the female cases than of the male
cases

Up untl a few years ago there was considerable debate as to whether
the reported rise in lung cancer death rates was real or whether 1 was due
simply to better dragnosis and more complete reporting It is now gen-
crally agreed that while some of the apparent increase was probably due
to mproved diagnosts, a real and substantul incresse has acrually taken
place (See Dorn (2) and Horn (3).)

At the same trme that the rates have been increasing, 2 change has oc-
curred 1n the shape of the age distribution curves, (Sec Fig. 10 h).)
Unlike most other forms of cancer, the rates decline after a certain age
However, when an analysis 1s made of lung cancer death rates of men
born in the same decade, 1t 15 found that the rates continue to rise steadily
with advancing age  (See Table I (5-7) ) Men born in each successie
decade have had higher lung cancer death rates than their predecessors
when they reached the same age. These trends certmnly suggest that
some new factor or factors causitve for lung cancer were introduced
into the human environment (or else greatly mcreased) dunng the past

b vanine amnam
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LUNG CANGER DEATH RATES, BY AGE & SEX
White Popuiation of the Unifed States, 1914, 1933-1936 and 1945-1948
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TABLF 11
Recpuratory Cancer Deach Rates
White Male Per 100,000 at Attaned Ages
Cohort Born in
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o Co
and females, the relatyve difference betw een urhan and rural rates 1s greater
among males. There 15 some doubt as to whether these differences are
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is not feasble  Nevertheless, evidence can be adduced in several ways
that permuts us, at least 1 certam mstances, ta draw conclustons with a
reasonable degree of certanty,

EripErIoLOGICAL STUDIES

In their simplest form these serve to measure the degree of association
berween rates for fung cancer and exposure fo a suspecred agent  The
finding of an assocration leads to two alternative hypotheses  Esther, 1)
the suspected agent 1s a causauve factor for luag cancer, or 2) the sus-
pected agent 15 taidentally assoctated with some other factor or factors
which are causatve for lung cancer Lack of evidence in support of the
second hypothests serves 1 some measure as evidence in support of the
fist  Additional studies can offer evidence that helps to distinguish be-
rween these altermative explanacions, such as quantitative relationshrp be-
tween magnitude of exposure and ateack rates for lung cancer, finding of
specific lustologic types of lung cancer, associated time treads, shuft of
high attack rates to younger age groups, and evidence of the carcino-
gematy of the agent for man in sites other than the lung  Owing to the
long exposure period (perhaps 15 years) apparently required for initia-
ton of lung cancer 1n man, studies in attack rates followng removal of
the suspected agent are of bmted value owing to the different hife experr-
ence in the tho periods

ANRIAL EXPFRIMEN rATION

The induction of tumors 1n experymental amimals 55 a practice besee with
piefalls, the successful nduction of a tumor 1t 2 mouse can of itself have
hetle weighe in estimanng the carcmogemety of a matenal for man - We
do not know whether man 1s more or less susceptible to the action of
carcinogens than are the mbred strains of nuce usually emploved  Ammal
species vary widely in therr response—even the most effective carcinogens
for the mouse will produce no tumors 1n the monkey (9) Lwidence
for an etiologrc role m the cases of environmental and occupstional cancer
15 therefore hmeed at present to epidemiotogic data exhibinng certam
asociations, patterns, and trends, and to the very dubious inferences
which hase been drawn from the expertmental mduction of tumors n
antmls by application of the suspected materials  The weakness 1o the
latter evidence has been dncussed (10) A further complication 1s intro-
duced by the p d infl of the attril of particle size distribu-
tion, and the degree of adsorption of gases upon particles, m determimng
the effectiveness and locus of action of agents actng upon the lung
Kot {11) has shown that hnowledge of the composition of poliutants
3t their sources mny be misléading since a photochenucally acuse atmos-
phere may produce new products of enhanced activiy.
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In most situations an estimation of any causal role for a suspected agent
is further complicated by the difficulties entailed m e aluating the role
of any individual agent as 2 carcinogen or co-carcinogen, Rusch (12),
Berenblum (13}, and others have pointed our that cancer experimennally
mduced by chemical agenes is a process involving at Jeast two smgc;,
mitiation and promoton.  Instances of isolated exposure to a single specific
agent are almost unknown  Unul such time as we are able to measure
the speerfic roles of multiple agents in the genesis of what we may cal
“carcinogenic situaons,” and to determine the quantitatve aspects of the
role of each as jnciter or promoter, we shall continue to operate in the
areas of susprcion, possibility, and likelihood. It is i these realms that
meurtive, first-person decisions are made. Limited evidence or mere asso-
cation may be, for one person, an adequate basis for assignment of causal
refationship, for anorher obsers er, the data may be quite madequate. This
prohlem has been discussed by Dorn (14) in relanon to cancer and in its
broader scentific aspects by Werkmeister (15) and Braithwaite (16).

AGENTS UNDER SUSPICION

In the scarch for environmental factors that might cause lung cancer,
virttaily the only substances that have come under suspxcion. are d;!ﬂs.
vapors, and gases mhaled by human beings. These may be divided into
three general categories 1) mbalants to which workers are exposed be-
cause of their occupation, 2) general air pollution to which people may
be exposed regardless of their occupation, and 3) tobacco smohmg. They
will be discussed 1n that order.

OCCUPATIONAL EXPOSURES

As a pracucal matter lung cancer associated \\'ithioccupnn'on is e;mmn—
mental in ongin and entails no differing considerations except m the s|:=s
and localizations of populations, and m the mngn{tudcs of cvgc;u efs
imvolved. For thousands of years man has been mmning the mate}:xa sho
the earth and using, refining, or processing them slong wuth sucv o: (:
natural products as have come to tus hand  As 2 consequente, new m.

rials have been formed or pre-gustng substances have been altered xg
state. At times the nagurally occurring e)emcms‘hnv: bren cm\{:ent(r;lt;‘
to degrees unhnown in nature, as n the cases of industrial m]cm s :::1 h;\':
metals of comage. In a dozen or so importane stances, elcm.enn Dave
been processed to enable their wse 1 extremely wide distrl )unou I;‘m
the face of the earth, and eventually mn the agmosphere as :l\:t.h Eor
example, thousands of rons of lead are mmed‘ annually w© bhe rc‘\};:—x\s: «d
as the weathered dust from paints and devices, and in the ¢
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gasohine engines Uranm 15 mined, processed, and redistributed in the
atmosphere as radioactive dusts and gases. In the past hundred years,
man has added to his chemical environment a staggering number of
agents, many ewsting for the fitst ame
Concomitant with these desclopments n the Western world has been
an increase 1n population, wndustrialization, and the growth of urban
centers  The consequence of all this has been to create a chemcal en-
vironment lilke nothimg that man has experienced hefore, both 1n the kind
and magmtude of his exposures. This new chemical environment has
been responsible. m some mstances, for great mereases in rates for known
mdustrial diseases, and 1 others for the creating of new diseases
Certain mdustnial situations, where the exposure of men to a specific
chermcal agent is umque i kind or quanuty, have at tmes exhibited
unusually high attack rates for respiratory cancer among the evposed
workmen (17)  These age and sex speaific rates may be very much
higher than those for groups employed in similar industoes that do not
entail exposure to the idenufiable and suspected agent There exists
anather less well-defined group of occupations, employ ment in which 15
assocuated with abnormally high attack rates for respiratory cancer, but
m which the recognized potential exposures are esther diverse or unde-
PR ' ' 1 .

o mnd Al T B i -

(U238, U235, U234 and products) 15 the only one that has been idicated
as a cause of respiratory cancer (18) “Berghrankhert,” as the Schnecberg
lung cancer was called, 15 of special interest at this tune as the first cancer
atrmbuted to radution, and more sigmificantly as an example of the de-
pendence of bilogical setence upon the general body of science for -
tegratng concepts, general laws, and specal rools essential to the under-
standing of etiologic relanonships  In the sixeenth century Agncola

desembed a disease of the lungs with a high mortahty rate in the mners
St e . PR “er s

years of work 1n the nunes  Of a miung pnpuimnn of 600 to 700 men,
approvimately 22 died esch vear of lung cancer  Koclsch (20) reported
469 deaths of miners 1n the period 1875 to 1912, of which 276 were due
to cancer of the lung A comparatnve study by Thiele, Rostnshy, Saupe,
and Schmarl (21} established that the disease was hmited to the nuners
and only rarely affected other workers n the commumty

Txposure i the Frz Gelnrge nunes 1s mived  The principal ores of
the Schneeberg are the sulfides and arsenudes of mchel and cobalr, and at
Joachumsthal the foregaing plus silver and a hugh content of pitchblende
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and radinm,  The identification of narural radioactivity by Beequerel (22)
&id ot aecur untl 1896, and hnowledge of the carciogenic effects of
radiation was not mailable before the early 1900's. Therefore 1t 15 not
surprising that conjectures as to causal assaciations for the then 300-y ear-
old clinical entity were intuttively focused upon the materials that were
substantively familiar to the minds of the generarion, Principal among
these were arseruc 2nd cobalt.  The consequence of this was that for
many years exposure to cobalt and arsenic was considered to be the most
mportant etiologic factor.  Not unul 1929 did the work of Loewy (23)
and that of Sikl (24) i 1930, first present evidence that the radioactivity
of the ares was the principal etologic agent.  Later reports of the occur-
rence of lung cancer among the processars of radium ores (Baader,
Teleky. and Neitze) (25) have supported this position Lorenz (18) has
questioned the importance of the role of radioactivicy, basing his argu-
ment upon the failure to produce lung cancer in ammals by x and
gamma radtation.  The experiments, however, were not pertinent since
the exposure of the miners was to particulate and gaseous radioactive
materal, the particulates bemng capable of operating with high energy
at point sources, and likely ro be accumulated locally. More relevant
are the evperimenes of Lisco (26) who produced lung cancer in rats by
exposure to aerosols of radiosctive cerum and plutonium.

The nature and magnicude of exposure i the Erz Gebirge mines has
been incompletely defined. Ludewig and Lornser (27) reported the
fallowing composition. silicic acid, 51.00, alumma, 14.65; ferrous onide,
7.15; hime, 12.86, magnesium, 3.20, cobalt mickel arsemide, 6 27. Radio-
activity from uranivm and its daughter products was measured m a
variety of ways Results ranged up to 221 Mache units for the water
in the workmng faces (Teleky (28)). One sample of water contained
3 44 X 10~+ millicuries of radinm.

Chromates. K B Lehmann (29) m 1932, Koelsch (20) in 1938, and
Alwens and Jonas (30) m 1938 descnibed cases of Jung cancer among
chromate workers i Germany and ateribured the disease to eposure 1o
chromates  Alachle and Gregonous (31) . 1948 reported tthr study
of the mortaliry data for 1435 w orkers emplayed i the chromate industry
1a the United States. Among 193 deaths over periods of years (varying
with the plants), 66 were from ¢ .acer and of these 63.6 per cent were
from cancer of the lung  This tigure may be compared with chat af
ol group of mdustrial employees In chromate
f age the mortality rate was up to forry times
trial group, and for workers under S0 years
drace  The median duration of exposure
ears The distribution of cases
bout the same for European

87 per cent (n 2 contr
worhers over 50 years o
that for 2 comparable ndus
of age, seventy tmes the expecte
was 14 § years, the ranges were five to 47 ¥
with respect to duration of exposure was 2
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and Amenican cases,  Studies by Bactyer (32) have mncluded a systemanic
revew of the Inerature, and 2 study 1n 1950 of inaidence based upon
bospuaal records  She reported the accurrence of cancer ot the respir-
#ory tract m 109 men 1n the chromate producing mdustry . and 11 cases
m the chrome pigment industry. The mauitng agent m the producing
wdustsy appears 1o be the monachromates, and m the prgment ndustry,
the chromates of lead and zinc.

Chromm gnd its compounds enjoy wide usc 1n ndustrral pracesses,
n tpplication to pigments and rust preventives, and as catalyst agents
Akhough chrome ulcers and dermatitis may result from the processing
orbandiing of certam of these products, there 15 av y et no epidennologe
edence for the occurrence among users of unusual rates for lung cancers
Sice quantity and duration of eposure are important parameters in the
induction of cancer, extensn e epidemiologic studres will have to be dane
before any carcinogemc hazard to handlers of chromate products can be
Confxdcred s more than 3 suspicion,

Nickel Nichel carbony! has been under suspicion as an maiter of lung
cancer tor many years  Recently, 52 cases of cancer of the nose or nasal
smuses and 93 cages of lung cancer have been reported from one plant
" Eaglind (33)  Data on the exposed populwton was incomplete and
e were noc computed, Similar observations have recently been re-
ported from 4 Norw egian nickel refinery by Loken (34), who saw three
asts of lung cancer The hazard does ot obtan m all nichel processing
?\h“;f No cancers of the respiratory tract have been reported among

orhers at the German nichel refinery at Ludwgshafen Agam, there
,::J;Iu" 1o abnormal rate for respiratory cancer among the Canadian
‘ﬁtcm“m“rs Tt 1s not at all clear whar kinds of exposure mav be
to ¢y 1“ or 1f mchel alone 15 responsible  Attempts have been made
znmi‘“n the differences 1n attack rates among planes by indicting the
o content of ehe sulfuri acid used m certon of the lociniom A>
1 :lzen(c 5 ::s pointed out, the absence of other evidence of exposure

A'fmlm m;_:‘ to myalidate this explanation R
N ough well known as an maiter of shin canc A .

h P1ays 2 weak of not doubtful role n the mduction of lung cancer
o e SuggEe evidence has been offered by Hill and Fannirg (16),
work ,Pnr}:ed that 1 one town m Cnglind w here the pl’mCllevm ustl;l:l
mnce,S the manufacture of arsenic sheepodsp, the mortality rn(]c :r:
of the :nm"g the worlers was double that for the r:m:um;g popu 1(;“5
ot sl 980 The difference in rates was due to increased cancer

M 20d lung On the other hand Snegireff and Lombard (37) m a
“‘:: nZ‘ a meallurgical industry m Massachusetts cnnclud:l\d ;h::‘ T::j
 th signeficant differcnces m cincer mortaliey among workel _de:

¢ handiing of arsenic trniowude  Hueper (35) anterpreted their data



50 TNVIRONMENTAL AND OCCUPATIONAL FACTORS

d(ﬂ'crcnrly, and is of the opinon that prolonged intalation of arsenic
dusts and fumes resulted in an mncreased habilicy: to cancer of the Jun,
He further refers to tus data from several counties in Montana inw hxcé)'w
copper ores of hugh arsemc content are mined and smelted, In these
counties, lung cancer rates were 46, 48, and 145, These n ere compared
with a rate of 52 for an agneuftural county and of 109 for the Unsted
States as 2 whole  The espenence m Suoden is conerary to Hueper's
(Smuth (38) ) In view of the years of study given this problem and the
repeated falures to obtawn definsave and concordant results, it s necessarv
to state that any role that arsenic may play 1 the production of lung
cancer remains to be established T i
Other elements. Hueper (35) has written at length upon the possible
refatronstip bery een exposure to metallic dusts and fumes and respiratory’

cancer. Ar

cadmyum, ¢ i
MerQury, n | L
seleniom, t oo
properties of most 1s either negative, inadequate, or merely conjectura)
Numerous studies aver a penod of many years have established the com-
plete lack of carcmagerme actton of aluminum.  Our own abservations
on workers evposed to beryllum since 1939 {in excess of 55,000 man
vears) hase failed to reveal a single case of bronchogenic carcinoma (39)
Priewmocomosis  Any direer carc effect of the p i
producing dusts 1s extremely doubtful  Since the early report of Fried-
lander m 1885 (40}, the possibility of lung cancer arising from the chrome
inflammarory praceswes of a pneumoconioss fias been under mvestigation
The lack of a significant role for pracesses of pulmonary tuberculosss
and bronchiectasis appears to be establsfied,  Studies by Vorwald (41)
9ud others agree m the conclusion that prenmocomosis in general, and
silicosis m pnrricuhr, du not mvolve ny predisposition of fong cancer
Pulmonary cancer arising 1n cases of ashestosts has been reported by
TWyers (2). Gloyne (43) believes the association to be significant and
ca[xsa), anather, \\'égelms 144, found no carcinoma 1n a study of ashestosis
n Filnd, Although fung cancer fias been reported in autopsies of
asbestotic lungs. there are at present too few cases and too hrtle eprdemio-
logic data to establish 2 sigmficant relavonship.  Interpresations of associ-
ations are comphcared by the differing compositions, associated materials,
and condinons of exposure 1 the varous parts of the word  The dact
at present are suggestis e but inference as to cavsal relatonship 1s not war-
ranted The medical jiterature up to (955 contains references to approvi-
{ cocustence of asbestosss and fung cancer in the

mately sixty cases o

same panent.
Thf occurrence of lung cancer in a case of siderosis has been obsenved
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oceastonally and Vorwald and Karr (45) have reported three cases m
hemattee sminers,  Kennaway and Kennaway (46) have ako obsenved a
2.33-Fold 1acrease in Jung cancer rates among metal grinders  Only siv
cases were found and the authors do not constder a causal connection
as esablished.  Owing to differing working environments and multiple
exposures and the ke, no sigmficance can now be gssigned to che
obsen ation

Orgame compornds. There evists a considerable body of literature on
the vy of orgimie I ds for exp ammals,
Study of the publicanions by Harewell (47) reveals that approximately
25 per cent of organic compounds niyy be expected to induce a neoplastic
response when apphed in the proper dose and fashion to a suitable evperi-
mental ammal A apphied to human lung cancer these results today are
without direct significance

There are however several mdustrtal situanions i which exposure to
certan organse compounds 15 accompamed by hrgh rates tor lung cancer
Kuroda and Kawahata (48) found, 1n 3 siv vear peniod, 21 cases of lung
cancer m a populanion of about 18,000 workers exposed to hor gases from
tar and dusts at the dlminating gas generators in g Japanese steel mull
FEpCT T35 Teports sumilir Fates For Tung cancer among Canadun and
United States tar workers  In the Japanese situation, the duration of
exposure ranged Trom 9 to 23 vears (nverage 16 years)  Hydrocarbons,
(eg, 3ot-benzpyrene} have been isolated from tars and shown to be
active carumogens for the shin of mice—though not for sume ather species,
mcluding monheys (9)

One case of lung cancer and sty tuntors of the paranasal smuses or
Jaryny were reported 1 1952 (49)  The seven cases occurred n a group
of 71 employ ees engaged for more than hive years i the manutacture of
spropanol The nature of the process was such as to enable formation
of condensed unsaturated nngs  In addimon, a high-boting petroleun
ot (Mernill onl) was added to the reaction Speosfic carcinogenic hy dro-
carhons were not dentfied but fluorescence spectra were like those of
pohy nu omitic_hs drocarbons

GUNIRAL AIR POLLUTION

Only a vers small proportion of our popultion 1s employved i mdus-
tries where there are well-established and importane lung cancer hazards
av dosenbed above  However, vrtually the entire population breathes
air which s polluegd in varving degrees by a wide variesy of vrganc

2

substances Among these might be mentioned soot an, s
W, moror e mes, and dust from beununoys-

surfaced rosds and motor vehucle ures, ur pollution” from these and
e
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other sources has been steadily increasing, espectally w utban and indus-
trial areas.  (See Fig 12 (50).) Whenever organic matenial 1s heated
or 15 othery jse subjected to conditions Icadmg to decomposition, carcino-
geme compouads may be formed. This ocours most frequently durng
distT - cracking, or combustion ac high temperatures (usmally above
800°F.). Under these conditions the organic materal fragments and the

L
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var) o
rr:sultmg carbon, hydrogen et g/, will rearrange into a wide :(:nz?’mf
stable configurations that will condense upon coofing. S&moag s th;n}c
be cergnogens. For example. even a simple compound such as mef

acetylene wi er conditions of heanng, yield condensed
or tyle all, upon proper cf

¥ i benzpyrene, G
olvevelic hydrocarbons, incloding 3,4 i
sphalc 1), catalytic eracked oil, and heavy fuel oils are examples of pro

ucts of the processé nioted above, Incomplece combustion m f";'}.i;"ﬂgf
devices, icinerators, otl biFners and mnternal ccmbustmrvl eng ;ecs s been
shown to result in the emssion of hydrocarbons th:xtd\\tnﬂlmn :l('anccr s
m mice (51-53) The sgnificance of this a5 ap;f;he do t\;w%c e
nsan 1s undetermined  ‘The carcinogemc materals (;wun c”:ﬂ oo e they
howes er, are chemucally 1dentical with those found m co. y
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arise from the same kinds of raw matersals that have been treated under
appropriate condimions  Swce coal tar may be asumed to be capable
of inducing lung cancer in man, it is a reasonable mferenice that the
effuents in question may under certain circumstances alse have that
capalulity  Perhaps tius inference can be tested when we have the nee-
essary on des of exg , durauon, and attack rates
for tung cancer in the exposed groups, together with the necessary hnowl-
edge of the other experiences of the cohorts concerned

EFifteen years aga exposure to radioactive matenials was sharply localized
and imohed only a few thousand people 10 the United States  They
were principally engaged in the mining and processing of radioactis e ores,
or were radwlogists or makers of radio tubes, starc elinunators, and
luminous products  The development of fissionabte matter for mulitary
purposes has increased the production of radioactne matenals by many
arders of magnitude, and has resulted i the manufacturng and dwssenna-
tton of a large number of radioisotopes with increaung use 1 industry
and research It may be assumed that adequate safeguards and controls
are i effeet 1 those industries prmanly concerned wich the processing
of fissionable marter and the preparation of radioactive 1sotopes  In
other situations, how ever, there 1 o assurance of control, and responshle
1ndivduals i industries and laboratories using radioacti e materal should
be alert to the dangers of inhalation of particulates

Of constderablv wider interest 15 the posubiliey of ik te the populaon
by general air pollution with radioactive materals It 1s obvious that
factories processing thousands of tons of uramum will have an effluent,
some of which will be rapidly dispersed 1n the atmosphere, and others
n the warers. later to be concentrated iy menine and plant hfe, and
redispersed. Agarn, the testing of weapons will lead to ligh local concen-
tration of radiretine fission products and unfissioned parent materah
m the local agmosphere  \ost will fall eut quichly, and some will remain
to be slow ly mived ynto the ar emvelope of the earth Svstemanc analyss,
however, reveals that any hazard to the general populanion 1s almost non-
exntent insofar as past manufacruring and testng operations are con-
cerned {54)

TOBACCO SMORY

in 1928, § ontbard and Doening (55) o the Masstchuscres Stase Healeh
Department made a study of the smoking haluts of cancer patients as
compared with the smoking habsts of people free of thy disease They
found a much higher percentage of heavy smokers among the cancer
paticnts than among the controly  Thus was particulary true of parents
with cancer of the buccal cwiry  Lung cancer was a comparatncly
rare discase at that ime and was not spectfically mentioned m therr re-
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port  The study was later repeated on a larger scale by the same de-
partment (56} The presious finding for cancer of the buccal cavity was
confirmed, and 1 addinon a muLh higher percentage of smokers was
found among the lung cancer panents than among the controls. No less
than 14 other lndcpendcn( studies of sumlar dcsuvn have been made 1n this
country and abroad  The results, as summmzcd by Dern (57-70), arc
shown m Table I (57)  In every instance, the imesugators found a
much lugher percentage of heavy smokers among lung cancer patients
thin among controls  The magmtude of this difference vaned consider-
ably from :md\- to study  This was due 1n part at least to the fact that
“arions authors have used quite different systems for classifying people
according to their smohing habnts  For enmplc, some considered only
the amount of tobacco consumed per day while others considered the
type of smokung and the number of years of smoking as well as the aver-
age daly amount  Those who classified their subjects by type of smok-
g fownd a tugher association between cigarette smolung and lung can-
cer than between pipe and cigar smoking and this disease W'y nder and
Graham (64) reported that the asociation was largely confined to epr-
dermord carcinema of the lung and that there 1s bttle 1f any association
between smoking and adenocaranoma of the lung (which 1s the Jess
common form of the dnease).

Some ennicisms hive been made of the method used in these studies
Tor this reason, three studies are now being conducted with a totally
different design known as the prospective or follow-up method. The
first findings from two of these studies were reported m June of 1954
Hammond and Horn (71) used yolunteer workers of the American Can-
cer Saciety to obtam the smoking histories of a large number of white
men betw cen the ages of $0and 70 The subjects were from 394 counties
n mine states, namelv, New Jersey, Pennsylvama, New York, Michigan,
haoms, Wisconan, Mumnesota, lowa, and Califoraa Both urban and
rur1l communinies were included  Of 187,766 men successfully traced,
4854 died within approvmately twenty months from the tme they
were questioned  According to the death ceruficates, 844 of the deaths
were due to cancer of which 167 were attnibuted to primany cancer of
the lung s shown on Table IV (71), the lung cancer death rate way
une to ten times 2s ligh among heavy cigarette “smohers as among men
who sad thar they had never smoked  This differcnce 1 smnsucnlh
sigauficant, bue the number of cases » not sufficient to mahe an exact
esnmate of the magmtude of the difference The Tung cancer death rate
for moderate ugarette smobers was about four tmes_as Tugh as among
men who hid nmcumL:d—’lhcrc was no ndication that pipe and
agrr smoking 15 assocnated with the accurrence of lung cancer

Doll and 11t (72) hwe made a prelmuntry report on a smular study
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TABLE IV

Luye Cancer Dratit Rates 51 TysE oF SMOKING AND BY AMOUNT OF CIGARETTE
SwoxinG ar Tz of QuestionivG

Microscopically

All Cases Proved
Reported as | Lung Cancer
Primary (Excluding
T pe of Smohing Popu- | Lung Cancer Adeno-
tation cartinoma)
No of | Death [ No of | Death
Deaths | Rate | Deaths | Rate
Never smohed or occasional onlv 4,001 12 [ w2l 4 91
Crgar and/or pipe smohing but never smohed
agarettes regularly 35,853 12 | 33S| 3 34
History of regular aigaretre smoking 107,82 143 11326 45 | N7
Total 187,766 | 167 | 89| 52 {277
Regular cigarette smoking, Jess than 1 pack
a day 1t ame of questioning 54,799 | 6 (nsr] 17 [0
Regular agarette smaking, 1 pack or more a
dav at ume of questionng 25 497 st 2392 24 941

of 24,389 British physicians (aged 35 and above) followed for 29 months.
The findmgs were 1n essentral agreement with those just described.
These numerous studies have established beyond doubr that cgarette
smoking 15 associated with Jung cancer and that the association increases
with the amount of smoking Much has been written on other evidence
related to the subject For example, the per capitd cansumption of
cigaretres increased as the lung cancer dent}} rate jncreased; a lalrger
proportton of men than women are heavy cigarette smokers and long
cancer death rates are higher among men than among women, nr}d
cigarette smoke condensate has been used to piroduce cancer on the skin
of mice (73). This supplemenmry formation may mc:mv very llmlc
smce exch piece of 1t 15 subject 0 vgrious Interpretations. Nevertheless,
1t is consistent wich the hypnthesxs that cigarette smohing ncrvs as ?nc of
the causattve factors for the development of Jung eancer. No cvndcnc{e
has been found to support any alternative fiypothesis thus fat prop(;\scx
Ve are of the opinion that the high associzfton berween clgar‘cr(e)smo 1:‘13
and lung cancer reflects 2 causatne relanonship- this relationship may

not be 3 simple one.
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SUMMARY

1 The madence of lung cancer has increased greatly during the last
several deca ) e '

2 There T
mates, mche 3 . N
non of lung cancer m a few hmited instances 1m ohving those engaged 1
specific industrial operations, A number of other substances have been
suspected as causing lung cancer sn mdustrial worhers (g, arseng,
asbestos, bery fhum, and other agents capable of producing p
wosts ). DUE in our opinton the evidence for thewr causal rale s tnsufficiene.

3 Large segments of the population are exposcd m sarymg degrees
o air_pollutants  There 1 rexson to suppose this 15 capable of causing
lung cancer sn man but at the present nme epidemiologie evsdence 15 -
suffictent to establish the fact

4 There 1s a Ingh degree of assocnation berween eigatette smohing
and the uccurrence of lung cancer _WWe are of the opinton that cigaretee
stmm’nmm for the development of Jung
cancer

5, The relative contribution of each of the foregomg to the present
merdence of ling cancer 1 ar this tme conjectaral
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Pathologic Aspects
Averit A, Liesow

Important information regarding the etiology of cancer of the lung
has accrued with the years, and especially since an undeniable increase
m the prevalence of the discase has stumulated interest  However, there
15 as yet htle knowledge of the pathogenesis of the various pulmonary
neoplasms  Before presenting a clasufication and description of these
tumors, some general featnres deserve consideration.

CONSEQUENCES OF BRONCHIAL OBSTRUCTION

Most tumors of the lung begin i the large bronchi and soon obstruct
rhm}mm‘plm obstruction
of bronchi may have any of several consequences 1) emphysena when
mspired air 15 trapped by valving, 2) atelectasts when obstruction 1s
cnmplete, or when a valve mechanssm pernuts egress, but not mgtess,
of air, 3) pneumorutiy_jpfection, as 1n any draming tract, charactenisucally
follows obstraction  The pneumonitis may be relatively sitent  In these
wnstances 1t 15 largely interstinal, and the rewdual terminal air spaces
become crowded with fat-laden phagocytes Grossly this tissue has an
appearance that justifies the name “golden pneumants ™ The exact mech-
anusms that underlie this so-called “obstructive preumonits” are unknown.
On the contrary, rather than assuming this subtle form, the pneumonn
may be of a neérnnzmg type  Then it may have as sequels ) hronchiz
ectasis—a resule not of uncomplicated obstruction, but of the orgamzation
of a necrotizing focal pneumoma that 1 ltmately converted into a scnes
of scars, these scars. 1n contracting, pull upon more pronml relatn ely
well-preserved bronclu  Thy traction s probably the most important

n the patt of b t s (1);5) z:l'xs_u_ess results
when necrosis in the lung 1s so extensive that a persistent cavicy remiaias
after argamizauon 1s largely complete or reaches a stable stare  Most

so-called abscesses assoctated with lung tumors are, howexver, not m;ltflm
as wil e

nature, but rather represent cavirations within_tumar_tissue,
Each of these sequels

discussed 1 refation to squamous cell carcinornas.
6
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of obstruction may be accompanied by apprapriate, but sometunes con-
fusing, symptoms and phic signs  In , tumar may
be difficult to ditingursh from many of the scqucls of abstruction

PATHOLOGY IN RELATION TO ANGIOGRAPHY

Recent angiographic studies have focused interest on changes in the
intrathoracic vessels produced by tumors of the lung (2—4). Some of
these are obvious, such as evidence of duplicement, gross strequlanty,
or even obstruction of large ntrathoracie veins with establishment ot a
collateral cireulation  Involvement of man pulmonary artenes may be
smularly demonstrated  Less widely understood, however, 15 the fact
that when fang tssue 1s rendered mmmobile 1t recenes Jess blood - Ths
consequient 1o the very important mfluence of the bellows action of the
thorat in pumping blood  When this action 1 interrupted on one side,
Llood, and with 1t the angiographic contrast medium, 1s directed mfo the
uminvolied side (5)  In nme the vessels on the diseased side tend to
become smaller  \Vith reference to the mumate blood supply of the
wmors, T has now been well estsbhished that pomary_tumors recene
their bluod from the systenuc bronchal arteri system {6-8)  Pulmonary
arteries and veins, on the other hand, may actually be displaced by the
cumor at yts periphery (Fig 13). This nught under favarable cireum-
stances be demonstrable radwgmphxcnll\' as for example by catheteriza-
tion and segmental angiography.  This procedure will not, however,
ditingurh neoplasm from other lesions that also recene bloed from the
aorta rather than the pulmonary vessels, e g., tubercles, or hronchooeme
st It my happen that pre-cuisting pulmonary artenies and vemns
become surrounded by the growing neoplasm although not obstructed,
but this docs not necessanly mply that they recewve blood from these
vessels,  Perhaps this accounts for the dn erse statements thar have been
made regarding the blood supph of pulmonary neoplasms  On the con-

trary, as some have stated, st may be that petastatic tumors recene their
blood supph from the pulmonary artencs (A)  In our StN linnted cxpe-
richce this has not hicen confinned and they have not differed from the
primary lewons n their vasculinzanon from the svstemsc bronchil
arteries (Mg 14) .

LYMPHATIC DRAINAGY OF THI LUNG AND OTHIR
AN ATOMCAL CTATURES ACLUCTING QRPURARWATY

Nat enough of the needed inrensve study has been grnen to the
Tvmphanc dmmazc of the lung m min Obnervations of Roustére 19)
and others suggest that the supenior disron of the fefr upper tobe drams
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)
A

Fig 14 Blood supply of pulmonary metastons from hypernephraid corcmoma
Vinylite cast  Two small pulmonory orteriol branches (lobeled 1 and 2 w the
photogroph) om at on obtuse angle, since they have been drplaced by @ nodule
of tumor A skeleton of bronchial orteries remains ofter the tumor tissue has been
digested away  The feeders of these vessels ore seen extending from the hidum
below ond 1o the right along the bronehi feading fo the iavolved parenchyma
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wodes of the left ade the left pamtrnchea\ group, the node of the
us ArtEnosus, and the teft :\n(cnm\cdmt'mn\ grovp including the node
From other p(m’mns of the 1eft lung, mncluding

the recurrent nerve.
part 1o the sub-

. ynferor division of the upper lobe, Jrainage 1§ in
kg
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fg 13 Diogram of jymphot¢ drainage of the pulmona’Y jobes  ©O" the left side,
seen to Miss the subzunuul qrovp
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ceds 10 the left parulmd\eul chawa ond 10 the node of the duetus
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Regotor G ent ond Prognosts: St

Diagnosis: Treo!™
Mosby Co . 19477
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The mere dcnwnsrmrmn of enlargeg Iymph fodes 1 ¢he Presence of
hronchogcmc CaCinomy does gy fecessanyfy, ndicate 1o
Metastage Umor  Theg, fodes may ), the scqp -
Quent ¢g 4 Preuman, e Process Therr radmgmpluc dmmnsmnon iy
l.lmmag phic techmques” o, n cmphngogmms should therefore not he
interpretey 35 an ney 1table sgn of 5 bagd FOSN0s 1
feature S that creqye, 2 problem the
Surgica] treatmeny of Carcinomg s the Mtumate relation of Certam bronep,
h m as tmlimnly
arcolyp Bissue, hopcfully
Sparating epe fumor, yyep the lung, from the Structures Jog, behing
‘hen syely broncty, e molveq , mrrapcncardml Ipproact ¢, the

vessels dunng pneunmnccmmr Would seep, 10 afford 5 betrer chance of
Cure

ATY PICAL PROLIFER.»\TION AND CARCI.\'O\IA N srry

Know ledge of the inergy STEps 4y g genesys of tmors of the lung s
Tudimengyr, Ty, eV erthelegy (e destrable ro TevIen some Televane
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Fig 16  Atypical prol n pul y tn a thickened septum,
amid the bullae, are wregular masses of squamous cells These suggest merely
excessive prolif with I rather than There is an invasive

4 d i the hy upper lobe of the opposite (left) lung
Compare with Figs 23 and 24
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trregulor but anaplastic
Intercellular brdges

fig 17 A high magnification of a field shawn in Fig :a
squamous epithelium 15 present n masses of conuderoble suze

are well preserved
8
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Approvimately 10 per cent of the pulmonary carcmnomas reviewed by
Fried (14) had concomitant tuberculosis  Cargipoma of the Jung arising
1 assocaation with acuve tubereulosss has been described by Robbins and
Silverman (15), among Bthers. Cageanoma of the lung frequently arises
1 association with emphy sema not related to obstruction by the fowor,

and sometimes after Jong years of obsenaton.

S

o

TN

.; .
Al
Fig 18  Proliferoted epithehal cells of she mucous glands (), within wall of bronch:
ectatic sac  Thase resemble the cells seen [n cerfon bronchial adenomas (150X )

Vinute accumulations of nonsquamoys epithelial cells often oceur in
bronchectras or emphysema, m the hning cpihehum of bronchsoles ar
m the wally of small broncht, and 1 a pesitton suggesting an origin from
the surface cpithelum, or from ntwcous ghinds or therr ducts (16-18),
These cells arc frequently coluninar or avoud, 50 as to suggest anaplanc
carcinona, and they niay poassesy an arrangoinent resembling thar of 2
mertate bronchial adenoma (Tigs 18 and 19)  According to Prior (18}
such changes are found prrniculirly n older age gronps, beyond §§ yeans,
and are more common i wemen They age and sex distnbution alone
mahes it dulwows that any [irge proporton of caranom has izs hass in
these celtulir prohf They are furth so frequent in occur-
rence, that it scems probable thar these prohferations are self-lymted in
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the vast majonty of insta i
2)0rIt) ances, and without maly, it
d ony : gnant potentialities. The
ctual discovery of a ing mmute pul Pcar i is di
ety oo . p Y carcinoma js dis-

Fig 19 Focal otypical epithelal prohferation involving remnant of mucous glond
) m wall of bronchiectane sae (250X )
Another type of atypical prohferation that eccurs in fibrostng disease
mvolves 2 remarkable hyperplasia of the epithelum of bronchioles, and
erther extends into more distal air spaces, or buds into newly formed
granulation tssue, wherem, with the formation of scar tssue, 1t becomes
unpnsoned‘ This Pprocess 1s much more extensive and variegated than
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the common and well-known epithelabization of alvenls (20, 21)  The
epithelial cells in this pracess vary w thes deciation from the history pical

i
£
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Fig 20 Anypical prolferonon difficult to distnguish from bronchiolor toreimoma
Fibrosis with infiltrgtion of the h; Uppermost in the field
1 o broachiole connacted with the four largest of a senes of romifying spoces
These are lined with various types of epithelium  Most hove o hining of toll columnar
aliated and mucws producing cells Lke thase of the bronchiole itself  Others ore lined
by cubaidel or Ratrened nonciliated coll. This process 1s interpreted as repreventing
atypical regeneration with hyperplasia of the epithehum of bronchioles 1n the course

2 V
A
IR

of organizing preumonims

They are often of tall columnar type, some are altared, and some are all

mucus-producing celly of unusual appearance, but quite hke those that

form the predonunant eleinent in the better difesentiated forms of
ing bronchiol (Figs 20 and 21).

&
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Thus 1t appears that there 15 some evidence to suggest that cancer of
the lung may begin as atypical proliferation, but that this 1s the inutiating
leston in any large proportion of bronchogenic carcinomas requires further

R .
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R Lyl &
SR

G \ Loy

s

U

g A%
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LA S
Wri’w'-‘-/q- “
L Vel AR AL
Fig 21 Same lung as ilustrated m Fig 20 Stratified squamous os well os cliated
eprthelium lining other air spaces

proof  Of particular incerest would be evidence thazhsnmcf s&fziﬁcd:tg:lnsrc.

for example a virus, as 1s considered probable fn]r tf tf";;u-

of sheep known as gaagsickre (22, 23), 1s the euol Oglﬁ ':: 1,;:" demon-
“Carcinoma m situ,” or “precancerous mcmp]asm‘& fu:fmmnm o

strated or postulated for many ty pes of ncopl.xsm;l e oy

of this subject was made as carly a2 1935 by Lindberg mm[,‘mn: oot

strated changes of this type not enly i the mucous o 3



PATHOLOGIC ASPECTS 73

10 bronchogenic tumars (Fig 22), but aba in remate bronchi, and m
some mstances, ¢ven of the other Jung. In Lindberg’s expertence definite
imyasion was apparent m a few cases, and 1 v o instances small carcinomas
evsted in additron o the major tumor.  Thete has been confirmation
from other sources (25). Carcrooma 1z stz has abo been found 1w re-
sected Jungs followmng the discosery ot atypical cells 1 the sputum, in
the absence of other histologic evidence of carcrtoma (26, 273

g ’;’&v 5
T

£ 21 Cortmoma m whu  Highly atyprot epithehym in the tamina proprra of @
bronchys thot in the near vicinity 13 the ongin of a truly invosive epidermoid corcroame

Considerable aty prcal proliferation of qomepitheltal tisue has ala been
noted  In some organmzing processes, muscle hiecomes <a abundant chie
the diagnosts of feioms oma has sometimes been employ ed, probably s
tahenhy, since lesser degrees of ths process sre exceedgly frequent (28)
fibrous connectrie tnsue can aho become by perplastre to such an event
s tor suggest tumor formation, and this process as well uswally appears
to be self-imited  Qccasionally, collagened mareral 1s lefe behind as
hyperplasne musele nsue becomes fyalinzed  The change may proceed
within the parenchyvma, or, i polypoid fashion, 1 the lumen of 2
bronchus

CLASSIFICATION

A study of many malignant tumors of the fung has demonstrated that
theie natural hintory depends in some measure upon therr imcroscopic
structure  Since different pares of the same bronchogenic carcmonma
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may Vary mu.rmcnp\c:\\ , the chss\ﬁgntmn 15 made according © the
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Fig 23 A lorge squameys tell carcinoma arising in the upper fobe of o lung know
1o have been emphysemotous for many years The upper lobe bronchus 15 involved,
but the tumor extends for to the center of the lobe, whete 1t probably had 113 onigin
The night upper lobe i3 the seat of the metoplashic process iltustrated in Figs 16 and
7

Fig 24 Microscopic section of the fanrly und, ntoted epidermoid tumoe shown

wFg 23
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forms, that may be caled squamons. celi_carcinoma,  Epithelial pearls
and interceltular bridges may be demanstrable. There are, however, many
tumors much less differentiated than this, but scill easily identifiable as
epidermoid carcinoma, just as there are in the skin, The Ime of distnetion
drawn between some of these tumors and those classified as “anaplastic
carcnoma,” is atbitrary. This explams d s in ding
the natural history of these tumors (29, 7, 30). Patton and his co-workers
{31) have used the term “large cell carcmoma” for a group of tumors
not obviously squamous, and composed chiefly of rather large cells.
These make up 40.2 per cent of all bronchugenic carcinomas in their
series  In therr discussion they state, “We have talen the surprising
survival of some of these patients to mean thac a goadly propartion of
the lesions actually must be squamous-cell carcmoma which are of such
high grade that thev cannae be dragnosed and yet carry over some of the
betrer prognosis to be expected of the squamous-celt type of bronchogenic

f
'
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!
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1

v
1
g
N

i i ty it seen in the mdportion of
Fig. 25. Epidermoid carcinoma A thin wolled cavity i e e warmont

the noht lung  Lateral views demanstrated thiz cavily fo be
of the lawer lobe  Compare wath frg 26
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carcinoma ™ In the present classificatton most of these tumors have been
mcluded with the cpndcrmmd gmup
The d cell

T of the lung has been
apphed by Smeuna, ]\crson, and Swan {32) to a small group of tumors
encountered Jargely among older patients - They consider the growth of
these tumors to be more slow, as evidenced by the tonger duration of
symptoms, generally four to eght years These tumors were sad to be
sttuated more periphernally than mose bronchogenre carcinomas, and
tended to become markedls eveavated (Figs 25 and 26) Hutologically,
they were described as consisting of very Wizarre elements, wath nany
grane cells, the nucles of which are neh in chromatin (F.g 27). The
stroma was reported to be poor o renculum fibers  Since cells of this
spindle type are found m many tumors otherwsse clearly eprdermoid,
and since they are in fact at eanes predommane, 1€ would seem that these
too should be clasufied wath the eprdermoid tumors A careful search
usually 1 rew arded wath the dscovery of some eprdermond trssue i “pleo-
morphte cell caramnoma™ (Fags 28 and 29)

Grossly epidermoid carcinoms appears mast commonls as a pearsshiped
mass (l‘lg 30) of rranslucent pimnk tissue fleched suuth the black of
anthracotie materal and with the (AT ;djm\.uLImLmr_nm it
surraunds wm bull, a lnwnuumm and frequently one or
several orders of branches bevond  Sinee the pulmonany ussue 15 hkeh
to have suffered alteration umscqucnz to obstruction of the bronchus,
1t is usually not possible to stare how much of the roentgen shadow s
actwally twmor  Since the narrower end of the “pear” 1 closer to the
hnlunx. 1t appears probable that the actuat point of ongin of most tomors
15 bey ond the bronchus most provmally snsolved A stalk of temor may
actually present wself wethun the lumen of the bronchus ar the hlar end
of the lesion  Thay can be hicalt
parteularly by the sectronmng techniques, as an abrupt mrtrmpnnn of the
bronchus * Provimal cxeenston may ako be demonstrated microscopicaliy
within the wall of the hronchus deep to the sirface, but uswally not more
than one or two cm, prexmmath of the pruss vimble lesion £33) The
tumor may, haw ever, reappear on the surface provnnl o the mam nms,
with an nrmzular ring of unum alved mucaus membirane betu cen.

Rather than cvpanqu into trsshe surrounding the bronchus of origin,
epidennoid tumors may remain more or less confined to the lanuna propna,
with the replicement of the normal epuhetion by arregular masses of
tumar cells, and the lumen af the bronchus am e minimally narrowed
or oot at all. Broochul dranage may nevertheless be diturbed Iy a
relitnely small lesion of this o pe, the bronchescopic appearance of which
often suggests granalicton tissué rather than ncoplasm  Such a tumeor,
no fess chan a rnnl\ obstructing mass, mav have befund 1t a farge zone




el
7 i
Lo/ A

fig 26 gpdermord caranomd

that 1s more

by the roent

7Ty

134 S A

fo 27 pleamorphie ppeorance of the ©omP

fg 26 e are manY oindleshaP 4 ectis, o4 szocce ©

ment suggestng sarcom® The reticuv s demonsnu\ed Jatle pen® rahon

rgyrophite f0°* gmang e cells

Jedial o5 of the lurd shown n FiS 25
rather gmosth hng with only o fe¥ rou!
b

P




PATHOLOGIC ASPFCTS 79
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Fig 28 Another field Spindle shaped cells are gathered ito small groups,
separoted by abundant stroma  This appearance 15 now more suggestive of certain
epidermard tumors
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Fig 20 Ancther field from the lung slvitrated w Figy 25 10 28, The groupag 4es
appearance of the cells 1 clearly thot of epidermaid carcinoma
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of pncumo.mn's vr ats comphicanon, such as bronchiectasis or absces
Thus the size of the soentgen shadow is not necessarily a guide r;c :ha
size of the actual neoplasm (F 1gs. 31 and 32). There have b§cn unfurruf
nate wstances af delay in surgical treatment, occasioned by attempts €0

Fig 30 An epdermowd carainoma that projects as a polypold moss inta the “inter
mediote bronchus” common to the naht_my lower fobes  Thera Is fibrows
with shrinkage of the sight mddie lohe; the greater bulk of the tumor within the
substonce of the Tower fobe mdicotes an origin more penpherally than the inter-
mediate bronchus where the Yumor was bresenied to the bronchoscope  There 15
scattered anthracate pigment, bs well os focot necrass, 10 the futves

apy suck 4 presumed rumor mass, which in

ther:
3 tissue.

“shnpk” wath radation
reality xcf d bur not
Occasionally a bizarre distnbunon of the lesion may be encountered
radiographicaily, when the tumor invades a somew hat remnre tronchus
by penetrating from a node  Thus there may be an irrcgnh.r’m.ns; it
one lobe, and a wedge-shaped zane of atelectasis ar p in an-

other LFgs, 33-35).
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Fig 31 Epdermoid carcmoma  Shadow 1 the lower lung field sterpreted as
lorgely representing tumar  Irradionhon was <armed out over o seven-month penod,
ond the right lung was then resected (Compare with Fig 32}
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The actual tumer 1s very small ond presents os o

Fig 32 Epidermoid carcinoma
It hos narrowed the intermediate

rough elevation of the surface of the bronchus
bronchus, and extends for a short distance tnta the mddle and nght lower lobe

branches The tumor invades the node between these mojor branches  The middle
lobe hranchus extends to the right and above the node, and o narrowed lower lobe

bronchus extends downward and to the left
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fig 33 Epdermoid corcmoma  Rounded density in the right upper lobe A wedge-
shoped 1one representing otelectaus of the middle lobe with s bate upon the hium,
extends port way 110 the lung field (Compore with Figs 34 and 35)
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Fig 32 Epidermoid carcinoma  The actual fumor 1s very small and presents ot a
rough elevation of the surface of the bronchus It has norrowed the intermediate
bronchus, and extends for o short distance into the middle and nght lower lobe
branches  The tumor invades the node between these major branches, The middle
lobe bronchus extends 1o the night and above the node, avd o narrowed lower lobe
bronchus extends downward ond to the left
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Fig 33 Epidermoid carcmama  Rounded densify n the nght upper lobe A wedge-
shaped zone representing afelectasis of the middle lobe with ils base upon the hifum,
extends part way yito the Jung field (Compare with figs 34 and 35)
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The eprdermord tumors are not confined to the major bronchi, and
may present themselves as peripheral or even subpleural masses  Such
Testons tend to be relaty, ely silent clinically untl the pleura or body walt
1s mvaded. A lung tumor that jnvades the body wall 15 more Likely to

he mass shawn i Frg
Fig 34 Epidermord carcinoma  The posterior position of #

339.5 demon’:'mfed. as well as the densely atelectatic mddle lobe, This fitm 1s printed
In reverse of the usual, for comparison with Frg 35

be a very well-differentiated squamous cell tumor than any ;l)(herdg"gf
of bront;hogenlc carcnoma  Perhaps the reason for thlf 1 tl altl»::] eno-
carcinoma, although more commonly penp}mml m location, 1s 1;{)@5
have metastasized and to have mamifested ltsflf n conscq}:?lnzeﬂ f s
before the body wall has become mvaded  When suchfn ;]\e - (:: e
ated epidermoid rumor tkes ongn 1n the pcnphcx:y 'o ¢ co;x}:(;iucr}:"ﬂ
of the lung, as for example m a tuberculous cavity, inv nswncmmc(msnc
at the upper thoracic mlet may take place. This produces 2
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group of symptoms describied by Pancoast, the superior sulcus or Pancoast
syndrome (34, 35), n which there 15 usually destruction of the sympa-
thettc ganglions with Horner's syndrnme, loss of power i the arm, pam,
edema of the upper extremty, and evidence of destruction of ribs or
vertebrae A stmlar syndrome, of course, may result from any destructie

Fig 35 Epidermoid carcinoma  The primary tumor 15 seen 1o occupy almost the
entire posterior segment af the right upper lobe  Tumor from a lymph node (arrow)
has invaded the muddle lobe bronchus, producing @ high degree of stenosis  The
entire middle lobo Is atelectatic and the seat of “obstructive penumenitis * its pale
appearance controsts with the darker color of the overexpanded anterior segment
that lies above it Below the ongin of anterior segmental bronchus 1s another mass
of nodes that has not sigmificantly eompressed 1t

lesion 1 this portion of the body, but statsncally 1t 15 predomnantly
the il of welt-diff d sq cell carcinoma
Necrosis ly occurs in epad d tumors, especnlly m the
more differentiated squamous forms, and frequently there 15 discharge
of necrotic material with caviestion  Cavities reach a size i excess of
4 cm m dumeter 1n approxunately 20 per cent of epidermoid rumors by
the tme they are seen 2t necropsy. Occasionally the cavitaton far
eceeds this magniude (Ings 36, 37)  Thus carcinoma may have a
araphic apy fif g abscess. Such lesions, however,
rarely have a history or symptomatology appropnate to true abscess, and




86 PATHOLOGIC ASPECTS

they may aceur anywhere m the lung. Thewr walls tend to be relany: ely

thick and are sometimes demonstrably irreguler. The differencal drag-
nosis can he drfficult when the lining 15 apparently smooth, and when rhc

Fig. 36 Epidermoid carcinoma  The region of the superior segment of the left
upper lobe 1s occupred by on obwiously cavitoted mass  In the vpper shird of fhis
cavity there 15 @ roughly tnangulor density with its base vpon the hilum, tnd an-
other, shelfike protrusion 15 seen below it (Compare with Fig 37)

leston 15 located 1n a part of the lung where abscess 1s common, se., m
the “path of aspiration”—the posterior segments of the upper Iobe, and
the superior and basal segments of the lower lobe (Figs 25, 26). Nor
do all pyogenic abscesses have a typical hitory and symptomatology.

Expert cytologic exanunation of sputum or bronchul secretions lS'lmpor-
tant n the differential d when br ic ar other

have failed (1). It 1s remackable that even the most thin-w alled of these
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cavitations associated with bronchogenic carcinoma are usually lined by
an uninterrupted layer of tumor cells

It 15 of course possible that a cavitative desion may consist an part of
necrotic tumor, and m part of necrotic lung  This 15 sometimes demon-

Fig 37 Epidermoid carcmema  The laterat half of the fung shown i Fg 36
viewed from the medial side after resection Nt only the superior segmental
bronchus, but ako the posterior basel bronchus 15 in communmication with the huge
cavitated mass  The tnangular density noted i Fig 35 is seen to be tumor tisue
lipping the superior seqmentol bronchus as it enters the cavity The shelfike pro-
trusion below 15 a similar mass above the communication of the posterior basal
bronchus  Posteriorly (at the teft of the photogroph) there 1s dense white hissue repre~
senting pleura and endotharacie fascia nvoded by the well differentiated squamous
tumar

strably the cansequence of mvasion of bload sessels by the tumor with
farcuon of the lung  Under these circumstances bacteral infection
often 1s superimposed and becomes a complicating and chinically confusing
factor  True abscess behind an obstructing caranoma of the lung 1s rela-
tely uncommon  VWhen the Jesion 15 1n the apical or posterior segments
of the lung, cavitative tuberculosis may be closely stmulated

From recent observations on patients who have been “folloned” after
a questronable roentgen shadow his been demonstrated, and from the
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valuable review by Rigler and his co-workets (36) of eatly survey
films of patients who lager proved ro have ncoplisms, it scems probable
that some hronchogemc carcinotas, especially of the eprdermoid type,
may grow more slowly and have 2 much longer existence hefore ident-

Rounded mass visualized in November, 1950, when

Fig 38  Epidermoid carcmoma h
the patent, @ hospital emplayee, was 69 yeors old. Ths 15 a routme film in an

essentially asymptomatic individual

fvmg symptoms appear than has been rca!xzed m the pa[s’; (Fnar: 38~41).
Their éourse, once the duagnosis is made, is a very \ana‘ E?n .m wos
Epidermord carcinoma may reach an enormous bulk ) co lf Lo
growth when situated in the center of a lobe, withour mv'as[wn[o f o
rounding structures or extrathoracic metastases, and :vehna;‘o 1[: :olt’:m;:l o
ing symptoms of pulmonary dl(S‘C:lSC (Fig. 41). Growt o
walls has already been discussed. ) .
More so rhan}"uhgnant bronchogenuc tumors of l})‘thedr ty K;:;Orr:)csqcﬂ-
dermoid carcinomas, and especully these to & hich t 2 e;xgu mon s
mous is applicable, seem for a long tume to remam confine P
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chyma and to nodes immedately adjacent to the bronchus of origin.
In fact, such nodes seem at first to be enguifed by the primary mass,
rather than entered by lymphatic permeation  True lymphatic exten-
sion ulumately occurs

Tnvolvement of lymph nodes has a definite prognostic significance as

I
- i

Fig 39 Same patient s Fig 38  Film of Jonuary, 1952 Progression in size of
the nadule is demonsirated

indicated by the observations of Carlile, McDonald, and Harrington
(29) 632 per cent of patients survived five years after resecuion when
the regional fymph nodes shawed no evidence of carainoma i routine
microscopic examination, whereas 10 those whose nodes contained tumor,

the five-year survival rate was only 25 per cent
With the growth of the tumor, pulmonary arteries and veins may be
wmvaded, rather than merely displaced  Invasion of artenies usually does
relatn ely hittle harm, bue in some instances there may be infarction of the
lung bevond. Invasion of pulmonary veins opens the entre systenuc
to i I:xpanded 11 ! hial venous channels
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connece with the azygos, and thus with the spinovertebral vems—a path-
way to the bony avis and central nervous system (37, 38),

Although hematogenous metastases tend to appear relauvely late in
epidermoid carcinoma, they nevertheless pursue the same general path-
ways as other types of bronchogenic carcinoma (14, 39). Most com-
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Fig 40 Same patient Film of May, 1954, at age of 73 Tfhe ;’;us:wa; o
grown much lorger At this time the patient comploined only of mi el

ductive of two 10 three tablespoons of nonsangumnous sputum

monly mvolved at the me of necropsy besides the regional lymph nm:;s;
are the Iver, bones, adrenals, and Lidneys. Less frequent 15 n:cr:fd‘c
to the bran, although evidence of neurological disturbance :,gsiomﬂy
first sign of the discase, The pericardium and heart ”e, l?; !
involved, chiefly by direct extension, and the pancreas may

of lymphogenons metastasis, . in i
Favorable effects of rad therapy in pral l;:z::r::;)cmbk.
cressing the comfort of the patrent and rendering certam

i i 25 yer 1o
have been observed clmically with epidermoid carcmoma Tt has )
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be demonstrated that any significant number of cures has been abrined
with radiation therapy alone.  Anatomically massive fibrosis of the re-
gion of the tumor has been observed, with only a small residuam of
altered cells (Figs 42-45) With further advanes m radution treat-
ment, 1t will be of interest to investigate more of these specamens as they
are removed surgically

Fig 41, Abundantly kerotmzed squomous carcnoma with covtation The mass
oceupies the subsuperior and postenar basal segments

Anaph A 1

¢ PP y 30 per cent of the bronche-
geme tumors fall mro the anaplastic group according to the present
classificanon

Vartous opitions ha e been expressed regarding the Instogenesis of ana-
plastic carcinoma  According te one of these, they arne from and re-
taw the characterntics of “reserye cells™ of the mucous membrane, These
are stll Jdarh celly stuired between the basement membrane and the
differentared epithelial eclls of the swrface mto wiich they sre ordi-
minily rransformed  Others have considered the anaplasue carcmomis
to be undifferentiated adenocarenome 1F this 15 true, 1t s strange that
adenocarcinoma occurs sIY tmes more frequenty in women chan does
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Fig 42 Epid o of the lung of chest before begin-
mng of x-ray treatment A polypoid mass of tumor tissue wos visible at this hme
in the left man bronchus near the canna  Atelectans ond massive filtrations in
both lobes of the feft lyng  Trachea deviared markedly to the left.
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Eoe o~ . [

Fig 43 Same patient as n Fig 42 after x roy therapy The mfiltrations have cleared
except from o small potch near the hifum 1n the middle lung field  The trachea has
now returned to its midhne position  The patient was at this time considered operable
ond prieumonectomy was performed
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Fig 44, Lung shown in Figs 42 ond 43 after resection  The anteriar bronchus of

the left upper lobe 15 occupied by o grayon, apparently sold moss.  There Js no
projection of tumor beyond the wall of the bronchus  There is an itregular zone
of “golden pneumonia” 1n the parenchyma beyond
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Fig 45 Micrescopie sechion of the fung shown in Figs 42-44 At the level of section,
the cortiloge of the anterior segmental branchus hay been largely destroyed  The
wall consists of dense fibrous connethve tisue Infiltrated chiefy by lymphocytes and
plasmo cells  Necrotie matenial occupies a portion of the men  There 1 @ hang
of squamous cells, generally 1n a single layer In one region there 1s a large mass
of squamous epithelwm sufficiently anaplastic to be considered residual or regen
erating carcinoma, rather than heaped-up metaplastic epithelium



96 PATHOLOGIC ASPECTS

anaplastic carcinoma. Aloreover, the lateer tends to be central while two-
thurds of ndenocarcinomns occur n scg\ncnm\ pronchus 0F subseg-
mental pronchus e must be admitted that metastases from some 0%
plastic carcinomas may Possess f \\cl\-d\ﬁ'crcnﬁmd
adenncarcmomn (Figs. 46, . however slands ©
\\c\l-d\ﬁercmmed squamous € wichin the most

kg 46 Anaplastic cartinema prin o in the turd 5p(‘nd|‘e°—;hup)ed and
ovoid eells rranged i 10red ¢ masses ond <" T X

and
anaplastic amors (F15 48, 49), ©F the ™! stases may D€ anap\asn; o
the pomary eprd rmord, reverst These ObSEEY ns“supp e of
concept that anaplastic um s posed of ptv : m: P e
granstorma  anto ether tandular OF dermord 1€ phastos: 0% 5ot
monly th Cunoustys m tran lantation € P! ments o o
Tughty und gerentated fo he “0at 1" tume ¢ x“n‘ous o
nal histologic rruct’ aathout d\ﬁcrenml g f vsq nc . ot
(40) there 15 S reservaty duately 3¢ o}:m g
these wumo sumply 35 differentiat® p\de:m d ‘c::ra (‘c o, wlied
“oat €
mong naplastic \)’crlo ;g h N > b
n fact such fumots ¥ onstd-



PATHOLOGIC ASPECTS 97
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Fig 47  Melastasis in udrennl from the tomor iflustrated in Fig 46  Here the tymor

has the of @ well-dif d papiltary
bodies  (Approumotely voox)

with
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Fig 49 Another field from the tumor dlustrated 1n Fig 48 There 1x a group of

squamous cells with distinet tercellvlar bridges, within an wland of anoplashe
carcinoma, {Approximotely 200X )
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Ancther cose

Annplmh( careinoma
Toosely orranged, more elongated, and with more obundent cytoplasm than those

shown In Fig 50 (Approximately 200X )

Fig 51
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redominate in the stem proncht of each 1ungy and rarely occur \myond
the lobar proncht. ruc pery heral TUmors of :\mp\as!ic type 3¢ 15~
unctly wncommon Ty wcally the ssue 15 pale and sranstucent: Necrosis
tends 10 be mirmial and 15 rarely sufficient 1© result in grOsS cavstation

H
'

a med-asnnul mast

g 54 Anoplashc carcmond Right pilar 0088 contnuovs wotl ol W on
hat extends ppwar oward the nec! Notchind 1yp|m\ of care™ mo s vmh A
the Jararal aspect Cotlapse © the nght Jawer lobe as not ccr_urud, bt ¥ e,’md
a recticutor appearance (he penvascio’ regions s099°HS of tymphod ous P9
Compare Wit frg 55

“The nodes are massively involved even whett the poi ary X 0“0‘: :;“):
and this may occur at # me whee the mam pronchus 5 ; ¢ e
pecome o\:stmc(cd. molved es an Tym! aucs € (c‘ e c%nn
co\hr-\l\:e yasses P ~imally along the onchm\ watl, cnfan il
and 10to € duastinal €0 Conseque dy they O oy
as htar MAS es 10 W h the shadows ©! the par':nchym ot Ssh\ar )sm
aodes are 0 us v each othet nd with ¥ Lt of the Iri -

qures (Figs 54, 55)- jon of fym] hatics also Pro 1€ ; pC( “P‘".

about the bmnchovascu\ar ays nd i the f g
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Y 53
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Fig 55 Anaplastic corcmoma nvolving the right stem bronchus, os seen from the
postenior aipest  Lung of patient shown in Fig 54 at necropsy Many lymph nodes
ore involved, icluding the subcarinal, poratrocheal, ond the node of the ductus
orteriosus  The last mentioned 1s seen below the transected aorta  The shape of the
tumor conforms fo that observed in the roentgenogram  The charactershe notching
11 visible  The bronchus has become marked'y narrowed, but s not completely ob-
structed  The generally well-oerated substance of the nght lower lobe 15 seen be-

neath the tumor, but there are streaks and minute nodules of gray fisue representing
tumor within bymphaticy
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for example in the parond It would appear most unhhely chat many
of the milignant lung tumors take ongm m the so-called bronchial ade-
nomas  They lack the lengthy history of symproms of pulmonary dicase
that characteristically accompanies the bronchial adenomr.  Discussion

hg 57 Ad A bulky producing tumor that exponds from the
depths of the wall into the lumen of o large bronchus At the hase of the tumor
there are transitions from normal mucous glands fo neoplashie tiswwe  Compare with
Fig 58 (Approximotely 25X )

refevant to the “cy indromatows™ variety of these tumors 1 presented
below  Turthermore, metastaszing tumors, both of the ¢y lindromatous
and caremaid vancties, scem to retam there ongnal structure. The
problem of distmguisting between b hog d and
broncholar caremomas will be discunsed.

Mucus can be demonstrited m the cells of most (approximately 85
per cent) adenocarcinomis of the lung (423 It may be present 1n a few
cells only, and of the timor comnsts predomunantly of solid masses of
large cells, with rebitnedy few acinar structures, it affers an especially
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valnble disunguishing feature, In some instances acinar structures may
be much more promunent in metastases than in the primary lesion. An
interesting papillary saruant ewsts, that presents all gradations from
regular ingrowths nto the bronchi that may be considered benign, o
rather \nld~lnokmg growths with i\lghly irregufar epithelivm, numerous

t farms from normal
ol Numerous

Fig. 58 Higher
rucous glands to o hned by varable, deeply staming bosophihic cells
plasma cells infilirate among the glands

¢ tumors in other
mitoses, necrosss, and hemorrhage.  As with pap{llar) S O e
sites, concentric lamellated masses of caleific marerial may o
tumors, the so-called psammoma bodies  Mafignant mucnepll e];{v d o
mots sumlar to those of salivary glands (43) may prcs;n( as ‘n; i
bronchial growths  The natural Justory of lesions of these ¢y pc“;“ms Y
pared with the more common adenocarcimomatous rumors, I
be determned, i ) .
Although most of the ad imvolve the " l:;m:: s
1 ;o th
and their immediate branches, relatively more occur penpherally
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15 the case with other histological types (7, +1). These tumars ordinarily
have a pearly gray translucent appearance, and the cue surface is finely
fieched with black anthracone pigment  Grossly visible foct of necrosis
are generally small, and cavitauion, although 1t may occur, 15 relatively

Fig 59 Adenocorcimomo  Routre  Fig 60 Same pahent os in Fig 59,
chest film 10 @ 30 year-old xray tech-  fen months loter  Film of Januory,
mion, asymptomatic of this tme 1953 The moss had increased enor-
Film of March 1952 mously in bulk indicating a rote of

growth much greater than thot of
the welldiflerentiated squomous cell
carcinoma in Figs 38-41 Compare
with Fig 61

uncommon  In particular, cavites in excess of 2 cm are rarcly encoun-
tered A glary cut surface, suggestive of a large content of mucus, 1
sometimes obscrved, Thes 15 enly rarely encountered 1 the gross. De-
spite the peripheral position of adenocarcmoma, the chest wall 1 not
commonly i olied before the tmor his otherwise mamifested atself
Duta regarding the rate of growth of adenocarcinoma before 1t reaches
a chimical level ss diflicult to obtam, bue it would seem from serial films
of “con lestons” that had been unwisely “watched,” that growth 1s raprd
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as contrasted with that of squamous cell tumars (Figs $9-61). Hema~
togenous metastases tend to occur eaely and widely from otherwise sifent
pulmonary lestons. Ther often peripheral position accounts for their
msidons growth withmn the lung, Lymphatic pathways are also not
neglected in metastasis, ’ .

Fig 61 Adenocarcmoma  Some patient as in Figs
sitvated soft bulky mass hes within the anterior basal segment of the right fower tobe
Yhere are small focr of hamorrhage, but without massive covtghon  Lymph nodes
cantaumag metastatic tumer are shown within the hdum above ond to the nght

59 and 60 The penpherally

Bronchioln carciroma (“alveclar cell carcimoia,” “pulmonary ﬂzic{l»-
aatous™).  Recent observatians (45-50), and especially the evensive
summary of Storey, Knudtsan, and Lanrence (51), hne c\panded the
hnow ledge of the ‘natural history of perlpher:xl acmar mors, varewly
called bronchiolar carcinoma, alieolar cell tumor, or pulmonary adeno-
matosis. These are epithehtal steop ¢ differentis-

fastms of various degrees o
tion that seem So periphcml as not o be asociated with any majer
bronchus

The tumer cells appe:

alveol  This has mgg:stcd
This f2ct does nat neces!

re upon the W aths of
may be of “ah eolar
te the histogenesise

ar to be supported 1 Jarge pa
to sume that such umors
el Avtoriet santly indica
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since alveolt may serve as a support for metastatic tumors. When the
sections are viewed with the low power 1t 15 possible in most instances
to demonstrate that the tumor 15 centered about a bronchiole, m such a
manner as to suggest that the bronchiole 15 the ongn of the tumor; that
15, 1t 15 difficult to concenc of tumor ansing 1 alieol to “creep up” mto
the hronchiole, to replace in part 1ts mucous membrane, and to assume
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Fig 62 A bronchiole, the lining membrane of which hos been replaced by otypicol
epithehum n papiliary atrangement Near the upper margi the wolt 1s nterrupted
ond the edge of the epthelial liming continues into the surrounding spaces thot are
tined by umilor cells  The walls of these spaces ore much thicker than those of normal
alveoh

2 dntnbunian within the parenchyma with the bronchiole as the center
(52, 53) (lig 62)  cs quite possible, however, thae this appearance 1
produced by bronchogeme spread of neoplavm  Metastatie neoplasms
may hnve this appetrance and even the lming membranes of large bronch
may be replaced by cumors onginiting elsew here {hgs 63, 64) The
possibibity of successfulls transmutting expermmental tumon tw ntra-
tracherl imoculation has been demomstrated (54) 1o man a “cancerous
poeumonn™ with intace abicol distal to a bronchogenic caramonia 15
occasionally encountered, and 1 further evidence of an aspirat e mecha-
nivm in the spread of tumor (g 65)  Comsequently a focal intra- and
peribranchuiolir ditriiution s not necesanly conclumte as evidence of
bronchtohir ongin. - Some other Ints of evidence, however, sugrgrest that
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Fig 63 Metastahc carcinoma primary in calon, hning o bronchiole and extending
it surrounding air spaces 1n @ manner suggesting bronchialar carcinoma
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Fig 64 Metastahic corcinoma primary in eolon
bronchus has been replaced by metastanc cells

The epithelum of even a stem
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broncholes rather than alveoli are more hhely to be the source of
these neaplasms  The cells of the tumor hase a much closcr resemblance
to those that line ¢ hioles, and more Iy the mucus-produc-
ing cells, than those usually present m alv eolt (Figs. 66-70) When the
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Fig 66 Bronchiolor carcinoma A very well-differentiated tumor supported by a
thioly septote stroma resembling that of alveolar wafls  The fall mucus producing celts
have basally placed counded or flat nucler A mucicarmine stain wos postive
Mitoses are few Tumors with ths structure have been colled “polmonary adeno-
matoss” by some  (Approximately 200 )

braneholes and their ramfications happen ta be met 1n longitudinal sec-
tton, the constancy of postion m relationstup to the order of branching
has been noted m many imances (Fign 71, 72) Thas would suggest an
ongn ar sttn ar these fevels, rather than within alveol or by asprracive
spread (47, 7). Hutchion (47), moreover, has pornted out the prescace
n the dutal resparatory prages of epithelium transtonal between thar
which s normal for the region and thie of the tumor, hhewise 1n a

comant poution, wsually, ncoplastie and histoty preal cells abut with-
out transition
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Fig 67 Bronchiolas carcinoma, another instance. Supporting stroma mmewhha'
thicker  The epithelial eells are more wregular and occur in several layers The
stroma 1s delicate  (Approximately 200X.)
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Fig 68 Brenchiolar carcinema, ancther instance  The voriahon in the epithelium
from Beld to field {s stll greater At one end are less toll columnar cells with less
vesiculor nucler resembling those that usually fine bronchiofes  (Approximately
200% )
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Fig 69 Bronchiolar carcinoma m another mstance  The cells are highly vanable
and are in o popillary arangement  The siroma is denser and thicker than in the
care llustrated in Fig 66  From the same lung that 1s Hiustroted in Fig 62, (Ap-

proximately 200X )
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Fig 70 Bronchiolar carcinoma  The epitheliom 15 closely similar o that of regen-
erating bronchiofes I some fields the columnor epithelial cells possess ciia  Com
pare with the atypical prolferation lustrated i Fig 20 There 15, however, evidence
of invasion of lymphatics with compression of a vessel (near the upper left-hand
corner of the phatagroph! There 1s considerable fibrosis, and a heavy mfiltratior
of Iymphocytes, plasma cells, ond some polymarphonuclear leokocytes
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Fig 69 Bronchiolar carcinoma in emother instance  The cells are highly voriable
and are in @ popillary arrangement  The stromg 1s denser and thicker then n the
case dllustrated in Fig 66 From the some lung thet is illustrated in Fig 62 (Ap-
proximately 200 )
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Fig 70 Bronchiolar corcinoma  The epithelum is clasely similar to thet of regen:
erating bronchiates. tn seme fields the columnar epuhelial cells possess clio  Com-
pore with the atypicol profiferaton dlustrated 1 F1g 20 There 15, however, evidence
of ivosion of fymphatics with campression of @ vessel (near the upper left-hand
corner of the photograph) There 15 considerable fibrosss, and o heavy infilratior
of Iymphocytes, plasma cells, and some polymorphonyclear leukocytes.
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Fi9 69 Bronchiolar carcinoma in another instance. The cells are kh-sl:Lya:ﬂ':"m
and are 1n a popiliary arrangement  The stroma is denser and thicker

61 (p-
case Mustrated 1n Fig 66 From the same lung that s llustrated i Fig
proximately 200% )
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fig 72 Bronchiolar carcmoma  Elongated bronchiofe, met in almost tongitudinal
section, the lining epithelum of which hos been almost entirely reploced by tumor
cells  The wll 1s thickened by imvading ocni, and by the depostion of fibromuscular
stroma contoining smoll mononuclear cells  One branch ferminates n a series of much
smaller channels surrounded by an immense mass of stroma  The broad patency of
the lumen proxmally, the merease m the thickness and presumably in the ngidty
of the wall, ond the apparently blind termination of some branches, correlate well
with the bronchogrophic findings in this disease as described by Zheutlin, Lasser, and
Rigler (58)
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Fig 71 Bronchiok The epithehum of & distal bronchiole is met without
transiton by the epithehum of the neoplosm that is distributed peripherally clong
walls of a respiratory bronchiole Compare with Fig 66 from the same potient
it 13 difficult fo conceive of tumor originating in alveoh os assummng this relationship
to the proximal bronchioles  Such an oppearance, however, could be given either
by aspirative spread, or by the mulhcentric origin of the tumor in the same region
of many bronehioles  Field after field in this case reproduces the appearance llus

trated,
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Fig 72 Bronchiolar corcmoma  Elongated bronchiole, met in almost longitudinal
section, the hning eprthellum of which has been almost entirely replaced by tumor
cells The wall 15 thickened by mvading acwr, and by the deposition of fibromuscular
stroma containing small menonuclear cells  One branch ferminates n a seres of much
smatler channels susrounded by an immense mass of stroma  The broad patency of
the Tumen proximally, the increass In the thickness and presumably i the rigidhty
of the wall, and the apparently blind fermination of some branches, correlate well
with the bronchographuc findings in this disease as described by Zheuthn, Lasser, and
Rigler (58)
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The question of unicentric versus multicentric ongn has been dis-
cussed and has mmportant implications for therapy. There 15 now mo
doubt that at least some of these tumors do not arise diffusely, for lasung
cures have been achieved in some instances by timely resection, shen
the lesion stilf appeared to be localized rndlogriphlcally and at operagon

POV |

The patent had a history of chromic cough with
In Eebruary, 1950, et the age of 44, o zone
vlar markongs n

kg 73 Bronchiolas carcnoma

expectoration of 14 years' durahon
of infiltration n the left lower lobe and some accenfuation of vasc

the nght lung were noted in o chest film

(55, 49, 51}, Qn the other hand, others of these lesions that have !)etn
“follow ed” have shown the persistence of a single focus for a consider-
able mrerval of time, followed by spread to other portions of the paren-
chyma (56) (Figs. 73-77). Cercanly the progressne m olvement o
lung tssue bifaterally 15 the usual ourcome of the disease Jeft \mtrea(;d.
or may even occur after surgical resection, but this 15 nof incontroverty 12
evidence of multicentric ongin It may be explamed on the basis }t‘\
aspirative spread, even when there 15 no evidence of mvasion of :“;
lymphatics, or of extrapulmonary metastasis Storey has wisely [s\ta e
that the burden of proof lies upon ¥ hoever would suppoft the ¢ coh\
of multicentnie origm. But this does nat sule out the possibulicy that this
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levion may 1n some mstances be multicentrie, Two buts of evidence that

have been cited above to support a bronchiolar rather than an alseolar

histogenesis, may be taken also to suggest the possibiliry of multicentric

origin: The constant relationship to certain orders of branching nf (hc
and the plastic changes that Hutch has

as possibly precancerous  The quesuon of multicentric orign of some of

i

Fig 74 Same patient as in Fig 73 Fim of April 27, 1950 A smoll rounded
shadow 15 now well defined on the right side also,

thesc tumors thus remains moot, although others certainly anse i one
facus
Morcover, one type of Yatypieal probferation” that occurs in the
course of organizing bronchiolitis and prieumonitis may be similar to the
d type of I hiol. that in muluple foci 1s
seen widely scartered throughout the lung et such a manner as to make
aspiratn e sprc-xd mast unhkdv i, rhcn, bronchyolar carcimoma does
arise m such aty pical prohiferation, multicentne orign is a distince pos-
sibihity (compare Figs 20 and 70)
it must be admmeted that no sharp distinction has been established and
unncmllv accepted between some perpherally situated bronchngeme
adeno and b h Likely to be classified by
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most path’ologis(s as the former, even when the tumor is subpleural and
not obviously associated wich 2 major bronchus, would be an undiffer-
entiared neoplasm with relatively few recogmzable glands, and one nar
supported by walls of alveol and distal respiratory passages. The term

"bwm_mme cquivalent would be applied to rela-
e

T Ty
o e ]

Fig 75 Some patent as n Figs 73 and 74. Numerous minute nodvlz:' have':&-
peared throughout bath lungs, and seem confluent i the base of the 'el"bwe:Com-
(compare with Fig 76) and in o wedge-shaped zone in the night upper lobe.
pare with Fig 77)
tively well-differ ;
supported in larg
curring i mare ¢ ey
daate type there may be a question of classification  Perhaps the tc’:g:m Y
of late has been to ‘classtfy too many tumors as “bronchiolar C:rcc]c(cd ].n
that seem to pursue more closely the rapidly faral course exp:
bronchi
adenocarcinomas ansing 1n more prowmal bronchi o differen
Bronchiolar carcinoma usually presents as a rdm‘d)]|““I,I,:Mrercd
tiated adenocarcinoma supported by thia strama, generally ;(F:’gs‘ .
as representng walls of alveols, and distal respiratory pas}agc'ndeed o
68, and 71). Upon observarion under low magnification, it 15 i
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Fig 76 Bronchislar corcmoma  Posterior aspect of left lung shown i Figs 73-75
The mass s seen fo consist of multiple nodules that have become confluent on the
medial aspect of the lower lobe and ust above the diaphragm A small cavity has
formed on the lateral aspect of this mass, and @ small thick walled pleural pocket
s seen 10 Jhe Je$ of the antrapulmonary canty  Numerous smaller nodules ore scot-
fered throughout the fung

- ~vu-'{'v.xl7£ -
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Fig 77 Some patient as in Figs 73-76 Many minute nodules are scattered obove
and below the oblterated fissure separating the right upper and middle lobes The
wedge-shaped zone of confluence corresponds to that shown in Fig 75 A smal}
cavity 1 beginning fo form
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dent in some mstances that the mucous membrane of certamn bronchroles
has been replaced by the atypical epsthelium, and thar jr is contmuous
with that of more distal arc passages, mcluding the alveolt (Fig 62).
The wall of the supporung ussue may differ lietle or not at all from
thar to be eapected at the appropriate level, that is, the muscle and elastic
tissue are generally nracy, and the connective tissue is not thichened
(Figs 62, 71)  Cauuon must, how ever, be observed in accepting thinly
septate strama as necessanily representing alveoli, sice this arrangement
has been noted in Iymph node metastases of bronchiolsr carcinoma
(Kmenm (57), also quoted by Hutchison (47).) Some writers have
wnsisted upon stroma of this type as a criterion of broncluolar carcinoma
{46) A marked desmoplastic reactton, how ever, has been abserved m
some well-differentiated tumors that behave as do bronchiolar carcinomas
m general (Fig 72)  Accompanymg such a desmoplastte reaction, there
may be considerable evidence of evudation, the entire Jesion suggestng
ongm of a neoplasm m atypical prohferation accurnng in the course of
a pneumonic process (g 70), .
The epithelium varies from case to case and from place to place within
the same tumor. In some, the cells are of the tall, coluntnar nucus-pro-
ducing type, occurning 1n a single layer, with basally placed rn}xnded or
flattened nucler (Figs 66 and 71). To this tvpe the designation “pul-
monary adenomatosis” has often been applied and the lesion resembles
the infectioys, probably viral, discase of sheep, gargsiekee. Cihated cells
are only rarely observed  Mitoses are extremely rare.  These atypieal
cells may abut without transition upon normal erltated low columnar Im-
g cells of the bronchioles (Fig 71). Hutchison (47) l\flsy howeer,
described intermediate “premalignant” changes  In other instances d[\c
epithehal cells are more varable, mucus 35 scangy or demonstrable only
m an oceasional cell, or it may be entirely absent  These cells niay be
quite bizarre, with wrregular gigantic forms  The epitheliom mﬂ.‘"ﬂ‘[" }::
papullary arrangement or in many layers, and may even conte to :\“
distal air Spaces, w hile the stroma remans intact (Ii!gs, 67-69). .
gradations betw een these two etremes exist even within a smg)cd‘““;r“n—
Surpnsingly, caleification, usually n the form of rounded lamellate "Pf -
moma bodies, occurs 1n almost 50 per cent of the cases, buF 15 usual \ b
extensive and 1s not demonstrable radiographically, Despite these ]“1::}
tons m epithelium there appears to be ne correlation W 1h the cln d
course, even the best-differentiated tumors, such as hn\'c‘betn dtslgn‘:::“
“pulmonary adt " may he 1‘ hz\c chin
studied m an effort to obtam a clue as to the mechanism Of spres ;:; o
the Jung, and mmor ussue has been found within them in o\el“ ) sﬁr-
cent of these lesions At times, structures (for example, vesseh red.
rounded by these lymphaties appear to be compressed or even obliterated.
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fluence in some focr, In past the gross and roentgenographic appearane
of confluence and of vague definition from che surrounding parenchyma
1s gven by mucus asparated into the air Passages even where these are un
mvohed by tumor  “This materal may exude in large quantities when the
ussue 1s incised, as q viscid, glmry flud, and the cut surface may baie 2

Fia 78  Bronchiolar carcinoma, “diffuse’ type  Infiltrating process mvohing the
lower portion of the right lung,

gelatnous appearance ( Fig 79). Inths fom'\. 00, massive nccros;:n ]1:]::::
found, but necross may occur gradually with a more subtle cru' clﬁ
of tssue and loss of sdbsmnce, so that irregular cavities lined by ,:jrn .
preserved tumor tissue result. These cannot usually be seen i X-ray
films

Statements regarding the narural hstory of these tummT1 ::cl‘r::dcl;f ::
the criteria employed in distngusshing penpheral brand enence of 2
noma from bronchiolar carcinoma, and upon ‘\.hcfl‘“ the ﬂpcr:,(imatd\'
large surgical center, ar of an autopsy ser ice, is cited. In app /



fig 79 Bronchiolar caranoma, “diffuse” type  From patient ilustrated in Fig 78
The resected nght fower lobe from a distance appeors completely consolidated
Much of the consolidation is from mucus espirated into the parenchyma, to which
it imparts a trans! glairy and firm

Fig 92 Ovoid mass of homogeneous translucent pink tumor Wissue in the opical
segment of the loh vpper lobs  Thers it 70 svidencs of pocroms
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25 per cent of instances, the tumor i first detected as ; sohery nodule,
bur more than half of the patients hne bilteral scartered lewons when
the tumor is first detected. Sequent) ruentgenogeaphe studics on ap-
pirently isolated Jesions have demonstrared that some e remarkably
stille and extubit htle or no evidence o rrowth over e s of some
vears: Thus a y oung patient reported by Rosemond and ins co-workers
(55) was obseried from 1944 ro 1947, herenpon a resection was per-

P8 80 Unon closer impection of a portion of the tomar seen n Fig 79, mmense
"umbers of very minute nodufes ore ocwally visible  These give the opprorance of
fonfuence o a distance Microscoprcally, these nodules are centsred upon
bronchioles

formed There was no esidence of recurrence three years laer  The
wolated discrere leston, of course, presents the best oppartunity for
tfecting 2 surgical cure, and there hase now been reported some half
dezen patients  ho have survived 10 good health for five y ears following
OVECtomy or even more Jumited local resccrion (55,49, §1)  From data
corrently available, cerean statements regarding prognosis may be made
ptatnely. 1t would appear that the pneumon-like form has a less
Eorable pragnosis ehan the grossly nodular form, I the disease 15
‘““lhple. death wsually occurs ithtn two years, but if there » no evi~
e of recurrence v ithin tw o y cars after resection, the panent 1s irhely
19 remain y el (51). .
he disease spreads wichut the lung not only by merease of the Ollginal
0 DUt also very probably by “aspiration and by fymphatics (Fig
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70).  As mentioned before, the possibility of successfully transmicting
expermmental tumors by intratracheal inoculation has been demonstrated
In more than 50 per cent of of L hiolar ¢ , the lym-
phatics are obviously involved. In addition, the possibihity that the tumor
may anse in new idependent foci within the lung has not been ruled

y .

The line of surgical transechon passing

through tumor hssve lavalving the cammon bronchus of the night middle lobe and nght
Tumor extends into the middle lobe bronchus {upper right),

and within the mucous membrane of all proximal lower lobe bronchs

e
Fig 81 Cylindramatous (adenacystic) tumor

lower lobe 15 shown

out. Extrapul y lymphatic ar | Z
d : f pattents.
are observed terminally. again in approximately 50 per cent of paf

About half of the former are confined to intrathoracic Iymph nodes  The
others are smilar to those observed 1 bronchogenic carcinoma  Most
patients, howeser, die in respreatory failure from progressive replaccmtrllt
of pulmonary substance rather than from metastases, Cor pulmonale
may also occur.,

“}Adenm»m" and cancer of the hmg. There has recently (59, 602
been an outery agamst the imphications of the term “bronchial ndenr;m;'
s 1t has been generally applied The objection has been parncularly
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vehement 1n the case of the cyhindromateus (“adenoid-cystic™) tumor,

a5 ¢ d with the 4" type  The diff between these
tuo lesions have also been emphasized, for example the more central
posttion of the cylind tumor, and especially its frequeas posi-

vron n the traches or mam carina, v et the carcmoid tumor ts very rarely
encountered (61, 7, 62).  The greater mvasn eness of the cylmdromatous
tumor, for example of such structures within the lungs as cartilage, 15
well hnown, as 1s the fact that both tvpes are capable of nietastass,
largely to lular nodes, but occasionally to distant organs such as the hver
According to a recent review (59), the madence of metastases in the
cylindroid type 18 32 per cenr, while 1n the carcmoid tumor 1t 15 95
per cent.  Prognoss for sunwal s much better with the later. This,
however, 15 largely the consequence of the technscal difficults of surgieal
treatment of tumors that 1 olve, or are close to, the canna of the trachea
It has been argued that the cvhindroid varters should therefore be con-
stdered carcnoma It should be emphasized that the clcal differences
berween the cybindroid and carcinord ype are lrgely quanucarne, and
logically, 1f the farmer 1s to be considered malignant, so also should th
carcinoid form

However, these tumors, while not “bemgn,” differ uteerh m cherr
development and course from bronchagenic carcmoma  The history
of symptoms of pulmonary dnease 15 much longer with bronchral ade-
noma, and mav extend over decades. and the curabibity with surgery s
much higher  Aloreover, the prognoss 1s hedde altered by evidence of in-
vaston of such tissues as cartilage, or by the presence of metastases in
hilar iymph nodes, and when tumor 1s of necessity left betund, hfe may
g0 on for many years (Figs 81-85) Pallrative resection to clear the arr-
ways may be repeatedly performed Death from widespread metastases
occurs 1 very few patients with these tumors, perhaps somew hat more
frequently with the ¢y indrord chan with the carcmord type (7, 62)

If these differences from bronchogemc carcinoma are clearly recog-
mzed, the semantic problem assymes little impoitance. 1t 15 clear that m
the schere of nature there are some neaplisms that differ from adenoma,
ver metastasize and myade less vigorously than do most to which the
appellation carcinoma 15 apphed  To this group belong the tumors that
bad best be called bronchual carcinoid or ¢y hndromacous tumors, with-
out reference to “adenomr” or “carunoma "

There are other tvpes of pulmonary tumnors that are deserving of the
destgnacion “adenomis ¢ One of these has 2 papillary strucrure The
papitlae consist of slender branching exrensions of the lamina propna sup-
porting cuboidal or columnar epithelium, with cihated and mucus-
producing elements, and sometmes with focr of squimous metaplasia.
Another has a mucoeptdermord structure that resembles that of certai
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Fig 82 Section through one of the bosselatons protrwding inte the J»m: ]c! !b’:
eomman basal bronchus of the lung shown i Fig 8. The surfoce epif edtumw_
intact  The typical “swiss cheese” pattern of the cylindromatous tumor 15 dem
strated
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Fig 84 Cylindromatous tumor & higher magmification  Multiple fuming are shown
i o mass of glands A miosis 1 demonstrated near the center of the field  The
lumen contains muceid matenal

rs

[ . B
Fig 85 Roentgenogram of chest sevan years ofter resection of the eylindromatous
tomor shown n Fig @1 Desprto the fact that the line of transection during the
bilobectomy passed through the tumor tissue, there 15 no chmieal or radiological ev-
dence of recurrence

133



134 PATHOLOGIC ASPECTS

tumors of the salivary glands (7) (Figs. 86, 87). Malignane variants of
the mucocpidermord tumors also exist.

Sarcoma of the lung. Although responsible for only a fraction of 2
per cent of all mahgnant tumors of the lung, sarcomas require brief ds-
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Fig 86 Mucoepdermoid tumor deep in the woll of a bronchus e
epithelium 1s intact  Large masses of cells surround spaces :emm:mgwmud ot
of the neoplasm are similor 1o epidermoid tumor. This panemf a;u"em o
years 1o date followmng preumonectomy There 1s na evidence of 1

proximately 100 )

The surface
Parts

cussion  Great care must be taken to disungursh true s1rcom;:; f;:r:lﬂ:‘:
polymorphous epithelial tumors. ¢ must also be‘r :’c;t';:‘;l:l:u e
m[mpulmonnry sarcoma s, m fﬂCt, not metastatic l'. A "iphcm] umor
Two gross types of sarcomas euist. The lessl rare 1; nc{‘] . 65-
that appears to have an ongin somew here in the P“’;‘suc )nn'rvm st be
93). It s this form particularly whose connectine t ‘. nﬁ]los( el
established. The second type occurs n the major bronchr,
swvely 1 the stem broncht of the lung.
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bundles  There are numerous mitoses,
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Fig 89 The morgin of the tumor shown i Fig 88 Distal @ spaces have become
mcluded, and the septa among them consist of massed tumor cells
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L.

Fig 90, Sarcoma of the lung Same patient os in Figs 88, a?,hvi;: :nd :jred&:’:
 opical segment of the left upper lobe of a 33-yearold man, who had suf
eprsode of hemaptysis
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fig 91 Sarcoma of the lung Detad of roentgenogeac to demonstcate cyrvilinear
wwdithucent zone near the upper margin of the tumor, analogous to ‘ Cumbo’s sign™
or the "mentscus sign” as seen In echmocoscus disease of the lung  Compare with
Fig 93
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Fig 93 In a more laterat plane of dissection of the tumor shown In Fig 92, a small
branch of the apical bronchus 15 ncluded somewhat tangenhally in the substance
of the tumor, Neor the upper night corner of the phatograph 1s seen a space between
the outer capsule and the butk of the tumor that corresponds to the rodiolucent
“meniscus sign” shown in Fig 91 The connection with the air spaces was apparently
o devious one, and could not be demonstrated by dissechon and probing  The outer

¢capsule also contains tumor tisswe



PATHOLOGIC ASPLCTS 14t

Saccamas, espccnlly those that iohe the scem broncht, occur much
earber in life than do the mall pithelal tumers. According to
Irerson’s (63) review, the peal age inaidence is i the third decade of
Itfe. Int the case of the penpheral tumors the age incidence his tts peak
at approvunately 45 years. In the central form hemorrhage 1s frequently
4 pronunent feature of the chmeal course, and may be massive, or even
fatal The peripheral rumors tend v be more sifent m thest climical onser,
and the history of sy mproms may be as long as seven years

Fig 94 leromyosarcama projecting ifo the lefy mann upper fobe bronchus and
wwalving on adjacent lymph node  There 1 some hemorrhage, but no grosily visible
evidenco of necrasis

Grossly, sarcomas are wsually composed of soft pale tssue, often
streghed with hemorrhage. Int the large bronchy, the tumors ate poby posd
of sessrle and tend to obstruct the lumen (Fig 93)  Large fragments
may be coughed up. Cavitationt does not tend to occur m the periph-
eral tumors, 1 contrast with the poly morphous cell carcnomas

Hl\mlogxc:lly, some of these twunts appear to be differentiated into

spectal tssuey  Some are composed of smouth muscle (6+4), 3nd consist of
fem L 3 ORI g N AR e

sarcoma from pleemorphic cell carcwoma,  An esteochondrosircoma has
been reporred by Greenspan (65)

The prognosis of the sarcoma appears to be selanvely good m conw
Parson with carcinoma  The polypord form i parucylar tends not to
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spread beyond the tharay, although local recurrence may occur. Less
than 25 per cent of the pertpherat forms Whewise exhibit extrathoracre
metastases

The pulmonary parenchyma may ako be the seat of wolatcd Iy mpho-
sarcona that daes not, 1 the earher stages, appear to be part of a general-
zed lympheid msolsement,  As 1 generally crue af prunary lymphosars
coma of organs other than Iy mphoid ussues, the rate of growth may be
very slow, and prognosss appears to be reasanabily guod, even with rather
limted surgical resectron such as lobectomy Turrhcrnwrc, the racio-
senstvity of at least oue tnstance has been demonstrated (66)

Most of the patients waith this lesion are mddle-aged  The twmor
may be asymptanizue, o be discovered by routine roentgen exammation
The radiologte appearance and physical signs are thmc of pulmonary
consolidation.

Grossly, the tissue 15 devord of necrosis and bas 3 pearly translucency
The ussue merges gradually without sharp boundaries into the surround-
g parenchvma.  Histologucally, thes appearance i seen to be the result
of subtle mfileration of tissue about the hronchearterial rays, and n the
pulmonary and interalveolar sepra The componenr cells are small lym-~
phocytes (Igs 94, 97).

Carcinosarcomas  Bergoann, Ackerman, and Kemler (67) have re-
ported rumors wherein both carcinomatous wnd sarcomatous elements
appear to cu-exwt, These are intrabronchual, sometmes poly poid masses
Their prognosss, although established on the basts of very few Cases, hke-
wise seems to be more favarable than that of purehy epitheha] wmors
in one unique mstance, Mlustrared in Frgures 9% and 99, strated muscle
fibers and epethelial cells were mrcrmmg]cd m the tumor, together with
undifferennated hssue Al of the clements were plcnmnrphu and hnve
the of 1. celly

Neoplmns of the renculocmlotl'elml systent mvolving the dung as part
of & generalized process  Since the lungs not only contun lymphowd ne-
sue, hut 1n fact consist m large part of the reticulocndothelial cells, 1t v
ot surpnsing that they should partahe mn neoplasnce probferatons -
volung these tisues  This tavohement is rasely predommanty pul-
monary gs 1n some forms of Hodghm's disene, of in non-fipoid reacafo-
endotheliosss (Letterer-brwe disease) In the latter process the hmgs
suffer nat only an infiltration by the neaplaste elements, but there 1s also
a very gradual erumbling, without obijous necriss, as n the case of
beonchuolar carcinama, sa thae muluple cavives are formed  These are
ofren so thin-walled as to gne the Jung an emphysematous appearance

Why certun parenchy mgl sarcomas should pursue a coune different
from that of ty mphosarcomas apparently ansmg prmarthy within Iymph
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Fio 98 Malignant mixed fomar of lung A field showng grouped oncplastic

r
epithehum and masses of pleomorphic spindle-shaped cells (fumed Wl;h vhz:lf”
mission of Dr Don Alcoft, Pathologist, Santa Clara County Hespital, Sor Jose,
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nodes, 15 unhnown  These tumors a5 they nvole the lung have alrc:dy
been briefly discussed -

Merastatie tumors of the lung  Swce the pulmonary capillaries act as
a filter mterposed berween the systemic vens and the left heart, and
since the fymphatic connections of the lung with the mediastunum also are
nich, 1t 15 not surprismg that the lungs should be the seat of metastases
even more frequently than of pnimary tumors

W are ypically rounded, multiple, pesipheral

£19. 99 Malignant muxed tomor of lung The striations demonstrate the rhabelo-
myssarcomatous nature of one component of the tumor  (Printed with the permission
of Dr Don Alcott, Patholagist, Santa Clara County Hospiol, Son Jose, Cald )

masses  Since necross oceurs frequently, the nodales mav become um-
bilicated.  Whenever muluple tumors are demonstrated within the lung,
they should first and foremost be considered metastatic, unul proved
otherwise  Occasionally tumor embolt may reach the lung in ymmense
numbers within a relatnely short mterval of ume  These then become
necrotic and undergo organzanon  The resultant ohstruction of the
pulmonary arteries nv lead to cor pulmonale

Metastases may somenimes present themselves as large ssolated masses,
oceasonally many years after the evurpation of a distant primary tumor
This 15 Blely to occur 1y with mel and hyperncp
Lafe may be prolonged, or even saved, by resecting such metastatic le-
sions  Confusion with priman neoplisms may oceur, since some meta-
static tumors may mvole bronchy, even of major size  This 1s not rare
With tumors metastatse from the large intestine (especually the rectum),
from the ladney, and occasionally from other organs
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Lymphogenous inteapulmonary spread is typical of anaplastic carci-
noma and of bronchiolar carcinuma arising mn the fung stself,  Meta-
statie tumors of the prostate and stomach, and occasionally other tumors
also, are commanly distributed i the lungs by lymph:ric; In roentgen
films the penivascular markings are accentuated in a radsating fashion, ot
dissimitar to the appearance of advanced passive congestion,

Spread from one lung to anather takes place not only by way of the
lymphatcs that conneet freely across the canna, as well as through the
mediastinal rete, but abso by means of the bronchiat veins. These lead
smto the azygos vem and thus to the right heart, where redistribuzion to
erther lung can occur.
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Clinical Aspects

Epcar Maygr, IsrAEL Rappaporr,
AND Joux LaDur

INTRODUCTION

The early dugnosis of cancer of the Tung still presents a difficult prob-
lem to both general practitioner and specialist. So far the results m
uncovermng the early cases haic been d ppoil in spiee of prodig
efforts in educanng the publte and the medical profession, and m the use
of widespread \-rav survevs  This sirwation undoubtedly accounts for
the present “five-year cure rate” of only 5 per cent.

Discouraging though che present outlook may be, there is ample rex-
son for hope of eaclier diagnosis and treatment. Most pathologic changes
m the lung lead to chinteal mamifestattons that should be detectable erther
by -ray, endoscopy or physical signs.  This requercs our improving an
refiming available techmques, and des eloping new merhods of examnation
and case-finding  Until a brochemcal test is found that will mdicate the
presence of cancer, we must, 1f possible, modify our present mechods
of study so that earber detcetion can be a reality

The path toward our objective can be scen from an analyss of the
factors that cause delay in diagnosis It 1s known that more than ha]f‘of
the patients with lunér cancer have had defimuve sy mptoms for nine
months to a year before trearment. Responsibihity for this delay falls
alike vpon bhoth panient and physicran There are three types of causes
for thuis 1) panients’ falure or reluctance to seek medical advice, 1) .ﬂe-
layed recogrution of “suspictous” evidence by physicians, 3) confusion
of concepts about the cnerta for truly early diagnoss.

As to the first, 1t 15 evident that carly dragnosis demands a method of
seelung the patient rather than wasng for the pacient to scek the physi-
cuan  For the most part, patients are not aware of the insihous s'\'mpmms:
and signs of their early lung cancer. These can be brought to hight only
by careful questioning and examinations on the part of alerted physi-
cians. The obvious answ er therefore lies in perrodic heatth examnanons
The need for this has already been com eyed ublic by acz  em

150 .
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of education, but obviously this effort must not only be vigorously con-
tmucd, but also greatly mtensified

For eather recogrunion of suspicious evidence, the work musc begm
with the general practioners, It 15 up to them to find the potential
cancer case among patients whom they examine peniadically or whom
they often treat for some mild complants  They must be paracularly
wary of the male pavent above the age of 45 who has been a heavy
smoker of cigarettes  \We have meorrectly beheved thit pracutioners
have the ability to recognize patients with carly lung cancer, and that they
can distnguish them from the large number of patients whom they
examune because of some trivial illness with common symptoms such as
cough, cxpectoration, chest pam, malaise, dyspnea, wheeze, etc  Such
discerning abiliey, 1if ever developed, can ¢volve only from years of
expenence 1n studying patients with the greatest care, and thereby devel
oping the so-called “lugh index of suspieron ™

To us this much abused term connotes far more than merely bearmy
i mend that a disease possibly exsts A “hugh mdey of suspicion”
evolies from wide experience in studving detaled histories and correlating
them with pamstaking chinical and laboratory examinatsons  The hnownl-
edge that 1s gathered m this way, we believe, forms a sound basis for
developing this faculty.

Confusion of concepts about the critena of truly eatly diagnosss 15 a
common cause of delaved diagnosis Tt s sull widely believed that diag-
nosss of lung cancer calls for demonstrable evidence of tumor  Revision
of this concept 1s long overdue  \We would urge the acceptance of the
1dea that the presence of the cancer must be suspected long before the
tumor becomes clincally demonstrable.  Therefore one must clne
toward overmterpretation of symptoms and signs  Overnterpretation of
hustory, or of v-ray or physical signs, will thereby powmt the way to fur-
ther diagnostic studies, such as bronchoscopy and cytologic study of
sputum or of tracheal or bronctual aspirates They should lead to carfy
diagnosss, even though such studics may have to be repeated frequently
Oaly by such expenience can we hecome adept n the application of a
“high index of suspicion ”

From the foregaing, we feel, an approach toward earlier duagnosis can
be descloped that should bear immedure results  We therefore suggest
the following

(1) Case-finding campaigns to be waged on a broad scale with col-
laboration of general practnioners, public health nurses, and, to a degree,
the public  Afl potentral cases so uncosered would then be subjected to
mare intensive screening without delay

(2) Revimon of pi day apy h to diag based upon the
awumption that ncipient lung cancer must be suspecred before its pres-
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ence can be recogmzed and that diagnosis involves overinterpreranion of
symptoms and signs hefore these become obvioushy mandest.

(3) Application of Jessons that can be learned by a retrospective review
of our medical records and \~rays for study of our diagnastic errors,
afways bearing 1 mind the question of when and how the dugnasts could
have been made earlier, and hoping thereby to develop an mereasingly
hegher tndex of suspicion.

(4) Increased awareness of the need for~as well as fearlessness of~
eatly explorasory surgery wheneves doubt evists

In this chapter, the followng chmical aspecrs will be discussed,

1. Evolunon of lung cancer

2. Clinical montfestations

3. Phases of cltmeal evolution inctpicnt, carly, and advanced phases
+ Chinical preture of inciprent, early, and advanced phases

5 Chnca] features of nvolsed adjacent thoracie structures )
6 The commoner e\trathoracic metastases

7. Dhagnostic procedures and thewr relayve importance

§ Termmal bronchiolar or alveolar celt carcinoma

Norr An a-ray Adas illustrating typical and atypical features, « tth
their putfalls 1n the diagnostic interpretation of lung cancer, will be found
at the end of this book

t. Exorumion or Lune Caverr

The chatesl mamfestations of lung cancer are determined by its char-
acter, stre of origm, and mode and rate of extension. A brief summary
of nts evolution will ard our understanding of jts signs

Cancer of the lung begins as a proliferation of a few ma X
2 bronchus, branchiole, or alveolus Usuzl]y the Drig'm 15 nmcentric bt
occasionally multicentrie collections of cancer cells are seen in §ctcr:\\
bronchioles simultaneously, which can develop it alvealar carcinont
Many workers feel that €arly 1 the development of Tung cancer. 1}13(;?;
nant celfs do not invade thc'lung but continue to appear ¢ 4 particud
stte (cancer @ mewr}  Not infrequently many such i sité cn!(cin;:r:
are seen m other parts of the bronchial eree when 2 “cl}{mh Zn;
cancer of the lung 1s present nexrby Cliawcally, cancer 17 ::;u cd:»ﬂc «am)-
be diagnnsed when sloughs of ussue are fortuitously obtamed 2o
mned by the Papamcolaou method

The multtude of symproms that may
hegins to grow depends upon the manner of evien
it1se 1) bronchual, 2) contiguous, 3) regional, 4) Jymp!
hematagenaus.  Followng are certain of the morphologic
three phases of 1 evelution®

hgnant cells in

develop ance 2 fung cancer
siom, nareely, & hether
smphagenous, ¢ )
coena of €he
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Ireiprent phase. This varies from a chister of aty picol cells in a wall of
at hus, only recognizable } Iy, to the sutallest tumefaction
detectable by the naked eye

Early phase This begins with the first grossly recognszable growth and
includes the first evidence of mvaston of adjacent structures, viz, exten-
ston of the cancer mnto the wall of the bronchus or through it into adja-
cent pares of the lang

Advanced phase This o the stage n which the cancer has obviously
spread bevond the primary site of ongin and mvohes the hilar nodes,
pleura, or distant nssues

2 CinveaL ManiFpsTAnions

The symproms and wigns of fung cancer will be discussed, msofar ay
possible, from the potat of vien of their pathologsc physiology. Unfor-
tunately , the earlier stages produce at most mmimal distuchance, or none
at alt, 1n the normal tunchons of the lungs, When symptoms do occur
they are usually tranwtory and termutrent, and gcncmll} appear only
after stress such s resnlts from unacewstomed exercse By the time that
a mechanistie explanatton of the svinptoms and signs 15 apparent, the
dusease 15 often maperable. Tmphasts will he given here to some of the
clues that should lead to early dragnosis
“ The chmeal mamfestauons of hing cancer are most varied, and can
and do masquerade as any sud all ty pes of bronchopulmonary disease,
Most bronchopulmonary diseases present themselves in 2 clursctenste
fashion with well-understood chnicopathologic changes, when atypreal
sy mptoms and stgns occur 1n such patients, the diagnosts of cancer of the
{yng should be entertamed  For cw%wwh‘“"
seif wath mandesanons ot chrome bronchitis and ar varving ntervals
Vil exhabne the chrical pictore of Bronchopneumoni, Bronchicetaos.,
brenCRial BHS UL Wit emphssema, nekectasis, abscess, plettni ,_ar
empyemy he diagnusis of hung cancer may of course be made ar anv
Atage, bur frequently there is an maluable lapse of ame between the
appearance of the first symproms or signs and the duagnosis  We shall
accordinghy drecuss the mamy clineal mamfestations, stressing first the
earhest and mare common localizing sy mptoms

Cough When symptoms have ansen, cough s the most common and
usually the fine to appear  In 4110 per ceat of 717 patienes reviewed,
cough was the firt symptom nored and vy present in all dunng the
chnreal evolution of the duease  Cough s s0 common 3 svmprom i amy
mftction of the upper resprratony eract thar 1e 15 often ignored for weehs
or manths by the piuent developimg hung cancer  Unfortunately, mny
physicrans do nor fulls apprecisce the uupartance of & searching study
of the tause of any prolonged cough It 15 parucalarly essentsl ta
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define its cause in the panent over 40 or 45 years of age. The “chronic
cough” of smokers should never Iull our suspicions of lung cancer. In-
deed, every chronic smoker’s cough should be studted intensively at sic
months’ or shorter mtervals. The smoker who has any change 1 the
character of lus cough should be especially subjected to all the diag-
nostic procedurcs for the presence of cancer. Unfortunately, cough s
generally a symptom of all forms of pulmonary disease, and 1ts character
and pathogenesis are often the same for both neoplastic and non-neoplastic
disease,

Cough ss a reflex act, the purpose of which is to keep the airnay free.
It 15 Wiy involuntary, but may be Voluntanly €ontrolléd. It 1 ehcited
by stumulus of the sensory nerve'endings of the mucosa of the respiratory
tract. The most sensttive areas extend from the vocal cords to 2 of 3
cm below the tracheal bifurcation. It can also originate reflely from
the pleura, mediastinum, esophagus, and nasopharynx as a result of ther-
mal, chermeal, or mechanical sumali of these structures  Both the affer-
ent and efferent pathw ays are by way of the vagus and glcssopharyﬂgﬂf
nenes.

Cough can be defined as a sudden forced expiration against the closed
glottis, which s finally opened by the sudden merement of pressure thu;
developed. Ths force exerted by the muscles of the thoras, abdonind
wall, and duphmgm may rais¢ the pressure to 300 m'm. Hg or more
Congh 1s an essential and efficient mechanism for clearing the bmnch\r;—
pulmonary tree of secretions or aspirated foreign matter rhat.nmy ob-
struct the free flow of air It 15 operatite v hen the sclf—c'lcansmg func-
won of the cilary escalator mechamsm 1s unable to cope with the solume
of material m the tracheobronchual tree It 15 obvious tha the .ﬂP‘”mW
pressure must be great enough to move the secretions or forcl,g'ﬂ ﬂ;’g“;
present  Cough will be meffectual when the peripheral bronchi col "
too viscid or adherent secretions, or too Jarge or compact an obsth:‘m
When cough fails to remove the offending subsr:fnce m the trac! :S
bronchal tree, it may produce further irntation, giving rise to PJW‘):M
of coughing  The fatter may so icrease the intrachoracic P“s’::d or
damage to the lungs and ribs, or even vascular injury in the
chest mav resndr .

bronchial tree may be partially or completely obstructed, u‘:“l‘;:;m—
even destroved by the neoplastic growth, These effects c; PR
duced by growth of the tumor from w lthm.lht trachea a?(h: ong o
or by pressure from without from contiguous mvnl\.cmlent [ e e o
Iymph nodes  Cough can resulr from pneumonitis, )]rnnr:m‘c e
lung abscess, distal to the obstructed airway. I olve:



CL'NIC.-\L ASPEC]’S I5g

Pleurs, mcdmstmum. and bony- thoracye Cage my oy he conmbutmg
rs

facto, he Patient vy, lung cancer myy, at firsy Cough only on eler-
ton A dry hack 3 the b, Biinme gye endobiron p, ititation g
come, Teasingty Producriye oo 2 resufy Ss0chited nfection Nar.
% o o Mpressyg, he traches o, large by, Rchos pr, UCes a hary
brassy”e ugh, whyle ad N bronchyy SeR0SIS gy o Tise to 5 Wheez.
NG expiry 0Ty W hoo, ol emene of the Ppleura M2y be a6 Clated v yep
2 panfy] gy, couy Vol emen, of th Superiop medasting, Structyre
" often g, lated v e, 2E0X) smaf o, king 2 Pe of copg| generafy,
nitiated y p, the pavien, Assumes ¢, Telumpen, Posttion Increaseq
Ay Usually acen, S amy of o hove g s of cougp er

¥pes of €ough myy, de elop in tung Cancer, by, “e have descrbeg the
mosy chnmctcnsnc form, The 8 pe of COUgh oftep, afford, 4 clue o the
n 1 ancer

n
CYplaned Persistene Cough, ficther ch.lrncrcnsuc OF Not, pre.

3 tologie Study of Sputum
2 bropcy, hings, and dety) Y Study Recngmrmn of the
"Mportance of this may, lead ¢ the carly diagnog, of lung Caneep
Che, I and g, 'SConfp, T p, ¢ second Moyt frcquenr
S mpeom ©Ompluneq of by Patieny neer Wenry
nd cent of gy Patien, Bave cheg Pam Prese; Ng com,
Plame, by mose 19 dey eloped his Ptom Sometime .
N8 the Loyrye Of the diyeqe, U n1teh, o, b ous SYmpton,
of Chesy duum]fm‘r 'S rarely Mentione py CPorted cyqp f Tung cqn_
cer e are “NVinced ¢ 3 oy Patients p, o " Complane carly in
the coyree o their g, AL onser, (p t dnunmfun 5 cetmg 1
haraceer, and fyeer become, PErs sre, Patiene o, thes 1t 3, a
€hse of fullnes,, ng or Pressure gop, chiefly the af cted sige
fnllmung eerose, ¢han, OSitton, o, '8h, or “eep bregep,
4ddmon 1y hest discomfy, T, Mernmteeny | h ng Precpieare g by sag.
N chang, , ther, y 4 8 againsr epe Wind, o, ous E\lttemeny
trequenty, devel, Intengy, CItent cheg 0 15 an OMINous 5i0n
When fepy houldcrg dle o % and ustrally Ndicares MOperahle
disease 1th un g, Cmene brachyyp Serere pam gy ule
Om exten, ' plewry o i, "M arge from inde; deng Metaseag,,
o the
The capye Of cheyp Pun any dl\umlforr 'S often Obseure unless there 1
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define 1ts cause 1n the pauent over 40 or 45 year, of age  The “chronic
cough” of smokers should never Wl our suspicions of lung cancer. In-
deed, cvery chronic smoker's cough should be scudied intensively at siv
months” or shorter mgervals, The smoler wha fas 2ay change in the
character of s cough should be especally subjected to all the duag-
nostic procedures for the presence of cancer, Unfortunately, cough is
generally a symptom of all forms of pulmonary disease, and its characeer
and pathogenesis are often the sane for both neoplastic and non-neoplasne
disease,

Cough 15 a refley Ac;,,t_hgpgggmf which is to keep the airway free
I tmmmry. but may be Voluntarily Fontrolled ™ It s ehcrred
by sttmulus of the Semsory nerve endings of the mucos2 of the respiratory
tract . The most sensitive areas extend from the vocal cords to 2 or 3
cm. below the rraches) hifurcarion, Tt can also origate refievy from
the pleura, mediastinum, esaphagus, and nasopharynx as a result of ther-
mal, chemical, or mechanical stimudy of these structures.  Both the affer-
ent and efferent pathw ays are by way of the vagus and glossopharyngeal
nerves,

Cough can be defined as 2 sudden farced cvpiration against the closed
glottis, which finally opened by the sudden increment of pressure {huls
developed.  This force exerted by the muscles of the thora, abdoming
wall, and diaphragm may rarse the pressure to 300 mm Hg or m‘;"‘
Cough 15 an esseattal and efficrene mechanism for clearing the brm:nc ll:'
pulmonary tree of seceenions or aspirated foreign mareer rlmt‘ma) ol
struct the free flow of arr, It 1 operative when the self-cleansing func-
on of the ciliars: escalator mechansm js unable o cope with the xolumf
of materal 1 the teacheabronchal teee. e is obstous that the .npxmor)r
pressure must be grear enough to move the secretions or forel;izfl g;u‘t‘:;
present . Cough will be meffectual v hen the peripheral bronchi c o
too viserd or adherent secretions, or too farge or compact an obs(m(‘h .
When cough falls to remove the oﬂ'endmg sublsr.:mce in the m:v;:,:
bronchal tree, ;¢ may produce further eranor')' giving rise 10 pﬂﬁc)(m{
of coughing  The larter may so increase the intrathoracic pressi

! cen v injury in the hesd ot
damage to the Tungs and nbs, or even vascular injury in
chest, may result

: o]
Lung cancer can gnve nise to all known types and g;'ndan;m; Ozfrigl"]::-
This becomes obvions when 1t is realized that any portion o ;c:mrtd, or
bronchial tree may be partally or completely obstructed, l:an be pro-
even destroyed by the neoplastic growth  These ETC‘:“J hronchus
duced by growth of the tumor from withm the t‘r:lc e of the hing ot
or by pressure from wichout from contiguous ""'"1‘.cmfn;mhiecmﬁ; or
lymph nodes, Cough can resulr from P[‘cumuml;& );-|emtnl of the
Iung abscess, distal to the obstruceed airw ay, Imol
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Expectoration. Thys Symptom is less frequently encountered than
coughand Was Listed as 2 firs Symptom i 15 per cent of our serses of
800 patients, but develaped 1 af] patients prior to death from lung can-
cer.  Although not a common first symptom, 1t is almost always asso-

a5 a result of infection distal to the obstructed airway. When the
bronchus is ulcerated, the sputum may be hloody. Thus, sputum n
cancer of the lung can be scant or copious, can appear rusty s In
poeumonia, viscid as n mucapuralent bronchts, or grossly nummular
as 1 bronchiectasis or Jung abscess  Inta these sputa, granulating or
dcg:ncmnng tumors shed neoplastic cells. The mmportance of cytologic
study of sputum and the rechmque of proper collection cannot be over-
emphasized  These procedures are describied in the chapter on evfolative
cytolagy.

Hemopryss occurred as a first symptom m 5.9 per cent of 840 pa-
tients.” If hemoptysis includes blood-seaini g, the incidence of hemapty-
SIS SCCM AC sOMe Period rec ta mearle €0 can e o e "
is second only to brone ) .
orfhage s unusual and i " e
stages Cnmmnnly the panient raises several bloodstained spet
a period of ume, Sudden hemopty sis during the progression of the dis-
ease occurred n a hietde over § per cent of patienes

Hemoptysis results from erosion and_ulceraion of the bm!\c}m] vas
culature by the rumor ﬁc_l_{_ﬂ;ﬂig_rcs_ul_t,of_a;&cwj.mfe.cnﬂn Alas-
Smrcmoinym due co"erosion of a pulmonary artery or vein by tumor
» fare It has been seated thar blood-streaked sputum when seen in l“;
early phase of lung cancer 1s more commonly due to the squamous ccd
wpe, however, this is also the most common form of lung cancer :nh
that which most likely involves the larger bronchi ~ The Pﬂ!'cn‘“ il
lung cancer who has early hemoptysts is fortunate, since few phm:’:‘:‘:
will permit such 3 Symptom to go uninvestigated, .O_nc out of ?E:;vha\e
patients over 40 years of age who has hemoptysis is csnmatfc, :nn ty-
lung cancer. It 15 not our purpose to list the mulnple causes of ‘enm{’ A
sis but only to msist that e ery patient who has bloody expectora
exhaustively studied to rule out the posstbnlity of cancer. upan

Dyspuea  Shortness of breath 15 of special irr!porrancc mas effclc)trsw{’m_
Prognosis, as well as bewng 2 gude m dugnosis and 'trcnm:;ﬂisuch 1o
ably ic always Tepresents a disturbance 1n lung function and a \monary
be "correlated with the clintcopathologic changes causng [p:!)d hen
dysfunction.  Thys aspect of dyspnea will be berter “n.dmd nc o pi-
discussed on the bass of the derangements of llung function “ordm"h
monary cancer to which we are devoting a special chapter. Accordingly

cimens over
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tures are sull unchonged  Paruial stenosts leading to eacly obstructne
emphy sema 15 best resealed in the fluoroscopy by charactensuce shifts of
the medrasnnum with the phases of breathmg  Deratled descnpuion of
these changes will be taken up under the discussion of fluososcopy. The
<-rzy features are most charzcterishic in ads anced bronchial obstruction
during the phase of marked obstructive enphysema or in the final phase
of retracuon of the affected side  (See chapter on roentgen dragnoms )

The symptoms of bronchial obstruction hne already been partally
described  The resulting cough 15 hackmg, uswally unproducnve, and
occastonally parovysmal It probably resuhs from accumulanon of secre-
tons difficult to remove at the pant of bronchiat narroving  Dyspnea
15 commonly present i pattents with bronchil ebstruction and may be
described as a mild sense of suffocation It 1s often difficult to distingursh
from chest discomfort, which 15 wstally desenibed as 2 sense of chest
constriction Wheezing occurs relanvely late as 2 subjective complant
Txpectoratton 1s at first thin and scant, bue then becomes iocreasingly
thich and abundant, and 15 occastonally blood-tinged

¢ prctononns or heed p distat to the pont of
obstruction s so common a feature that its occurrence n the elderly
should lead one to suspect lung cancer Indeed, anv preumoma m a2
patient over 40 vears of age should be carefully studied with sertal
v-ravs  When the obstrucrion has been prolonged, bronchiectasis and
lung abscess are the rule  On rare occasions the arclectatic edematous
hng may undergo arrhotic shrinkage

1t should again be emphasized that bronchial stenoss 1n tes early stages
mav be ble with a normal tel genog! Phvsical exanuna-
oton, however, uncosers a locahzed wheeze at some time in 30 to 50 per
cent of the patients, and i about 10 per cent this 15 an early utial
svmptom and, or physical finding  Such abrormslities should lead to
bronchoscopic 2nd ¢y cologre studies and early eploratory tharacatomy

In their focal extension, cancers of the lung. partecularly thase ongmat-

g m the periphery, will often mvade the adjcent pleura and <= ¢
also myohe overling rbs  The £
RO

1 - o a indication of adianced

v + won pUIOTATY CaNCEr MV Yet prose resectable and there-
fore this finding should ror of rself contrandicate exploration

Plenrat effusion occurs i 25 to 30 per cent of cases and 1s by far the
masT Comion mantfestation of 1t olement of the pleura by Tung can-
ter it way the presenting sy mprom m 0 7 per cent of our cases  Periph-
eral tong cancers are more Bikels to imolic the pleura early, and are
notonotsh e mptomuie untit they have exrended to the pleurs  Tius
event will be marhed by appearance of chest pun as the first ss mptom,
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hacking cough, be subject to mild episodes of asthmatic breattung and
wheezing, and yet have a normal v-ray. It should be emphasized that
both symproms and phystcal stgns of branchial obsteuction ay be fieet-
g and transtory, the fact that they are not always demonstrable shauld
nor be cause for discarding a suspected diagnosis of lung cancer. Yet
3t 1s essential that other causes of wheezing, particularly bronchul asthma,
nl!crng_r_ranh»tm emphysema, bronchial tuberculosis, and can i
cise be ehmynated. T o

The chest may exhine slight asymmetey of movement but palpacion
and percussion are ustally normal. On auscultarion, dminutign of breath-
suunxban@g&mww;dv signs,  Care-
ful auscultaton may ehiost localized wheenng Al these Tindings are
more likely to be discovered 1 the patient is examined after bask ever-
cue. Afild obstruction offers btgle ot no incerference with niovement of
arr at rest but may mcrease the efforr of breathing significantly.  Afeer
exeretse 2 short whistling sound 15 often the first indication of 2 narrowed
bronchus  If the bronchus 15 further obstructed, an expiratory wheese 18
also heard. Both arc more easily ehcired with the patrent lymg on the
affected side.

With severe abstruction the wheeze becomes more persistent, may be
heard over the entirc lung, and is present doring fioth insprrauen apd
expiration BW
af obstructron, g ing rise ca coarse thonehil As the obstruction becomes
maoré mnmmmmmmﬁlongcd and labored, under the
difficuley of forcing arr past the obstruction  Ths resules mn ar-trappieg
behind the stenosed bronchus, producing obstructive emphysema.

When obstruction 15 complete che affected hung disal 1o pomt of fnb-
struction becomes Flled with 1ts own secreron. The trapped ait behiad
a stenosed bronchus 1s absorbed and the fung collapses. The breath
sounds are then absent 10 the mvalved area, the medistnum may ha\;
shifeed to the mvolved side, and the patient may rapidly develap S’F“’h':_
penpheral mfection, the latter leading to the development of bronel
ectasts and abscess.

Obstruction of the trachea cause
larger and smaller bronchi causes ’
usually proportwenal to the degtee of narrowng, o
the ol}n‘t&:ucfum, the lugher pitched are the rhonclt Thcrcfnrc]lcfs ‘:\zl‘
struction is 10 the bronchioles, high-pitched musical Squf"‘mg r; oo
sembling those of asthma arc heard, Bulateral wheeze points to the P
sibility of tracheal invaltement.

Bronchiat obstraction can be readily demsonstraced by ’?""l";,l? ‘::“:
fwaroscopc and x-ray chauges. Careful ﬂuomSAcop_V‘;: P“glm:_r:\- fes-
portant i the early phases of bronchual obstruction when the X&)

o foud stodor, and obstruction 11 zh'e
a wheeze, the intenstty of which B
The more penphers!
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soon to be followed by mereasing chest discomfort, and finally dyspnea
when effusion becomes extensive It js worth emphasizing that in p‘ancms
complaining of chest pain and discomfort the physical signs of early
effuston, particularly diminihed breach sounds, may be found before the
presence of flud becomes demonstrable by x-ray.

Wiile malignant pleural effuston is often an early climcal mansfests-
tion, 1t usually indicates the presence of an already advanced lung cancer
and 1s ordimarily a sign of moperable disease, The fluid aspirated 15 often
bloody but can be clear i any stage and occasionaily chylous Hemor-
rhagie effusions are malignant in nature n abour 75 per cent of cases.
Tumor cells are demonstrable 1 about three out of four patients with
malignane pleural effustons.  Specific gravity and protein content of the
flud are of litle help mn the diagnosis

Pleural effuston at tumes complicates suppurative pneumonitis develop-
g behund an obstructed bronchus.  Although the incidence of empyem
has decreased since the use of aneibiotics, on occaston a small effusion has
led to the discovery of operable pulmonary malignancy, since the pleural
mvoliement was infectious and not mahgnant, Indeed even malignant
but localized involvemene of the pleara may occastonally prove to be re-
sectable  Such “dry” pleural malignant deposits do not therefore contra-
indrcate exploration,

Systemic symptoms. A fact only recently recogmzed is that lung
caniccmfrrqmntly gives rise to apparently unrelated sy stemic $ymp-
toms. These accur frequently enough to be discussed here in the carly
phase of lung cancer approvimatcly § per cent of paticnts complain of
symptoms that can be confused with rheumatoid arthritis. Such patients
have ot _pamns_and mn g&w&qﬂrﬂmh}' and
clubh@gm. Nor uncommonly, aching of multip CJ!’_",'E_“_“ile"g
bones, muscular weakness, sensations of heat and burning n etremttics,
overgrowth™of Subcutaneous tissue m the extremuttes, and/(j gyntu:j-
mastta arc confusing  Thesepatients have repeatedly been mlsdmgn?"ﬂ
as having rheumatoid arthrus or endocrine disorders More recently 4

i g is of
better appreciation of these phenomena has led to an carly diagnosis
assocrared with other

lung cancer. Wc of course also < o
types of chromc pulmonary discase, as well as with congenital hmrtn .
ease, and certain liver and gastrointestinal disorders,  No explanatio!
available to explain the prompe disappearance
festations after the resectron of lung cancer
planation s that these hypertrophic changes are
1 blood flow of the affected parts

Other svstenie nmnifesr:msns include ugerplamned anoresid, hﬁl\ﬁ%ﬁ
weaknes; w-grade fever, mild might sweats oftei involving 1 %hcst

and—a—general-sensc of T t Gt apprehension

dnd necl

of these articular mant~
The most ncccptablc‘n—
due to reflex alrerations
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rare accasions for & few years, and yet the lesion proved resccrable.
Often the parient's tendency 1o ignore minor syniptoms accounts for
the frequent discosery of advanced growths at the ume of first evami-
nauon Berween the everemes of early and late manifestations chere evsts
esery grade of varanon in the extent of new growth and the symprons
and signs presented by the panene.

Far comventence, we will divide the clinical evolution of leng cancer
1nto three phases, namely, weiprent, early, and advanced  In the incipient
phase the maw prablen: is one of arousing *an index of suspicion™ thar
will lead ro dugnosts or qustify evploatory thoracotomy. in the eatly
phase, by definition, symptoms and signs of the disease hase developed,
and the problem evists as to whether the divease I saill resectable once
the diag has been cstablished.  In the advanced phase we are con-
fronted with the praklem of pallutive weatment and termunal care. This
dimiston « aecessanly arbitrary since the transition from one phase o the
neve 15 often mdwstmguishable, bue it s worthw hile for purposes of dis-
cussion and companison to consider the evolution from the standpoint
of these arbitrary pentods .

The mepient phase represents the injtial or prechnical period durng
which the sy mptoms and signs eheited are merely suggestive. The x-t1

shows changes which are questionable deviations from the norml, such
- or enfargement, focal-

' on alofg ine vaseelat
s s sttt dtegectases that may be seen ta come and gu. on senial
x-rays The panent may complain of trivial cough, slight transient chest
discomfort, occasioml recurning faint localized wheeze, ntermin :
vague muscle and jont aches, easv fangninluy..and ocegsional mmm\:\
fover  Bronchn! washings and repeated cyrologic studies of the spuns |
may yield a few abnormal cells It 1s the discorery of severat nnmm?
but mare or less distinct abnormalteses such as just described, that will
lead to early diagnosis.

The early pbmgc 15 established by demonstrating evidenice of dtshtﬂ;i c‘:
the fung with localized physical signs, Y-ray, or bmfxchmcoplc Z a'fhc‘
or by che finding of cancer cclls in bronehal washings or sputm-\d e
symproms and signs can usually be correlated wich the locsuon
of the tamor, . .

The advanced phase presents obviaus stgns of extension, with t;rtf:n:;‘j
plstruction, mvolvement of the pleura, mediastitum, or 3"}“3‘“‘“ sty
cent to the lung, or even distant metastasis.  There are ;]v“,’: o di1i~
bronchoscopic, and phystcal findings that permit relatnely T3P N

15 .
nof!‘;xs casstfication mto three climeal phases of cvt;\,\;nontfd\f“::“i‘;;
yustified by the experience that lung cancers have 2 much long

PO

rermitient
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sequence of events m these and other cases will be found in the Atlas at
the end of this book

Early phase  The early phase, by defimnon, begins when one or more
symptoms are associated with objective physical, radiographic, broncha-
scopic or eytologic changes consistent with lung cancer By then most
pattents will have des eloped annoying enough symptoms, or some signs
of the disease In some instances the symptoms experienced by the
patients are sufficiently marked to bring them ro the physician to seek
help In athers, survey studies, routine chest x-ravs, or the discovery of
changing physical signs may lead to a diagnoss of carcimoma of the lung
Unfortunately, m most cases, these signals may go unheeded for a long
ume There 15 too much procrastnation, first on the pare of pavents
who make lght of their symptoms, or then by physicians who are loath
to take a serious view of apparently tnivial complamnts that at best are
still of doubtful significance  Correct evaluation requires more than the
cursory history-tahing and the usual routine of physical exammation and
fluoroscopy  The physician who 1s wary of the msidious and treacher-
ous onset of lung cancer will be alerted by some of the varied combina-
tions of early symptoms and signs that frequently warn of the possibility
of the disease

The disease mav manifest aself by relapsing febrle attacks of mild
degree, often described by panents a5 “one cold on top of the other”
Close questioning may reveal, m addimon to cyelic recurrence of shight
fever, a cough with or without expectoration, malase with a sense of 1ll-
ness more profound than with sumlar previous grippe-like infections,
and perhaps a persisteat leubacytosis  These may Le followed by m-
creasing fatgability and moderate anemia, with persistent and even pro-
gresstvely clevated erythrocy re sedimencation rate. With each recurrent
respiratory mfection, considerable cough and expectoration can occur
Localizing signs in the chest such as changing breath sounds, most rales,
and persistent thonchn over the affected Jung arca, mav hecome discern-
ible  Fyidence of acure pneumoninis may be noted at fluoroscopy and
wray  Although most of this usually resolves soon with chemotherapy,
another atrack often oceurs in the same or adjacent area before the former
has completely disappeared  The evoluton of thrs clhinical preture may
be nsidious and may develop over a peniod of months )

In another group of patients the chmical evolutnion of this phase 15
even more confusing, mamfesting reself by a slowly progressn e disturbing
cough as the first and only sy mptom  Patients who had a chronic smoker’s
cough previously may now note its changing character  The old cough
consisted mostly of 2 clearing of throat, mornings and evenngs, or of
some cough and expecroranion developing with the progress of the day,
but going 2lmost unnoticed because both patient and famuly had become
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and who perhaps has recently dey eloped a changing cough, questionable
difficulty with brcazhing, together with variation in breath sounds, a
localized w heeze, some loss of muscle tone and shin te\ture, or suggestn e
changes in the nail beds  Closer questioning may then reveal that ths
patient also recently bcg:m to notice such symptoms as malaise, and re-
current muscle aches and pains suggestive of rheumatism. These com-
plamnts and assoctated physical findings will necessarily call for a satis-
factory eplanation, requinng close observation. If the cause is a banal
respiratory infection, the nuld complaints will tend to be transient, If
they persist, observation may reveal an aggravation of symptoms and
signs, during which repeated chest \-ray or tomographic study is apt to
reveal the first appearance of perhaps suspicious streahing, small discrete
denstties, or an irregulanty about the root of the lung in areas where sug-
geste auscultatory changes may have been heard. This pattern of
events should lead to a suspicion of lung cancer in its mcipient phase and
would eall for more detailed study wath all available diagnostic methods
Perhaps special emphasis 1s needed here on the great difficulty of dif-
ferentating these symptoms and signs from those due to other causes
which the majority of suspect patients of this age group are apt to have
Most of them have some degenerauve or other chrome disease, and d.mr
symptoms, combined with those of the incipient new growth, add im-
mensely to the difficulties. Indeed they are often the cause of falure 10
suspect the presence of cancer m tlus stage. R
As has been emphasized repeatedly the climcal picture of nctpieat
lung cancer 15 so elustve that 1t 15 almost always mssed Many clses
accidentally discovered m x-ray surveys are not as mnciprent as they .ﬁm
appear to be  Most of these are not asymptomatic, and detailed question-
ing reveals thar there were sigmificant symptoms for some tme. Tl\;
pentpheral lesions are more commonly asymptomatic and h:fvc prove
resectable 1n most cases, The asymptomatic peripheral carcinonas are
v of the ad type, and becawse of the gher
resectnl:il;(v rate, have a much better over-all pmgnosis. .
There js another group of mctpient cascs I % hich the first signs :;’
symptoms are musinterpreted because lung lesions of ().(hcr asiocnaror
pulmonary diseases are also present, and can Pmduce.smuhr s1g]ns‘mn
symptoms  For example, a newly deseloped early carcinomiatous < i
1 a lung area known to be involved n an old tuberculous pmc‘ts's .-
msintetpreted as a fresh spread of the latter, or 2 umlateral m;:fm
ment of 3 Jung roac due to earliest carcmoma 15 nusinterpreted m }J e
with old cardiac disease because of a previous bout of .congeS“W adure
Other simulac causes of confusion wall be raken up in (hc‘chal";rlﬁ:
differentia) dgnostic aspects  Case hustories with dllustrations ©
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accustomed to 1. The new cough 1s now one w hich persssts almost day
and mght, 1 apt to come 1n spells of continued short hachs, and is difft-
cult to tolerate  Yet even this may be endured for weehs or months
On further inquiry patients or therr family will often recall that this
haching had begun many months previously. The patient may wait
before sceking advice until he develops increasing and persistent chest
discomfort which eventually becomes sssociated with dyspnea. The
advent of an annoying wheeze becoming worse at night and when Iying
on the affected side, the development of severe pam, or the oceurrence
of a frank hemoprysis are more urgent reasons for consulting the physicun.
In still another group the evolution of the early phase takes the form
of an msidiously progressne decline i health associated with loss of
appetite, weght, and abihty to carry on work, with occasional sweats,
palpreatton, heat sensations, especually over the extremnties, and arthralgia
oceasionally associated with myalgrc and neuralgic pains about the at?ected
jomes  These patients seek treatment chiefly for rheumatic, arthntic 2nd
neuntic symptoms.  Among them evidence of pulmonary osteo-arthrop-
athv and clubbmg of the fingers may appear, but gencmlly by then
the cancer has reached the advanced phase.
The chimeal pretures presented by patients mn this early phase are
therefare exceedingly varable and frequently mismterpreted 'l"hc com-
mon erroneous diagnoses are chronic bronchitis, bronchiectasis, prev-
monitts, neuralga, rheumatic myosis, and arthrins  The difficulties
which often arse m evaluatmng these symptoms :mc.l signs wiit be best
appreciated by referring to the ilfustrared case histories sn the Adn.
Advanced phase. By the ume the dmgnos:s of Jung cancer 1s obvious,
the disease has become advanced by virtue of extension into the adjacent
bronchi, medtastinum, pleura, contralateral Iung, chest wall, ce.mcaé
nodes, or distant organs. Such mexorable grow th may l?nd 10 a series O
complications, some baffling and some quite charactenstic brom
Brosnchual stenosss and its sequels, namely, obstructive emphy Sm‘;’,); -
chiectasts, lung abscess, arelectasts, and cancrocirrhosss,® have already bet d
discussed.  Entire lobes or whole lungs may be xnvo)Aved. The aﬁcct;‘
part of the lung first appears h_vpermﬂatcd, then \mhfpro'grcsls]}\:;y‘
sorption of the air, shrinhage (atelectass) deselops. In‘ cc(mnv o
ing degree 1s the handmaiden of atelectasis. Such infection mnt,\hc .
ate in frank suppuration and abscesses of varable extent or P!

of the can-
momnitis may finally termmnate as extenstve fibrotic shrinkage e
g lications result from

cerous lung. Bronchial stenosis and its comp '
uat of

primary growth extending mto the bronchiat lumen with grad

¢ contraction with fi

h and chroruc inflamma

. 2o of
brous induration 0
* A term apphed to the progressiv oy process

the lung mnvolved by mabgnant grow
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(e) Cardmc_mamfestations includmg pericardtal effusion, tachycardu,

arrhythmias, or congestive heart failure developing uwsually as a durect
result of invasion of the pericardium or myocardium  Cardiac involve-
ment l)y direct extension or metastases 15 2 common ﬁndmg ar au[opsy
that often escapes clinical recognition,

(f) Phremic paralysss 1s indicared by progrcssiv: clevation of the dia-
phragm™and a tendency toward paradowcal movement

6. Tur ConimonTR EXTRATHORACIC METASTASES

Clinical mamfestations due to extrathoracic metastases may often pre-
dominate or contribute significantly to the clinical picrure of advanced
lung cancer  Practically all parts and all organs of the body may be-
come the site of metastases The percentage of metastases reported
different organs varses widely n the reports 1n the literature.  Undoube-
edly the more meticulous the pathologic search, the more frequently are
metastases likely to be found This applies particularly in an organ such
as the bram which 15 not routinely examined in some post mortems
Among the more common distant metastases are the followmg

(a) Cerebral metastases have been reported in the widely varying fre-
quency of 40 to 50 per cenr. Involvement of the central nervous sy stem
produced the presenting symptoms in 4 per cent of cases m one study.
These metastatic lesions may simulate the clinical picture of rapidly grow-
mng primary bram tumor, ‘The need to evclude p}'ilm!y lung cancer befm;
operaung on bramn tumors and mn the differential diagnosis of disease o
the central nervous system is now well recognized Recent evidence
mdicates that the vertebral vems draiming the posterior mediastinunt are]
the most likely avenues of metastatic spread to the bram and centrz
nervous system  Afletastases to the bramn are obviously to be e\pectrd
wasmuch ‘as cancer cells are carried directly by fhc blo
brain without passing through the pulmonary capillaries ;

(b) Renal metastases are found at autopsy tn 16 to 40 per cent of pr-
tients with cancer of the lung A sumilar ncrdence of metastases is rIE:
ported to mvolve one or both of the adrenal glands and infrequently
may cause an Addisoman crisis

(’c) Bone mretastases have been reported in 17 to 34 per cent of me:f
dying of cancer of the lung. They occur most C({mmon[y m [hifs}l’l:nr;
ib, skull, and long bones  Occastonally the presenting symptoms g
cancer are due to the bone metastasis, .

(d) Liver mctastases occur 1 30 to 50 per cent of patients dying of
lung cancer, but are usually a late mamfestation of the dlS!.\S? wsgon of

(€) Otber mietastases may at umes be noted m alm0§: 'e‘[ﬂ'} cng psr-
the body  Frequently one finds muluple lymph node involvement,

od stream to the



Ll\'lcu. 1sp)
Chrgy al).rfrl/(‘tlwl When Stengs,y Mal, ¢, Te
pl amnlph):wca/ﬁndmgs. When Mitkegy ay
©adey,
Attig) occluswn of 3 4y, Chyg 511 o
Tise ¢, d:mmuhed Moy, 2 Sou
Yaleq St Mtttz Gty and o,
e ', or Soargs €5 el e e i R e,
mrruu‘:%l hen 4 Mgy bmnclms 15 ¢ ofy ed, the
May o Seen v, Moy e Ongryq the yn, Oheg Side dee,
0 the Pposes op forcey eyp:mnon 1,
ouluded. are, gy h dui!nCs
0% )y, g, 0 Php
 noeg, Uer gha
Trucy,,

Jance J
S Sugy -
© sire |, iy, dug o, Tapneg
emphuem.q ar clecm:s may
S upoy Bree o Uy
Cougp, Poseyea

21fy rlnappear
a

T the bronch
" ahseqy Preayy, $0upg.
} Perre,, KC OF ot
T ¢l umnwl: ed J
s O 3 e
ub(tﬂu



170 CLINICAL ASPLCTS
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Physical findings \Ve bave pucposely delaved discussing the pl\'\'m‘.;l
findings wntil the over-all picture of lung cancer fad been prcscn;’c
At thus pomt we beliese therr descriprion will mere clearly mnducate t ;n'
nmportance tn dragnosts. In the mcipient phase we have shown xh..zt rﬂ;‘
physical signs of lung cancer will most ikely be absent, m the adl:ul,cs]r
stage thev mav be present in such confusing abundance as to serio l
mislead the vnwarv, In the early stages they may or may r;n;
marked  Again, thewr absence does not preclude the presence of ur]!g
cancer and their evanescent character in some early cases unfnr[un:ltc,"‘
may cause prolonged tempornzing One of the chfef wlu’cs »nf“;]“,}
physical signs 15 that when detected and not explainable :11:}
least prompt the examnng physician to resort to -ray st ‘;cs i the

In the earhy and advanced phases the vanety of physical fin mg; i
chest depends Iargcly upon the presence, degree, and duration of
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creased or absent tactile fremitus over an involsed lung, coarse rhonchi
over an obstructed bronchus, tenderness of involved ribs or stermum,
espeenally elicited on pressure, and a2 large nodular liver possthly indica-
tne of metastanc disease. )

Percussion may elicit signs of_dullness or flatmess due to atelectasis,
pleural !hicke‘rlggktx_[‘&uld’ﬁ&‘/ﬁiom"y a hrge mmc 2
flat woody percussion note  Hyperresonance is often ehcieed with ob-
structve emphysema,  Displacement of the heart and wideming of the
mediastinum may be detected by percussion,

Despite our strong emphasts on the value of the v-ray in pulmonary
disease, the stethoscope can still play an important part in detection of
lung cancer  On aquscidration, dimipution of breath sounds over one or
more lobes with localized w heezing should suggest in the aged the possi-
bility of cancer by indicating brotchial narrowing, . Flucruating rales
that are heard on one CEHTH%ETTTI“‘;;’@;H ang?f\x;’gg\mc
further study, Absent breaih sounds may indcate completé bronchial
abstruction or pleural effusion  Large ;mm_may.gingise_[gincnhud
bronchial breathing, transient bronchial breathing suggests recutrent
preumoniis—IA general, we may say that 2 combiaation of Aaried
ausculratory physscal findings with a tendency to change from duy to
dav, and with no known disease to otherwise account for them, should
at least suggest the possibility of lung cancer.

Laboratory tests for panents suspected of cancer of the Jung should
melude 1) those determmnations which are an integral part of any com-
plete medical examnanion, 2) special exammations which may aid in
establishing & diggnosis of pulmonary cancer, such as c;:to)ng;\'; 3 5nrcl}
for possible metastatic disease, and 4) tests to determine the adequacy
of pulmonary function (see chaprer on functional aspects). In the dis-
cussions on the chmcal and differential diagnostic aspects of lung cancer
as well as mn varwous specialty chapters, reference is made 1o tests which
may be of dugnostic ad, It merely remains, therefore, to commeat
brléﬂv here on certain pornts not mentioned e]scwhcry.

Anena 15 rare m uncomplicated bronchogenic carcinpma bu
caused by the secondary infection or metastane dusease. g

Leucocytosss of varying degree 15 common, due to superimposec in-
fection. Qccasionally a very tugh white count is nnr:d., this requires
differentiation of a leukemoid reaction from true Jehemia. ;

Erythracyte sedumentation rates may vary widely and are of brtle value
in differential diagnosss. .

nAnH:Jcmmd au‘i‘lmc phosphatase suggests the possibibey of bone o
hepatic metastases, 17 not-eapluned by f)tl\er discase mnd]}mﬂsnf el

Flioroscopy Fluoroscopy may occasionally lead to 5“5}"”‘:: orted 10
nant pulmonary disease even when a routme chest x-ray 15 rep

¢ may be



CLINICAL ASPECTS 173

be essentially normat  Systematic and menculous flnoroscopy should be
practiced as a part of every medrcal examination  ft supplements both
the physical and v-ray, by ding obsers ation of the move-
ments af the chest and the structures within it an relanonship to one
another,

Fivoroscopy 15 of real value 1n the dragnosis of early Jung cancer of
ma‘or‘m‘hfr which so often leads to obstnrction when the stenosis
begins to tnterfere with the free flow of arr on one side of the chest
With respiration this will be reflected by changes 1n poswion of the
mediasinum, producing so-called medistinaf shift  As air flow Jags
the blocked lung, s¢ wil fail to expind and fetract simultaneously with
the normal lung, thereby causmg the mediastinom fo shift toward the
affected side on mspiration and toward the normal side on exprration
These shifts are clicuted better wich deeper and stronger tesprrations
Sudden mspiratory smffing will cause “medastinal jerk” toward che
affected stde, while cough will exaggerate the shift toward the normat
stde,

With wereasing bronclual blockage, finst olbstrucm e_emphy sema, and
fater, resraction of the affected lung will develop  Obstrucuive emphy -
sema 15 revealed on fluoroscopy by a miedustinal shift anay from the
affected stde which remains evpanded in_expieation, the diaphragm on
the same stde cenuins in the low nspiratory position, while the dizphragm
on the nmmvoled side descends and mes as wsual with breathung, The
results in 4 seesaw parsdovical movon of the diaphragm  The bronchi
dilate on wsprration and COREFACE OF EYPITATION, S0 Ut an obstruction
occluding part of the lumen during mspiration may completely occlude
1t durtng exprration and trap the wspired 2w perpheral o the bronchial
obstruction  The trapped mf prves rise on expiration to increased trans-
lucency of the hung perspheral to the obstruction  fn advanced discase,
with complete blochage and retracnion of the affected luag, there 15
permnent shife of the medistnum toward the affected side The dia-
phragnt on they side will be displaced upward

Tluorescopy 1 of special value in the early recogninon of snuall pleyral
effusions at a ume when these sy not yer be demonstrable on the x-ray
Alinute collecrions of pleural flurd discovered on fluoroscopy will stimu-
late the pln stcun to mahe an exhawstne study of the panent and may
oftea lead t drscovery of malignane

In decsding upon operabling, fluoroscopy €an play an smportant role
m the patient with apparently adyanced cancer  Tr will uncoser prralysis
of the duphrigin and may mdicate finanon of the structures along che
medrstinum and in the root of the affeceed lung, Both are generally
mdications of varescctable cancer,  Howeer, duaphragmattc paralysts due
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to mvolvement of the phrenic nerve docs not necessanly preclude opera-
biliey :

Although fluoroscopy 1s imaluable when used with full appreciation
of 1ts inutations, it becomes dangerous w hen oo much reliance 15 placed
upon it m the search for small and discrete changes in the periphery
and particulacly at the roots of the tungs. We emphasize that practinuners
wha use fluoroscopy alone m place of v-ray are apt to mrss epportunities
for early diagnosts

The teleoroentgenogram. Far the dugnosis of lung cancer by x-rsy
as well as for the techmical aspects of the sanous modalities used, we
refer the reader to the specual chapter on the subjecr. The role of x-rays
m che dagnos 15 of such overw helming fmportance that even at nsh
of repention, we will present here some of the more significant aspects
as they relate to the clmician

The chmcan must realize the Inmtagrons of x-ray in the diagnosis of
merptent lung cancer when shght or transient changes may appear very
ndefimee or may be msinterpreted.  Furthermore, n the early and ad-
vanced stages, the roentgen features are often indistinguishable from those
of other pulmonary discases Therefore the entire chmcal picrore must
be taken into atcount 10 the evaluation of the M-ray findings .

To detect the carliest changes, as was stated before, every male patient
of 45 years and over should be v-rayed ac least every si€ months with
careful serul companison of all films AMetculous attention should be
gnen to the mmnutest variation from the normal even thqugh .rlns my
lead to overnterpretanon  The wnportant esrly ray lesions include 3

cripheral ar_depsity (often having a notched border, especntly
when defined by tomography), infiltration or streaking along the vascular
trunks, urulateral enlargemeht or Trregularity of the hllun)l,,s_gglm‘ﬂfﬂl or
lobar em'_EE ysema, atelectasss, and, rarely, carly abscess fnfmamzn ot

The v-fay 1s a most revealing method of study for an investigation ]0'
cough, wheezing, chest pamn, dyspnea or hemoptysis Lyidences gf H:h{'
and advanced lung cancer are most readdy found by x-ray, but g
detection of maiprent lestons demands the utmost shall of hn:]h rn:1 -
genologist and chntoran.  The x-ray may vary from day to Jf‘hnm-
strilang fastuon, depending, as we have stated, upon the GCST"‘? ical
chral obstruction and the amount of trapped secretion. A sn,cnﬂe} ty Ellxcd

x-rav feature of lung cancer s difficult to define and not to be T

s the sole dugnostic feature 3
“P;:w“e appmvinixtjy half of all lung cancers have their nngm‘;rz‘;};
first 4 to 6 cm. of the mam bronchr, the tumor frequently presen e i
as a undateral density near the hilum Tt 1 often roughly trlﬂ:g(‘\:r:nd‘
shape with the apex y’omnng outw ard and apparently S!" ';'g TZI )coﬂapﬁc
like processes raduting toward the perphesy. Atelecta
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of the Jung segment supphied by the obseructed bronchus appears as a
sharply delieated density  Once the obstructive element ss estabhshed,
mfection of varving dcgrec €requently dc‘clnps distal to the stenosed
bronchus and stself I y as a p In the
aged a frequently recurring pncuntonitis or one lehng to resohve should
absays suggest the possibiliey of cancer.

Assocated bronchitts my evidence itself on \-ray as increased broncho-
rvascular markengs, and occasionally the ceatral lesion atay be ovedlooked,
With paruat veclusion of a bronchus, obstructive emphysesia may man-
fest teself us a hirge aret of mereased cranslucencs distal to the narrowed
bronchus  With prolonged abstruction and recurrent infection, resultane
bronch presents wedge-shaped densities at the costophrenic angle
oc tn the perphery of the lang  Central necrosis m 2 hrge tuntor may
give the x-ray appearance of 3 lung abscess  Cambinations of any of the
ahove features with that of a pleural effusion are not anfrequent
advanced cancer

Peripheral lung cancer shows up av 3 round or arregular shadow of
sarable size Small solitary cancers are frequently nustaben for meta-
SENCUEphsts, tuberculosis, or unresohed poeumoma.  When aY) of one
or more lobes 1s mvoli ed, the v-ray shadow 15 indnangurshable from other
o pes of labar consalrdation All gradavions from the small to the larger
coateseing and Jobar denwities can be seen m the ¥-rave of any birge seres
of lung cancers The roeregenologret frequenthy has difficulty disin-
gushmg between central and peripheral disease, but otten latertt chest
%-ravs help ke the dufferentration  Infection s frequent 1 cancer and
confuses the x-ray dignoss by superimpavng the preeures of heoncho-
poeumonia, lobar pneumonn, bronchiectivis, and lung alscess,  The
longer the duration of lung eancer, the more difficule the task of decidmg
by %-ray v hether or not the disease hegan centrally or penpherathy

Body section radiagrapby., vanoush, called tunmgmph\. Tmmagraphy
and plamgraphy, has provided us with a means of visualismg m greacer
detaid the \f iungs, and heol b} wree mn the antery-
postertor, lateral, and oblique planes By facusing the v-ravs at differene
depths m the thoray, shadows of the drsease prntc“ at vanous lesels thar
otherwne may be overlooked an be visualized and also better evaluted
A to character of thew Jdenwny, such as caluficanons, hard rounded
fodules, et S informiton cominned with bronchoseopic din per-
it a farh accurite preoperanne estmation of the size, evtent, and
aevaer locatton of the cancer, as well as 1es relion o ather thoraeic
structures T pht rot unc Iy reveals cancer and
nflamaneary lesons 10 the lungy which cannot otherwie be seen o
Touune re} The N3y P dure has prosed exs 1y
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raluable not only to the thoracic surgeon but also to the physicisn re-
sponsible for making the diagrass. N

Bronchoscopy, A bronchoscopy 1sa mandatory procedure in 4 patient
suspected of having a cenrrally locared Jung cancer. A neganve broncho-
scopre finding does not by any means exclude lung cancer. The locattan
of an abnormal x-ray shadow s one of the chief guides ea the potentu!
significance of a positne of negative bronchoscopic evaminaion  With
positne bronchual bropsies the number of operable cases decreascs con-
siderably  * 7 N T ' -
connideral!
evidenices @ 3
we refer the reader to the chaprer on bronchoscopy.

Exfolutive cytology. Combmed examination of bronck pic wash-
mgs and freshly rased sputa by the Papanicoliou technique for detection
of cancer cells has affarded 1’ preaperative pathologic dugnosis of lung
caneer i many cases when expert cytologic facihties are available  The
number of positive diagnoses derned from the study of bronchl wash-
mgs or of sputa alone varies greatly among the many reports Tf}c
aumber af fale posinnes 15 extrenely low m evperienced hands. We
refer the reader to the chapter on ¢y tology for detils.

Bronchography s been said to be hefpful in the diagnos of cettan
bronchogenic cancers. It may occasionally be so when the tumor faih
to cast an y-ray shadow or when it cannot be seen by bronchescopy of
tamagraphy. Hawever, deformation or marrow ing of the tumen of the
brotchus can only accasionally be demonstrated and the Failure of a
bronchus to 6l 15 not :\I\\g}'sﬂu: to a suspected tumor but may be
caused by rtrapped bronchual secretions, stricture, or a fnrstgn hod.\]“:
Furthermore, aspication of lipiodol mto the opposite long carties che oo
of seeding cancer cells  Therefare, bronchography in general has been
of such little valuc that we believe 1t had berter be abandoned escept in
unusual crreumstances, o th

Angrocardiography  Angrocardiography may prove to !:c useful ;n fot
differential dagnoss of fung cancer. Any space-occupying )yng Ic;:m’l,
nnay marrow, displace, or obstruct the pubmonary or meduastinal bl -
vessels. Obstruction or irregulsr deformation of the apacified \nscuo'
structures of the lungs or medmstinum i? most comnionly due tf)c::‘t
plastic disease It must aléo be kept in mind that tang cnt;cc‘r'!:ﬂi:m he
only simple duslocatinn of the sascular structures parncuiry .
disease 15 crrcumseribed or penpherally lacated. Angrocardiograph! on
deace of incurable caromoma of the Jung depends upon local "““;m
of the great vessels of the Jungs near thewr origue.  Partial m; fl:l:‘fmhl
obstruction of the left pulmonarv artery near is 0”?’!’;"‘:’:::,0“ of the
pulmonacy arterv at and near its first bifurcanon, obs!
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great mediastnal vetns by tumor, or evidence of pencardisl invavion seen
as a thickentng of the pericardium, are not mfrequently seen with this

haique  The interp of angiocard, requires an exper-
enced worker in the field,

Aspiration biopsy of the {ung  The dicartons for emploving this
method of diagnosis are very few, If a postve biopsy 15 not obtamed
by bronchoscopy or after scudy of bronchial washings and ‘or sputa,
exploratory thoracatemy 1s resorted to m preference to hung aspiration
This 15 especially true of there is aay Iihelthaod chat the disease 15 operable,
Oceastonally, however, aspiration biopsy may be wsed for dngnoss n
the moperable case. Trs cluef field of usefulness 1s m the supenor sulcus
carcinomas and cancers which present a large, broad anterior medisstinal
mass, Tumer growth along the needle pathwav s a calculared sk
We believe this duagnostic pracedure should not be used unless the
patient refuses thoracotomy or hay moperable disease  Negame fung
aspiration does not prove the absence of lung cancer

Bivprxﬁ_l)_%mxﬁ:_lgmm In 199 pancats studied at che Viemoral
Center the diagnosis of lung cancer was nade by exclsing or aspirating
fuetsstatic disease et accesstble regions such as neck nodes, s, subeu-
ancous nodules, or even hver nadules A mucroscapte ditgaoss was made
n 668 per cent of these pavients, an addional 291 per cent vielded
specamens whuch were obs toush, cancer but with unknown ongin - Study
of plearal fnd m 24 patients by the Papamcolaon cechnique revealed
cancer cells 1n 690 per ceat of the patients and was negative for cancer
111309 per cent (see Mg 100)  The wdtcatians aud techmque for scalene
node biopsy are discussed m the chaprer on surgial therapy

(S

§ Teraiar Brovano sk on Anvronss Crin Caranons

One and one-half to § per cenc of lung cancers present the nicro-
scopic pretuee of broacheolar cancer which mav show svmproms and a
chiancal course somewhat different from ocher tvpes of lung cancer.
Dyspnea may be s promnent symptorr  Eypectaration, especally of a
ghiny or mucoid rype, 15 more_common, b&RE TeLONICS M WOTE Thah
TG T caces, 30 e Samerimes prafose, Death ma oceur m len then
stY months i as many as 30 per cent of the patients, but it s usually a
slowly progressne chrane discase, not debihtaung until late m sts coune
and guing e ta very few carly symproms  This disease also differs in
that about $0 per cene o fulue myaliement of both lungs  Cases m the
20- to $0-year age group ave not rare

The physical findings are nor definive and ndeed may be mmmmal
even m the presence of the bihaterally: dissemnated formy The most
common radingrapluc picture i the finding of single or muluple persph-
eral, circular arens of nereased densiny bearing a strking resemblance



178 CLINICAL ASPECTS

MICROSCOPIC FINDINGS " TWicroscorc sromes
IN BIOPSIES OF 'METASTASES' OF PLEURAL FLID"
199 PATIENTS 24 PATIENTS

"0 omenons
cancer onr

uvcion or
A

cousTent wirn
Cancmous cargmon

oF THE Luve

Fig 100

to etther tuberculosis or metastatic tumor. Not mfrequently in the multi-
ple nodutar cases such as oniosis, mliary tuk i
collagen disease, or metastatic cancer are made Cytologic studies of
sputum tend to show cancer cells in a relatively high proportion of
pauents  The tumor 15 rarely visuahzed bronchoscoprcally 5
The treatrment 1s disappomnting except in the pattent who has a s:vngv'lf
peripheral nodule and 1n these mdrvrduals a 40 per cent ﬁv:-}’eilr S}’m‘"‘
has been reported after surgical resections  When the disease is dxfscml
nated neither X-ray nor nitrogen mustard has offered much pallation
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Roentgen Diagnosis

of Lung Cancer

RoBert 8. SHERMAN

CRITICAL ANALYSIS OF THE ROENTGEN METHOD IV
RELATION TO THE DIAGNOSIS OF LUNG CANCER

The roenrgen diagnosis of lung cancer is so extenstie 2 topic that 2
complete presentation in the conyentionsl manner would not be feasible
m a chapter of this Jength.  Furthermore, it is believed that this subject
has targely outgrown the atlas formar which at best suffers cerrain rathet
serious luneavions.  What will be atrempred, therefore, is the perhaps
more difficult task of selecting aud organwzing informatian chat will pro-
vide understanding and tnsight 1oto the roentgen diagnosts of malignant
lung tumors  Just as the critte need not be an accomphshed performer
in the arts, netther should the generahst, nzermst, surgeon nor other spe-
cialist feel required o become a practicing roentgenologist. Houwerer
aithough these physicians do not need to know how ro practice dmgnnsn;
raenczenalogy, (hey must pevertheless become thomughly ng'qmjmf’
with its accomplshments and newer developments, as & ell as its Iunl:—
nons and prtfalls, so that they can critically appraise it and rhmbyf e
in a position to ensure that their patsents always receive \-ray work of 2
gh order. o wll

In a presentatron of this sort many aspects of roentgen diagnosss \ud
have to be omtted, and for the purpose of orientation they “‘xll be nmcf
at the onset  The most umpartant of these are. 1) the phy.su‘zl] b::s;v }?:
the roentgen method, 2} normal roenfgen anatomy and ph.\sxo]ng\' o '“
chest, 3) raduation exposure and dosige; 4) the roentgen ancsmnr:dy
the varous histologic types of ;Ung_;‘ cancer, §) differentiat diagnosis:
6) postoperatine appearance of the thorax.

RPuenngcn diagn:t‘:s 15 an act of medieal pracuce and not n{::::ﬂ('::
procedure. In the lacter, resules are reported by reading nll" :n?t:r he
scale or notng a color change 1 2 solution, cach taking p;tsml el
performance of a number of standardized steps requinng no 1ol

180
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cal Lnowledge for thewr crecution, On the contrary, dragnostic roent-
genology 1 a branch of chinical medicine in which 2 broad medical
baclground, specialized tramung, and expenience are necessary fearures
The Tesults of an x-ray examuation are expressed not in figures but in
teris of disease, and constitute 2 medical diagnosis or judgment on the
part of the raentgenologust for which he 15 responsible to the paueat.

Competent x-ray diagnosis m lung cancer 1s founded upon the beliet
that the disease 15 curable if discovered early, and that efforts directed
to this end are therefore necessary and urgent.  The earher the disense
can be sdennfied, the better s the chance for pa])unnn Unless these
tenets become 2 constant gwde, the exaniner’s arutude will not be suf-
ficrently aggressise and 1t may pernut him to becone 2 willing partner
to the insilious practice of resorung to interval studies over an uncon-
trolled perjod of time 10 attempting to arnive at a1 diagnosis

Whle there 15 always room for indwidual experience and abality to
manifest ttsclf, a general uniformity of opinion from a group of experi-
enced and competent rocntgenologists 1s nevertheless to be evpected  In
other words, there 1s a certan acceptable standard of performance in
dugnostc roentgenology’, just as there isn any other branch of medicine.
While specialty certification may be 2 clue regarding the existence of
such a level in any mdr sdual, this is not necessanly so nor s 1t particulacly
true in the field under consideracton  Addional mnsighe into the actual
level of the aceeprable standard m x-ray diagnos 15 provided through
texts and current medscal articles, as well as by attendance at v-ray con-
ferences and meeony )

An apprecistion of the dynamnc aspect of roentgen disgnosis m lung
cancers 1s another requirement  The picture provided by roentgenology
at one particular time must always be related to the known Iife history
of malignant lung neoplasins, including the des clopment of cnxl!pllaat:ﬂr;i
and the effecrs caused by treatment. In this connection phy sicians should
always kecp in mind that since 1t 15 so common todsy for patients to have
hid chiest roenegenogranss, every cffort shaald be nude to secure all
prestous filins for companison purposes orice a lesion has been discovered,
not only to further the diagnoss, but to learn more abour the dev elap-
ment and course of this important disorder.

The qualified examiner will tend to go from the smple preliminary
erav studies, through a logreal and arderly sequence, to the more com-
plex To be able to do this he must posiess an equal faciliey with all the
techmiques of roentgen daignosss, and his usage of the diffcrent exanuna-
aions must be based ont a knowledge of whit each may be expected to
accomplih, ot upon a persomal preference for some parneular one.
When lutle ar no worthwhile results are hkely, additonal enanunatsans
st not be rec ded, for every Togi

15 morally bound
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to the patient to justify each roentgen procedure and to mahe it as safe,
simple, and mnexpenstve as possible. At times this principle may brng
hm into conflict with those who through misguided concepts esther ask
for all possible exammations or insist on overemphasizing some pet
techmque.

. ight side
Fig 101, There is a moss  the nght lung, with deposiis of tumoc .ln ";’I:rgreqwoﬂ
of the mediastiaue and o small metastasis 1o the feft lung she infraclavicyl

This 15 a squamous carctnoma of the tung

i aical
Ideally every x-ray study should be carcfully mtegrated with xh:oi]e[durt
progress of the case, The selection of the proper rucnrgm‘;‘ p{m pe-
and 1ts correlation with the pwent’s climeal mnnagcmen]t c?t e
rience and good judgment. In this r:gnfd the roentgenol oglsdm" operee
familiarized with the thinking of the patients phyucm;‘rcga 5 a:“ e
Inhty, resectabiliey, operation for palhation, and rad\a:c [cnrl:i\q. A the

it ~FCS g

his atutude regarding ja of non-r dardized,

the Y-ray €rien
i i Y sean
present trme not all of these considerations have become
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so that sdeas may vary somes hat from chime to chinje and from physician
o physiclan

Mahmg allowance for the fact thar the status of the purely pallatne
operation remains debatable, certain critena strongly indrcaung aon-re-

:: w ‘
I o
)
5 .
{ .- -
n - . *

Fig 102 An rrogulor pavchy infiltrote in the leh infraclavicular orea is seen which
Gives a roentgen oppearance resembling an infection of the lung  Tuberculosn may
present such o poftern  No obvious dueose 13 shown 1 the left lung roat or
mechastinum  This s o 1quomous caronoma of the lung

sectabulity have nesertheless become generally accepted  Those rebiung
directhy o roentgen dugnoess are bilateral plentral fluid, metastases to the
oppoute side of the tharav, ar outside the chest, o the tumor crossing
the canna - Roentgen evidence of probable non-resecrabiliy such as unr-
lateral pleural effusion, diaphragmatic or vocal cord paralysss, evtensnve
meduastinl disease, Tocal imiasion of the chese wall, and vesse) narron ing.
do not alwms deter the more agpresne surgeans who feet thae one
cannat be certain of non-resectabulits under these conditrons unless they
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actually try to remove the lesion It should be apparent that the jusufi-
cation for the use of various roencgen examinations depends on the
surgeon’s atutude 1n these matters  For example, there 15 no need to
carry out contrast visuahization of the heart snd great vessels to determine
resectability, if the surgeon does not heed the findmgs obtainalle thereby.

T g 1034
be

i uch fo
The terms found mn @ roencgen report SUMENNCs fease m

i ¢ Wa
desired because they may be confusimg or cven mm‘csdc:gg(imgoc“ohms)e
to help change this siruation W ould be for physicins to.“ B eleg)
and musleading words or opinions. Disease prncf:ssei b O
of the chest are revealed eicher by a morphologic “Emhv;iz;lomc. e
case there s an abnorma) density change, of they are pl s org}ns n
seen as a vaanon m the normal funcnon of the chest nrmmd‘ o e
cancer of the lung, both forms of :ﬂmnrma.hty are «:mnnntllV re  ensy
first categors, which 5 by far the more mlpurta;lt, I e borders
understood ateributes are possible. These deal with size,



ROENTGEN DIAGNOSIS 185

degree of density, location, and internal pattern or texture Lach one
can be descnibed 1n a ssmple manner.  Size must always be stated in uni-
versally understood units such as centimeters or mches. Designations such
as small, large, huge, or massive should be sbandoned as lacking specificity.

Fig 1038

fig 103A and B A tumor 1s seen in the ontenor segment of the right upper lobe
with a focal otelectaws i the middle lobs  The nght lung root ond mediastium
appear ta be normal and the esophagus reveals no pressure defects This proved
to be adenocarcinoma of the lung

Localizaton should be based on the practical needs of the sination and
should employ the standard anatonie terms that all phy sicizns underseand
Once a funcaional alceration has been revealed, its descripnion s wsually
a simple mutter of recording the degree.

Occastonlly the xray fndmz\ may justfy a precise diagnosts, such
X a certain hntologic pieture, ‘pccmc bactenal agent, or a ph\ stopatho-
fogic state L\mll\, howeser, the presence of 2 more or less general
categon of discase 1 all that can be concluded  Os ennterpretation of the
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roentgen findings into spectfic pathologic conditions is unfortunately to
common. Not only 1s this dangerous and umjustified, but 1t 1s often quite
unnecessary if one would remember that there are usually additional way
of esmbhshmg the nature of the fesion. As an example, fibrosis or pneu-
motutis is too often postulated upon inadequate roentgen coiteria, v hen

—— i i

Fig 104 The primary fumor 15 located on the left hut most of metastatic ’dlseﬂ:;;‘
found n the nght sude of the mediastinum _ Histologially this 1 eat cell concer
This form of lung heaplasm may present bulky disease resembling that s
tymphosarcoma or Hodgkin's disease

a less restrictive opinton such as mfiltrate, or consolidarion, would be more
accurate,

Diagnostic roentgenology when
to three distinct errors or faults e
1s the personal or mdividual error, almost al\v?ys ;r:cefz e e
traiming and evperience. Using the gauge mentivned be m, e ;nt
nostic standard established by what a majority of compete: Bt any
gists do under sumilar circumstances, 1t should then be possi
physteian to detect sncompetence i 2 relatively short fime.

applied to cancer of the lung is subject

The first and certaly the most tragic
Y o 2 lack of

the dug-
genofo-
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The second fault may be called the acceptable or tolerable one. It may
be typified by the presence of a one-mch welf-demarcated homogeneous
shadow of water density 1n the lung, the type to which the term “comn
lesion” has been applied  While 1 might be possible to narrow the x-ray
dugnosis somewhat by employing additional roentgen exanunattons of

Fig 105 A smoll woter density depout 1s seen in the night lower lung field  This
 on exomple of the so-colled com losion A precise x-ray diagnows of the histalogy
of these lesions is almast always Impossble  This proved to be © termnol bronchiolar
form o lung eancer

the more time-consuming, costly, and dangerous vanetics, there would be
more wiflingaess to accept any lmeation of diagnosis that might go with
the ongmal study f 1t were hnown thar the ereatment required had
already been clearly establshed  In no way would treatment be altered
by che mforminion that the additional exannanon nught be hkcly to
provide

The third error 1 the inherent one, and it 1s bavcally a function of the
size and the loctson of the tumor  Quite abviously there v a period of
tume between the development of the fint cancer cells and the point at
which the growing tumor can be detected by roentgenology. When the
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equipment 1s modern, the technique perfect, and the lesion in an unob-
structed area of the lung m a person of moderate size, the lmits of
detectability range from 2 mm. to 3 mm in diameter for a sphercal water
density process. But circumstanices are not always ideal and practical
detectability may be more often in the 3 mm. to 8 mm range, Lven
lestons of this size can be more or less hidden by ribs, heart shadow,
diaphragm, and mediastinum, In chest survey work using smaller films,

F19. 106, This is an example of the supertor sukcus vanety of bronchogenic :a;;mro:'?s
A woter density mass 15 seen filling the apex of the left hemithorox. e
destruction of the postenior part of same of the upper ribs

the practical imits of detection are somess hat grearer. ¥ unhcmmre,h[:'tg;
endebronchual lestons may not be discernible unless bx'nHChOg‘l‘:}!“,mc
done. We estimate that abour 1 per cent of lung cancers t’fd! “]1“3l el
inherent error and consequently are not detectable on the initial sagt
and lateral cliest films.
nThc formulation of an -ray report embodying a HIC(‘ICJ: ;1?5":;‘::
is a more complicated procedure and a more serjous rcsp?ns‘[i:;‘]}of -
mught be thought at first glance. The firse roentgen ;m'{"vn:mnd;rdilcd
chest, being a simple procedure, 15 usuaily ordered in a farrly o logee
fashion, However, cven at this stage the desires of thc‘n;‘erlldg NG
should be ascertained, for 1t 15 obviaus that the one who is it:c (rhc}:cch‘
ble for an v-ray diagnosis must be given freedom to determin
mque of the study upon which his opimon must' r]cs(. if need be, dhe
Therefore the first part of a report should evaluate, i
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adequacy of the exammauon for the purpose it 1s expected to accamplish.
There should be an evaluation of s techmeal quality as well, by men-
tomng any possible initations.  The second secnion of the report deals
with detection, that 15, whether the exanunation 15 negative or whether
any :\I»nomnlm' has been found.  The roentgenologist must hold himself
Iy responsible for the d of any at diey whassoever
that appcars anyw here on the film or ﬂummcup\c screen The detection
of a relatnely minor change that might be curable lung cancer requires
care, trainng, cvpertence, and excellent techmque Tt is at this point that
the greatest chance for harm or good, as the case may be, ¢an occur.
Third, the report showld offer a deseripaon or concise word picture of
the lesion, so presented that the refernng phy sican becomes acquamted
with all the essentnl features of the diease. At tsimes the roentgenolognt
can clanfy the seport by including a rubber stamp outline of a chest
roentgenogram with the abnormiblinies drawn . The forrh duision
of the x-ray report is the diagnosis  Once m a while 1t may be pustified
to present an exact or histologic opmion.  Usually, however, 2 single
dragnosis cannot be made, but the lesion present can be placed 1nto a
disease category or grouping, a step which i 1tself may be sutficent to
ndicate the procedures that are needed or to pomt out the ) pe of trear-
ment that 15 to be followed, Occavonally there ace accompanving festons
tht aho have to be evalnated as to their sigmificance and mmportance,
Frally, the report should intheate further roentgen studies that may be
worthwhide  This last pont v often overlooked, but unless 1t 15 con-
saientiously carned out, the referrmg phamcian may be 1n doubt as to
how to proceed
A final chariceenstic of good roentgen interpretation is the objeetivicy
that steoys from an open mind - Partcularly with diseases of the chest,
the x-rav phivsiciin must realize that diagnostic roentgenology can stand
on ats own ments and that far the hiest iterests of the paoent it must
be practiced 15 an mdependent spectalty and not as part of any chnical
workeup  Therefore the exanuner must always study the film or screen
without prior hnowledge of the chmeal detarls, biecame 1t 15 only an
untuted mund that can be counted upnn to produce consistent and relable
results  After all, it 1 what can be read out of 3 film that » of value
to the patient, not what can be read ita it Often no chmical information
1 needed e complete the x-ray report ¥ 1t should be needed dunng
a conultation or 10 the concluvion of the report as the sitwation may be,
the roentgenologit may apply his speenlly slinted hnow ledge of disease
n relation to s roentgen disgnosts, and seeh pertinent and sp('cxﬁc pomnts
of mformiton
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X-RAY ARMAMENTARIUM AND ITS EVALUATION IN
THE DIAGNOSIS OF LUNG CANCER

The mmportant criteria of competent roentgen diagnosis in cancer of
the lung have been briefly discussed.  Attention must now be given to
the many different types of roentgen examination of the chest that are
generally available today, as well as to the few that are just appeaning

Fig 107A

ut this resiew an evaluaton of the indi-

on the horizon In carrymng o
o ot s e will be attempted

cations and potentialinies of each different techniqu
5o as to define 1ts role 1n the diagnosis of lung cancer. counde-
While the standard 14 x 17 inch sagtal film continues to be the uunm_
tion of the roentgen examnation of the lungs, there 1s .l.growmg aﬂ!;li'e pi
tion of the value of a lateral view taken at the same time, cspc?:: o
symptomatic pattents. The necessity for reconstructmg[ the fl;:clcyﬁlm
three-dumensional relationships of a tumor from the single Sl:X e e
with which the roentgenologist generally worhs 1 ﬁpvp-lrcl?: ; s pos-
Jateral view constitutes the simple procedure that usually ma o L ekcil
sible  With modern techniques and equipment, It makes ht;e p e
difference which lateral 15 ordered, but generally one should try



ROENTGEN DIAG\O5IS 191

that the diseased side 15 net to the flm, Recommended technical factors
consist of a rotaung anode tube with 2 mm focal spot, film-fucus distance
of 72 inches and exposure time of %4 sec along with all the other obyvious
earmarks of good roentgen rechmque A 200 ma. umit 15 usually the

minimum capacity needed to provide complete roentgen coserage in chest
dwneases

Fig 1078

fig 107A and B An uncommen histolagic variety of lung cancer located in the
root of the left lung It hes produced no atelectans m spits of its large size  This
15 @ mahgnant adenoma

Roentgenoscopr, which i wwilly the nee logical step, occupres the
same close relationshup with the film coverage of the chest as evists in
the gastromtestinal series  Generally speaking, therefore, 1t 15 best done
where facilities are avahable to procure any films that mav be indicated
This arrangement abo imsures a continuity of examiners and a singleness
of responsibihny  Because the fluorascopic exanunation 1 comparatinely
lackhing in detal and w primanly suitable for depictng phy stologie
changes, it should not be used as 2 surves procedure, bemng conaderably
wnfenior in the regand even to the small photoracnrgen film  Another
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th nght
Fig 108  There 1s lung cancer located at the conna and el!endmgo:n::e:nn" o
ond left bronchi  These bronchi display on irregular navmwxr::m e
tomograph  Bronchography would have revesled the nn":wlnf rore ety T
was no atelectasis and the conventional chest film showed surp

mality
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nght
Fig 108 There 1s lung cancer located at the corna and extending '"'°,:°':n -
and left bronchi. These bronchi display an irregular norsowing @t setf S
tomograph. Bronchogrophy would have revesled the narrawing more deaty The/e
was no atelectasis and the conventional chest film showed surprisingly

mahty
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,

e

h right
Fig 108 There 15 lung cancer located ot the corina and extending m::e:”o" ey
and left bronchr These bronchi display on irregular parrowng ox sten of 8
temogroph Bronchography would hove reveeled the narrowing more cleary The?
wos no atelectasis and the conventional chest film showed surprismgly

mality
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obyection to roentgenoscopy 1s the absence of 2 permanenr record. We
have found that when employ ed as an wotated form of evammination, 1t is
subject 1o a high percentage of false dagnoses, which to pur it midly
can be disturbing and costly 1o the pruent  Furthermore, recent suneys
of fluoroscopes hrve demonstrated that a relauve danger of overdosage
eusts because Jack of tranmg has led to uelizaton of ourmoded, un-
tested, and unsafe machines. Some of these ures have revealed outputs
of from 50 r to 100 r per minute, whereas an acceptable figure 15 from
10 £ to 20 r, Because of circumstances such 2s these some writers have
suggested that the use of fluoroscopes be heensed Ly the state. Certamly

the dangers of aa correct dugnosis awy not far ourwergh those of
radiation overexposure?

Roentgenoscopy of the chest should follow 2 scheme in which alt
pertnent areas withun the chorav receve adequate attentiont as part of
a routine  After careful scrutiny of the tnmor and jts neighborhood,
the different organs and anatomic dwisions of the chest are observed.
Then the vatius functonal characcernties of the diaphragm, vocal cords,
lung raots, esoplagus, and heare and great vessels are examined more
orJess m the order named  As each area or organ is studied, the specnl
tests that have been developed for its es aluation are apphied  The esoph-
agus should he opacified tn chest fluoroscopy because of the ability to
reveal unsuspected abnormalities such as masses deep mn the medastinum
We have known of tno cases m which the fadure to carry this out
has Jed 1o a spunous surgical attack wpon a dilated esophagus due to
cardiospasm, on the erroneous tmpression that the nghe-sided medwstinal
shadow was 2 solid tumar  One of these ases had angiocardiographic
studiest  Senous mustakes such as this can be avorded by adopting a
sensible fluoroscapic program and carrying 1t out

“The fluoroscopic image amplifier, now coming mto clintcal use, some-
what extends and broadens roentgenascopy It #5 part of our equipment
and at this time certan opinions concerning it seem qustified,  The image
amplifier 15 sull rather expenstve and quite bulky, and the screen area
is imited 1 size  However, the attachment docs bring several adsantages
ta cocntgenalogy It permuts flunroscopy with lutle or ao accommoda-
fion in a room where only shghtly reduced hghting is needed  This 1s
of greatest advaneage for teachimg or when roentgenoscopy 1s used n
conquncrion with different manual procedures requintng good iffummation
throughoue the room  These include, for example, branchography, sinus
trace injecttans, cholaogiography. and catheterization of the vessels  An-
other advanrage 1s thar the amount of v-ray evposure to the pattent ofcen
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fo both right
Fig 108  There is {ung concer located at the carna and ex)endmga;ns:m o
and left bronchi  These bronchi display on srregular nurrowmg’e ooty There
fomograph Bronchography would haye revealed the narrowing m:n ety e
was 1o afelectasis and the conventional chest film showed surprisingl

mahty,
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i teaching and m the combed tvpe of fluorescopic procedure, and some
wuprorement m visibihey would seem to summanze xts status at this time,
but new derelopments i design may follow,

Followtag reentgenoscopy the x-ray physiaan has avalable a wide
range of special studies at hus command  Judicious selection of the
simplest films that will answer a pont of mformation is the earmark of
the astute exanuner, because these diffesent exanumations provide a test
for the mgenurry of the roentgenologist who, by selecting from the
different techniques and posinons avatfable, can eustom-fit an v-ray visr
to the situation at hand A careful consideration of these special film
studses 15 now 1ndrcated.

Stereoscoprc 14 ¥ 17 inch sagreal and somerimes stereoscopic Jateral
chest films are particularly valuable when scnrchmg for tmy lung dmsmes
such as or dng a more g of
the detatted relanonships nf a Jeston  respect both ro #ts nternal pmcm
and s association with normal seructures, stereoscopy is unsvrpassed  The
possibrity of dependably locsbizing rny lung densities anatomically as to
lobe or segment should mat be overlooked, because at times it may
be difficuls or impossible to do so because of failure to see an opacity
n both single sagitsl and lateral vews  In this regard stereascopy s
vsually cheaper, simpler, and quicker than tomography  The techmque
ot the stereoscopic s-ray exammauan s basically the same as given for
the smgle chest film, but the procedure s a lirtle more demandmng on
the part of the patent as to body bl and control of

The expiratory film prov xdes a sumple and as times uniquely mformanve
vray method of evamimng the chest Tt 1s employcd most advantage-
ously to demonstrate minor degrees of pneumothorax, to reveal sreas of
obstructive emphysenia, and to record the relauve acration of the lungs
A companison with the com entional or mspracton fitm will elp to bring
out most clearly any shght degree of aeration change that 1s present  An
expiranon-nsptrayon film series 15 4 much more sensitnve and rehable
sdecator of most aeraton abnormalities than ﬂ\mrmm)p\', and the same
rehability holds true for d 1 shaft or ab ! niedi-
astial morement  In regard to any “medustinal change of position oecur-
ring 1n fung cancer, the Jeston causing the displacement 1s usually obtious,
the mediastinal disturbance hetng ot secondary tmpartance.

Another special film exammnation of occasional usefulness 15 the apical
or lordotic view designed to reveal the upper lung fields largely cleared
of the disturbing shadows of ribs and clavicles While w is indicated more
often 0 the muntmal lesions of pulmonary tubercuosis, the apical view
can be very helpful in rerealing sanll tumors, particulasly those of the
supesior sulews vanety,
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can be cut appreciably. Fluoruscopy done in the conventional w ay with
well-calibrated equipment employmg adequate filtration and 2 timer
should affer fictle 1f any possthility of over-dasage or danger to the
pauent or the examner, bur any piece of equipment that will diminsh

{"‘“—" N r

t vaith
Fig 109 This is a spot film taken during & brun:l!ographc: s'luiy on‘:(ﬁa"‘:: A
Tung cancer, showing an area of atelectasss in the right upper ot =‘ ;«I\hn A
bronchus to one upper lobe segment, but with absent and partial filling

remoining upper lobe bronchi

spect
the radiation delivered to a pauent has an adv:uft'agc. :ﬁill:':h;fmﬂ:}:m_
of image amphification 15 that under many mndlﬂO“Sh‘c age amplfier
rovement mn fluoroscoprc detail,  As 1t now ewsts, tl o E;incxplts of
will probably bring about few fundamental changes lgr cnanw Fresce
fluoroscopy that have been buile up over the yeats, n of Tang cancers
any far-reaching improvement m the Y-ray le‘;'}"USf':C“Ims cspeclly
thl'-ough 15 use  Some broadenmng of fluoroscopic ,
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Oceasionally a smalt *spot” film then with a special cone and with
appropriate alteration of comventional techniques may provide better de-
tail for bone 1n 2 selected area A differcent type of small film taken on
the spot-filming device durig fluoroscopy may also be of value in bng-
ing out certam specral relatronships of a fumor.

Films raken with a moving grid by means of the Porter-Bucky di-
phragm are frequently nccessary in lung cancer because they provide
the best way to show che bones m derail.  Another purpose of moymg
gnid films 15 to penctrate through superimposed densities to demonstrate
cavintes, flnd levels, calcium deposits, or the structural degails and tevure
of a bulky leston. Necdless to say these attrhutes make moving grid

hnique a frequent r 2

Decubitus films, in which the moving grid is generally used, may be
needed mn the roentgen evaluation of Jung cancer and its complications
Ths exammnation can be done n esther right or left lateral recumbency
or erect posttion and even an inverted placement of the patient has been
employed. Decubitus, erect, and inverred films help to establish the
presence, location, and size of flind accumulations  They may detect the
occurtence and show the estent of any laculanion.  Decubitus and other
specral position examinanions can show the size and the contour of the
inner border of cavties  An additronal indication is to displace pleurat
fld away from the arcas in the Jung that one wishes to visnahze, At
tumes very small amounts of fud m:;y be detected by this merhod nd
a differentiation may be possible beeween pleural thichening and fiwd
Meduastinal mobility can also be tested, 5

Kvmography deserves liecle if any mention in the x-ray m}'esngnnmfs
of lung neoplasms It is of potental valve n the differential diagnoss nf
masses |y mg adpaceot to or within the mediastinum, but cmplny'mfgl“l
the simpler \-ray procedures usually will make kymngmphy needless.
Moreaver, contrast visualization of the yascular system offers much more
than hymography in this respect.

Bronchography properly concerved and executed may provide inforni-
. fie evaluatron of the

rion nor erhern sse obrainable about lung cancer, In 1
; be neyative, bron-

bleeding lung, at a ime when prebmmary x-Iays may
d I F 1s or small

chography may reveal aa w .
chial n.?mor Bronchography 15 the most reliable x-ray method 1o :}:1(::
the condrtion of the bronchy, usually surpassng zomogfﬁPh.‘" S"f:;: ot
false smpressions can be due to air droplets and retained sccr:l'mﬁ;‘s‘c
acute hending and compression of the arway resembling an 3
endobronchial lesion, " "

Bronchography s planned along two gencrn'l fines dcf’.‘"f]’;'lf‘;;iz: C‘:‘r
abyect co be attatned.  Usually v hen the tentathve dmgnus;s is & 'supP“'S
mterest lies 1n a single bronchus and the area of the lung
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already gamed by other v-ray evanunations with what one wishes to
accomplish by the body section study  The best position for the patient,
the depth and number of the tomographuc cuts, the thickness of the sec-
tions, the exposure factors, the control of respiration, all these and other
1tems have to be decided upon beforehand  Transectional roentgenology
in which the cuts are made horizontally while the patient 15 erect 15 an
interesting varuation n body secuon roentgenography, but not one of
great practical significance for lung cancer
What then are the for sectional roentgenology particularky
as concerns lung cancer® In general these may be largely of a confirma-
tory nature. First, when cavitanon 1s suspcc(ed within a dense area, 1t
may be substantiated by this method  Usually, however, it can be ade-
quately shown hy simpler means such as stercoscopy alone or combined
with moving gnid techniques  Sometimes 1t 15 unportant to be sure of
the presence of calcification within a lesion and also to know something
of ws atrangement or partern  Generally this can be established saus-
factonly by other means  So far we have not seen calcificanon revealed
by vomography that could not have been ether suspected or diagnosed
by ampler films  Sectional roentgenography has been employed by some
to suriey the Jungs for uny nodular metastases not thought to be demon-
strable by other means, We have not yet seen a water density deposit
in the lung that could not also have been revealed by some other form
of film ¢xamnation  On the other hand there have certamly been a
few occastons 1n which tomographic survey of the lungs showed a deposit
or two that were not seen on 2 sagutal P A stereo of the chest because
of superimposition of medistinal structures  However, with lateral
stereos these deposits would probably have been demonstrated At pres-
ent therefore 1t 15 felt that while tomographic survey has an added use
m seehing small lessons such as metastases, 1t should be done sparingly and
only after conventional films, particularly stereoscopic ones, are negative
When dealing with small densities chance plavs an important part
Finally, tomography can show certamn fearures of the aorta, large
pulmonary veins, lung roots, and other vessels, but these vascular struc-
tures of the chest are best shown by opacification methods, at least as
far as their application to the diagnosis of lung cancer 15 concerned  All
the finer detarls and many of the normal relanionships of consentional
roentgenology are not seen on tomography, so that often the apparent
clanity with which some shadows appear mav be misleading  Too often
have we seen a blood vessel diagnosed as a metastasis, blebs or bullae
called cavities, an area of normal lung surrounded bv patches of preu-
moniz called lung abscess, and even the rhomboid fassa of the clavicle
called 2 bone metastasis! . It would seem to be a sound principle that no
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procedure, which employs anything from a simple mechanical attachment
on a conventional X-ray machme to complex, specially designed uni,
2 selective visualtzation m g thin section, sheer, or plane of the body is

lobe
Fig 110 Angiocardiogram on a panent with fung cancer of vhel left ;”:;T;h:u-
involving the chest wall, showing venous obstruchon leading fo the fillng o
ng veins

H of
made possible by a smudging or blurrng action on tllc ‘(;l;::}; lml;g;fmd
neighboring structures that would otherwise be s}xllaerxmpn A
this ability to “see through” superimposed mnemd, it c:lnn o 1o
than other types of roentgenography because the '“v:i;:ﬁerencts it
15 possible - roentgenology onl.y msuf;’e:; density T aman
between the leston and 1ts surr very T oS
requires good planning, based upon a careful correlation of the finding
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ment, the sitvation is further complicated  Contrast studies can be of
great help 1in demonstraning the nature and extent of the vascular Jesion
m patents with medsastmal obstructve phenomena, although a broad
localization can often be donc quite well chinteally.  One should be par-
ticularly careful 1n doing angiography on patients with venous obstruc-
tion because of the mncreased possibahty of their developing a thrombo-
phlebitis A less concentrated opaque solution should be used with these
panents. The occasional death resultng from angiocardiography should
also warn that not only must the contramndications to its application be
cnr:fully observed, but 1t should be used only when there 1s a fair chance
of 1ts accomplishing worthw hile results,

An induced pneumothorax 15 justifiable as a d p dure n
the roentgen diagnosis of tung tumors on rare accasions because 1t may
be 2 defimte means of establishing that the lesion 15 either pleural, pul-
monary, mediastinal, diaphragmane, or cardiac m location  Generally
speaking, 1ts chief indication would scem to be in differentiating berw een
a surgical disease such as rumor and a nonsurgical one bke hermation
or eventration  Alasses on the liver surface or localized hernas can cause
2 shadaw at the lung base difficult to diagnose precisely by x-ray unless
pneumothorax was done A duagnostic pneumoperitoneum combined
with the pneumothorax would provide clear identification of both du-
phragm surfaces and rareh this mav be the only way. short of surgery,
to tell from where a masws lesion arses  Fortunately, the normal gas
hubble 1n the stomach makes this side of the diaphragin easter to evaluate
by roentgenology than the nght  Retrorectal pneumography 1s an al-
ternatin e to consider mstead of pneumoperitoneum, as a wav to reveal che

b, | surface of the diaph The addsiion of special film proce-
dures such as stercoscopy. decubitus films, and scctional roentgenography
are called on to make the different gas mjection studies more productn e

If 1t 15 indicated, asprration biopsy of a lung lesion can be carnied out,
but abways under roentgenoscopic gwmdance and after careful planning
of the approach based on presious films and fluoroscopic findings ~ Where
there 15 rehable evidence of non-resectability of a lung fesion but 1t 15 snll

be secured after an aspiration bm;;s\ to deternune whether a pncum‘n-
thorax has developed

There are several newer develop 1n diag logy of
the chese that have a possible significance for lung cancer, One of these
w the employ ment of tigher hilovoltiges n the making of chest films,
t¢.mn the range from 100 to 150 by Somew hat specnal x-ray equipment

-
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process should be finally diagnased on the basis of 2 tomographic exami-
nanon alone

Contrast visuahization of the heart and great vessels by the injection
of a bolus of radiopaque macerial such as jodopyracet occasionally
emyoys a place of some consequence in the roentgen work-up of Jung
cancers  However, to say as some have that it should be 2 parc of the
rounne work-up of patients suspected of having primary ling cancer
wndicates a lugh degree of oyeremphasis and attests to a fulure to integrate
roentgen diagnosis with chimeal management. Tt should be apparent thar
the need for hography depends considerably on the role gen
to susgery in the handimg of makignant new grouths of the lung. YVhen
the thoracre surgeon 1s most radical m his appmnch, there ss less need for
contrast visualization, but when he 1s less agressive, contrast visualization
1s more often justified. In general, canditions other than blood vessel
mvolvement generally comirute the bass for non-resectabilicy. Saus
factery visuahzavon of the [ung vessels can be done with standard office
equipment, but when heart chambers or specific areas of the great vessels
are to be shown, some method of obtaining a rapid sequence of films i
gencrally required

Angrocardiography mav serve three general purposes in cases of 56
pected lung cancer.  Fiost, 1o may further the diagnosis Second, after
the diagnosis of tumor seents secure, It may aid 1n defining 165 Tocalization
and cxrent.  Lastly, 1t may reveal more precisely the effect the mass has
on the vessels.

Canerast visualization may [43&d
lar anomaly of the lung vessels,
of 2 mediastinal or ;u,\mmcdmrmnl
aneurysm  These problens can often
I'veryone has come to realire chat all
be treated by resection 1f posstble.
relishle “ay'm d:ﬂ'cremmrg Dbetwecn a bensgn and a’mnhgr;mt pf:;ﬁ
Is to obtam histologic proof Hence -2y findhngs in the unguirhaut
suggesting that a Jesson s bengn, such as gentle displacement

ECNg pning®™ bed by the 0pige
narrovang, wregulanty, or “s@NG of the tumorb ¢ have yet 0 B¢
liquid, not only can have no practical applicatiot gsumncc'lhﬂf Jong
proved dependable. There 15 no way by \\'hxfh ar'\ s
sumer 1s benign can be mase nngmcardnogrﬂphlf'“”’ aplete obstruction

Alarked dusplacement of a great vessel, narrowingy i‘ozhfse ay SUPPOTE
and actval vessel invaston by gumor, one or more : howerer it b not
an opinion of non-resectability  In our eapessenc 4 1essel duc 1

i rrov e A
been regularly possible to distraguish berween ’.\ﬂ:z ; e th bosis
fon 2 g il jc tumor my 3 10
compression and one having intrms

i romor it ahe-
and embolization giving -1y findmgs sinwlas to thase of

Lilish w hether ot not the lesion fs 4 vasct-
or 1t may be needed to settle the patuse
density if there is any possibihty of
be decided by simples 12y means
primary’ umors of the lung shouhf
Ir follows therefore thit che only
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ment, the situation is further complicated  Contrast studies can be of
great help 1n demonstrating the nature and extent of the vascular lesion
n patients with mediastinal obstructive phenomena, although a broad
locahization can often be done quite well chnically  One should be par-
ticularly careful m doing anglography on patients with venous obstruc-
tion because of the increased possibility of thewr developing a thrombo-
phlebitis A less concentrated opaque sulntion should be used with chese
panents  The occasional death resultng fmm angiocardiography should
also wamn that not only must the ¢ 1o 1ts apg
carefully observed, but 1t should be used onfy when there 1s a fair chnnce
of 1ts accomplishing \\orth\\ hite resules

An induced s ble a5 a dng dure m
the roentgen dmnnmls of lung tumors on rare occasions hcczmsc 1t may
be a definite means of establishing that the lesion 15 eicher pleural, pul-
monary, medustinal, duaphragmatic, or cardiac in location  Generally
speaking, 1ts chuef indication would scem to be in diferentiating berween
a surgical disease such as tumor and a nonsurgical one like hermation
or eventration  Masses on the iner surface or localized hernias can cause
a shadow at the lung basc dsfficult to diagnose precsely by x-ray unless
pneumothorax was done A dugnostic pneumopentoneum combined
with the pneumothorax would provide clear idenufication of both dra-
phragm surfaces and rarely this may be the onlhy way, short of surgerv,
to tell from where a mass leston arsses  Fortunately, the normal gas
bubble 1n the stomach makes this side of the daphragm easier to evaluare
by roentgenology than the mght  Retrorectal pneumography ts an al-
ternative to consider instead of pneumoperitoneum, as a way to reveal the
abdonunal surface of the diaphragm  The addiron of special film proce-
dures such as stereoscopy, decubirus films, and sectional roentgenography
are called on to make the different gas injection studies more productine

If 1t 15 indicated, aspiration biopsy of a lung lesion can be carried out,
but alwavs vnder roentgenoscoptc guidance and after careful planming
of the approach based on pre tous films and fluoroscopic findings * Where
there 1s relable evidence of non-resectabulity of a lung lesion bur i 15 stll
umportant to obtain a histologic diagnosss before embarking on a course
of radiation therapy . 1t would seem justifiable to try an aspication biopsv.
espectally 1f the radution therapy can be planned m a way thae it will
wnclude the route of the needle A postoperatne chest film should always
be secured after an aspiration biopsy to determune whether a pneumo-
thorax has devcloped

Lo - v

re,n the range from 100 to 150 kv Somew hat special Y-ray equipment
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and additional protection problems are entmled. The method has now
l)fcn wried snfﬁmcntly long to pernut it to be fairly reliably estimared
The techmque provides a film with less conteast bue one 1n  hich there
is less mashing effect by bone and mediastinal structures o whatever
smafi depostts mughe be present. That it really accomplishes sufficiently
more than good technique v ith ennventianal methods is debatable, While
quite widely employed ac this te, 1t 15 by no means universally accepted
With the recent manufacture of 2 0.3 mm, focal Spot Y-ray: tube, it seems
possible fo demonstrate small sefected areas of the lung in'a husle greater
derail. Perhaps some of the tung lesions will permie magnification with
this techmque and it may be possible to extend one’s ability to judge
calcification  As yet we have had no personal experience along these
haes, but 1 would seem worthw e o im estigate the fnteresting possi-
bilities of this new technique
A thurd nnavanon 15 based upon the use of voltages in the range of
one to two million. Consequently 1t employs x-ray therapy apparatus
which 15 not really suited for dagnostic purposes  Its advocates feel that
it may offer some advanrages i survey wark of the chest beciuse the
obstructive effect of the bones and the medusunum s largely overcome
in this voltage range At this time however the long ctpmurc»requxrrﬂ
and the large focal spot cause blureng with loss of detail, and an m’crmrd
amount of radanon evposure to the patient. These, along with the
expenstse equipment and 1ts poor design for diagnostic purposes, plice
thus method defimeely i the expernmental stage. _
No discusston of the ar arum of d i Y m
lung cancer can be considered as thorough v ¢
photoraentgen chest survers  While on’glr]ﬂ"." concewved as a r]ntn;ls‘:“
finding tubercvlosis, and as yet sull receiving rheir main sumulus l'l
this function, x-ray surveys of the chest are revealing a cercam num m:
of unsuspecred and sometmes curable lung nc?plasms. Whﬂhc‘r) K?c\z
can be justifiably employed to find lung cancer in a kr_m\\'ﬂ mm’“hzr o
lous segment of che population remans to be determined It “sur?e :
that an ansuer to this pxublcm will be fu'nhcummg as our d:i:p adto}-
program is continued A number of phyn?mm"ﬂiﬂd fU"ogii::Sb;;r 4 more
cated such 2 procedure but one suspects their jdea is o ot chest
upon good intengron than on a thorough personat expenien
rveys.
SUTI‘:;‘;SDcpnrrmcnr of X-ray Diagnos:s ac the A\lm.nanal Cen;c:\'.::irwc:;}c:;
2ad Allied Diseases has just compiled ars findings in a f;‘:;[ :“ 1052, The
100 000 evarmmations and covenng a pertod from ¥ L ak gsympto-
@ e,
yee ranks,

o + ‘
1thout 2 connderation of

the outpatient department of €l tiuspiias, waw
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nere prcsumalﬂ} themselves specull\' nterested m mncer and therefore
were considered to be mare ble to s for d
and treatment once a lesion was discorered, than would a random gmup.
The entire hospital staff 1s of course prunanly oriented to the detection
and management of neoplesms. The -rav department arranged for alf
chest survey films (4 x § tnches) to be read mdependently by two roent-
genologists and for the opiuans an questtonable cases to be correlated
by a senfor staff member  Often a compartson with chest photoroentgens
tahen in preceding years was possthle  About 20 per cent of patients
revorned for yearly sudies
The ages ranged from § to 84 with most patienty falling into the 40-
to $4-yean column. Ages drupped equalh on both sides of tus peak
Ob\wush this 15 too young an age drmbenon to be wdeal for ung can-
cer detection  Females ournumbtred males ahout three t0 two  Out of
the total of 100000 persons exammed, 14 unsuspeeted primary cancers
of the Jung were proved tustolugically  Serenteen of these were tonally
a5y mptomatic, seven had svmproms which, though mild, were neverthe-
less sigmificant as taew ed in retrospect  In farrness, st must be stated that
m some of the seven symprommanc patents ther complaints wese so
shghe thar they would readily escape the routne questioning as con-
ducted in a busy cancer detection chme  Seven of the 17 asymiptomatic
lung cancers were resccted, six Were non-resectable and three were non-
operable  One refused surgery  In the seven sympromatic cancers one
was resecrable and three were not, tho panents were nut operable, and
the final patient was lost to follow-up  No five-y ear cure has appeared
a5 yet  The tuberculosss cases discorered were carslogued as 271 pre-
sumablv stable, 430 potenuatly sigmficant mbcuulnus lestons, and 18
significant and proved cases of pulmonary tuberculosss.  The 430 poten-
tally cases are und dd, ! evaluation.  Apart from
the ‘tubercalosss and Jung cancer casc-ﬁndmg thae the suriev accom-
phshed, an mterestng recorery of ather diseases was broughr to Tighe,
There were 14 lestons proved at operation conststing of four tubercn-
lomas, four hamastomas, and one cach of che following bronchiat ade-~
nomy, ling abscess, dermaid tumor, hiponn, bronchogenic cvst, and
hernuatian through the faramen of Morgagnr  There were eight poten-
tally siymificane bane lesons that were not proved histologically: but
which were prolably filirous dysplasia and enchondromz  Frie bone
lestons that were praved bistologialv mcluded three caves of fitwous
dyvsplasia, one nonostengenie fibroma, one multple mn eloma, and one
osteogenie sareoma whuch 1s now Iving with no evidence of disease fol-
Jowing resection Tuo cases of unsuspecred merastane cancer m the
tungs were abso revealed
One discouraging feature brought out m ths analysts was the occa-
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swnal error a0 film nterpreraton commiteed ven thaugh independent
dauble reading, good techniques, and trained x-ray personnel were em-
ployed  There wis an uncypectedly high degrcé of patient resstance
to the rec ded steps of diagnosis and trea . Susprising to us
aho was a certam dismrerest on the part of some physicians to recom-
mendations by the roentgenologise far further studies to confirm and
diagnose the fesion once st was detected by the sursey, Potent re-
sieance and physicinn dismterest tagether were cesponsible for 2 los
of follow-up on 62 our of 107 possibly significant cumor-like abnormal-
ties broughe to ight by the phatoroenrgen sunvey. There was aften g
serious time fag Defore definne treasment  The advanced stage of
some asymptomatic Jung cancers is always disheartening. In general 1t
must be said that the accomplishments of the project as regards csncer
of the hung, while somew hat less than might have been atcamed, shoved a
Iugfier detection rate than has wsually been repatted fn chese surveys.
As much as one dishihes relatmg human hfe to money, there seems to
be so much need for the medical dollar that some balance must be hept in
farrness to all  Furthermore, one knows that our economy cannat jusnfy
surey expenditures bevond a certam point. While it is of course m-
possible to £t an enact cost figure, o5 nearly a5 we can defermine the
amount of moncy required to bring a rescetable cancer of the lung to
operation was abour §5000. Such z figure neglects the very resl con-
tnbution of the discovery of other significanc discase, particularly tuber-
culosis, but the amount has real value m establishing the cost of finding
potentially curable lung cancer  These findings as » ell a5 those re-
ported by others indicate thar a thoroughgomg revision of most chest
surs eys iacluding the present one 15 needed before th‘cy can be remr!ﬂv
mended solely a5 a lung cancer-finding procedure, First there mgsr );
film interpreration by mature roent logists especially ﬂ"v
evpenenced 1n tung cancer. Independent dfwuh)c mdmgs'setm nttc‘:w
sary Al possible technical mprovements in survey Glming mos o
attlized  Then there shoald be some way to impress upon patients ‘cn
fore they are accepted 1 a survey that they are obligated for' lhl;l;l‘c:‘n\ i
welfare to follow promptly the recommendations that are gwen

a Jeston should be found 1t also seems advisable 1 develop @ s;wc:}é
team of chest mntermust, pathologust, thoracre surgeon, and dx:g;:sr;; ;5
roentgenologist to whom the di is and E)f suspm‘;aui‘ e
will be entrusted  Besides all thus an efficient organizanos, f':c N
wpon a detection center, autpatient’ department, or social ;el‘n cxch.w. T
quired to carry out the necessary pruent £ontacts and bool :ngmchmi—
a survey for lung cancer slone were to be cnndur:]tdedl, tq::h:md, e
wations regarding the people 10 be surieyed woul ) u;:h et of
age should be closely restricted to paratlel that of the big
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lung cancer  The survey should be directed primarily to the male popu-
latron and apparently 1¢ should also mclude the heavy cigaretee smokers,

THE FORMULATION OF A ROENTGEN DIAGNQSIS OF
LUNG CANCER

OvTuine of RoFatoen Diaenosis oF Lune Cancrr

1. The rocntgen charactersstics of che primary mass
A Appearance
1. Locaton
Bronchial
(1) endobronc hual
(2) exobronchial
(3) combmed
Pulmonary
(1) chest wall
(2) juxtamediastinal
(3) lung root
(4) diaphragm
(5) supenor sulcus
{6) central
Shape
a Endobronchial
(1) spherical
(2) plaque
(3) annular
b Exobronchul
(1) sphencal
Size
Borders
Texture and density
3 average
b calaficaton
c abscess
B. Effects due to pressure and or imasion
1 Bronchus
a obstruction psmnl, complete, ball-vahe
(1) atelecrasis
{2) emphysema
(3) mfection
2 Vessels
a dssplacement
b nasrowing

»
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THE FORMULATION OF A ROENTGEN DIAGNOSIS OF
LUNG CANCER (Continued)
c. obstruction
d. wmvasion
. Nerves
a. paraiysis
(1) vecurrent laryngeal
{2) phrenic
Pencardium
Hearr
Lsophagus
Bones
Chest wall
Pleura
10. Diaphragm
11. Roentgen charactertsttes of metastases
A. The merastases within the thorax
1. Appearance
number
b location
¢. shape
d size
borders
. texture and density
Fflects due to pressure and/or invasion
bronchus
sessels
nerves
penicardium
heart
esophagus
bones
chest wall
pleara
chaphragm
k. lungs
B The metascases outside the thorax
1. appearance
2. effects
3 specnl chmcal states
[IL. The development and course of Jung cancer
A. Growth rate
B, Treatment effects
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There are three possible morphologic changes that may tahe place 10 2
ussue or organ  These are loss of substance or ulceration. replacement
by abnormal materal or mfiltration, and overgrowth or tormaton of a
mass  Ieas this last change that 1s of paramount sigmificance 1n the roent-
gen diagnosis of lung cancer because 1t constitutes the basic dignostic
unit. The mass due to lung cancer hay two general categories of x-ray
findings that must be evaluated  The first 15 appearance, which 15 com-
posed of stze, shape, borders, texture, densitv, and location, and the see-
ond 15 the effects produced by the mass upon the different structures
wittun the chest. The possible effects are tw o, that of pressure leading to
displacement or compresston, and that of mvasion or growth mto neigh-
boring ussues  The structures upon which these actions may be demon-
strated roentgenologically are vessels, nets es, bronchs, hears, pericardium,
esophagus, chest wall, bones, pleura, diaphragm, and the lung ttself

In addwon to the \-ray findings due to the primary tumor mass, a
second group of changes stems from the metastases  The appearance of
any metastatic deposit and the effects it produces are considered m the
same order as those vuthned for the pnmary tumor  The exammer deals
first with the metastases 11 the chest, such as those i the lung root,
medsastrnum, opposite lung. bones, or pleura, and secondly he evaluates
those deposits that occur elsew here m the body

Finally, the information that has been obtained by this systematic
analysis must then be reliced to the hnown Iife history of lung cancer,
1s duration, growth rate, expeered compheations, and the effect of any
treatment that may have been gven  To do this satisfactorily the roent-
genologist needs a thorough hnowledge of the development and course
not only of lung cancer but of the other discases that can produce simdar
roentgen mamfestations

There will be many occastons when 1t will not be possible ta judge
esch diagnostie pomt fully because of mashmg by such condinens as
flud, pneumonua, atelectasss, or the very bulk of the primarv or sec-
ondary masses of tumor However, it 1s often gratify mg to note to what
degree individual findings can be 1dentfied by 2 careful amalysis of the
roenegen films  This approach to the roenegen diagnosis of lung cancer
has the advantage that 1t tends to reflect the actual changes occurnng
during the progress of the disease

The primary tumor 1n 155 early stage may be located erther enurely
withim a bronchus, completely outside the bronchus, or, as 15 mure often
the sttuation by the tme the cancer becomes symptomatic, both endo-

and exot hia) comy may be present  All poimary
tumor masses detectable by conventional films must imvolie the lung
substance (o some evtent ~ Because lung cancers may occur anyw here
along the bronchral tree or wherever there is lung substance, we doubt
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that there 15 much practical value for ronne~-  * .
that most n-- - .
Eml p(\ﬂs .btuulﬂglbt must assume rtspnn-

stbility fo. wue wiscovery of any eancer in any Jocanon provided it falls
within the range of detectability. In ths connection 1t is important to
know that there are certamn relamely blind areas of conventonal roent-
gen films that desen ¢ special scrunny.  Small lesions in the juxeamedus-
tnal position n exther hing, particularly at the manubnal level anteriorly
where the two lungs can be m apposition, may not be seen without 2
lateral view. The retrocardme areas are other relatively blind spots of
the single sagiteal chese film A small tumor m the extreme apex of the
fung may ako be difficult to denofy. Then agan densities that are lo-
cated postenorly ar the Jung bases may be obscured in the single sagittal
film by the curve of the duphragm  The masking effects of the bones
have been mentoned,  Small deposits in fung substence adjacent to the
lung roots can be particularly difficult to recognize sithough an mtmate
knowledge of the normal rocnrgen pateern of the tulus witt make such
problems less frequent.

The customary density of lung cancer rocntgenographically 1 !haz‘ of
water, the same as that of the vessels, pleurs, daphragm, alt body fluids,
and all other sold argans evcept the bones, The testure or structural
pactern of 2 lung cancer can varv rather considerably, but this varation
occurs usually onty after it has attamed considerable size. Ty lung
cancers are regufarly homngencous and structureless, .hnvmg no pattern
ar texture  Some of the changes that may tale plice in the structuze ::1
the lung cancer can be used as an ard w 15 recognition  Ones e~ ™5
the cancer may he o~ ) :
There may occur
presence of locals, p eyovise

Necrosts 15 one complication that may marhedly affect ¢ ¢
pattern of the onginal tumor when it 15 followed by hqucfnlmnn ;‘;.
emptying thmngh a bronchus  Certam roentgen pmn’ts have m“d“anc
shaled regarding the differential diagnosss of a pyogenic abscess an .
due to nectosts of a malignant turor  While these are r{f 50"153'1{"I N
to the rocntgenologust, they are not of grear pracrirat fmne
cause one vt .

:l:t‘.crs: :til( cwig s uat ge 2 strong clue to 1S deadly “;‘"'
rure, this 15 not always the case  There 1s no way that the examunes &
e absolutely certam of the diagnosss of a solitary K
a single roentgen exapumatton. Ahsces;‘i fur:m‘t‘l;":n':’:.‘mumpk sepate
muluple i a tumor, but these are confiuent,

lung abscesses ate almost ahways nflammatory.

he internal

pyoageme abscess on
accasonally be
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Another way for the usual homogeneous texture of lung cancer to
be altered 1s by calaificason These 15 no reason why a lung carcinoma
may not develop at the site of an eustng calcification in the lung and,
by growth, associate the calcium depowt with the tumor  Furtlermore,
i the later stages of tumor growth ic would seem theoretically posstble
for calctfication to develop m the tumor stself, because any area thar
may necrose may in e calafy Tt 1s beliesed therefore chat the mere
presence of calaficatron withm 2 mass 5 not sufficient evidence to exclude
completely the possibtlty of cancer However, a more searching study
of the calerfication might reveal charactenstics by which cancer could
be excluded  For instance, if the calafic deposit were single, cepteally
placed, relanvely large, and located wehun a sphertcal water density mass
with distiet border, and especually 1f the calafication were deposited m
concentric rings, then 1t 15 believed that tuberculoma could be diagnosed
and cancer effectively ruled out

Occasionally the primary mass can present clearly defined edges, so
distnct that a cystic leston may be suggested  QOat cell cancer tends to
do this. On the other hand the margin may be quute rrregular and b
defined with an appearance resembling pneumonsa or a patch of tuber-
culosis  Squamous carcnoma and terminal bronchiolar carcinoma may
look this way  Usually, however. the periphery 1s farrh distince an most
lung cancers  Nevertheless, experience mdicates that the border 15 sub-
ject to such vanaton that it generally has hule to do with the roentgen
wendificatton of a leston as Jung cancer

The shape of lung cancer 15 spherical 1n almost every mstance by the
time st first becomes visible roentgenologcatly  This spherical shipe may
Teman as the tumor develops or st may undergo ceream modifications
For example the cancer can assume the configuratiun of a scgment or cven
that of 2 lobe VWhen the tumor reaches a pleural surface, 1t tends to
present a flattened aspect along thac border  If the neoplsm 1s endo-
bronchutl, the different shapes that it mav assume are either spherical,
an elevated plaque, or an annular defect of vanable length surrounding
and marrowing the bronchul channel  The sphercal tumor wall appear
453 circular filling defect of water denuity n an otherwise normal bron-
chual rube 1f b hography or graphy s done as n
the trachea or large bronchi, the surface of an intralummal mass can be
demonstrated 1n double contrast by means of a thin laver of opaque
coang A bronchual nirrowing, whether svmmietrical or an mmetrical,
smooth or trregulir, may be due to a completely endobronchnal tumor,
but 1t can ala be caused by extrmsic pressure on the bronchus and by
bronchual imaston from without One possible clue to the ongm of the
narrowing would be v-rav evidence of bulkv disease aueside the can-
stricted ammway.  Generally speaking, howcier, there 1s usually Irerle in
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the shape of the bronchial canstriction that 1s specific for an vray dug-
nosis of cancer, For mnstance, the narrowing associated with other forms
of atelectasis cannot be distmguished regularly from that cansed by 2 hung
cancer in which the configuration of the shut-off may be abrupt or fusi-
form, simooth or wregular, straght or curved. Of all these, separately
and in cheir varrous combinations, it i only when the obstrucron 1
abrupt with a spherical or cony e intralumenal defect that tumor is rather
definne.

The effects brought about by the primary may be comphcated and
varied.  Fundamentally these are either pressire or invasion changes,
and of course 1t 1s not possible 1n alt circumstances o distinguish roent-
genologically berween the two  Fortunately st is not necessanly m-
portant that such a dsstincrion be made.

The condiwons that 2 cancer may bring about because of bronchul
obstruction are of particufar mterest to the roenrgenologist because they
oceur so regularly that their presence aids macerially in diagnosis. The
tomor may cause exher partial, complete, or an intcrnuttent broncha
abstruction, the latter constituting at times a so-catled ball-vah e phenome-
non. Bronchial occluston may bring about various condimons distally
such as atelectasts, emphysenn, and infection as well as combinations of
each of these. If the bronchial obstruction shifts in Jocation, so tag will
the changes that are based upon the nacrowing. The shifting nature of
these findings 1s m itself an mmportant piece of roentgen evidence for
hing cancer )

There 15 often nothing particularly suggestive abour the atelectasis due
to lung cancer  The collapse may be lobular, subsegmental, segments
or lobar, or it may even mvole the entire lang A thorough l:rjo“)cdgt
of the roentgen 'dmgnusxs of atelectasss is of course a prerequistre, but
besides this cestam gspects having special sigmficance for the rocntgen
diagnosis of lung cancer need emphasts j\Iany times it s pnssnbls r:
distinguish the presence of the tumor mass itself from the acrnmpnnf} llr:,;
atelectasis bv the presence of a bulging or Jocahzed enlargement of ¥ ¢
shadow due to the collapse, Furthermore, bccn‘m? there 5 o a-f(:? :;c
companymg disease of one form or another within the ucmity o c—
ate!ecms'is‘ one must not always expect to sce the t}'Fchl roentgen pr '
ture of collapsed lung Tt presence of finid, infection, ar, as we ha
mentioned, the tumor mass sself, may hide the morc strhing men!gtl:
featares, and consequently one must depend upon the seamdar{ ng“f:
of atelectasis, such a5 a change in the normal positton af the l\g}, l‘;ccd‘
displacement of a fissure, ;r émlure of the mednistinum to be disp
m resence of pleural flm N

tohlfstx;ucsnvc cmp{;ysema due to lung cancer may have 3 dxst}r‘li';;l:f":
simular to that of atelectasts Emphysema that is due to bron¢!
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of the tumor  There arc instances of five-year survivals follow ing resec-
non when a nerve paralyss had been present.

Invasion of the pericardrum and the heart by neoplasms of the chest
15 not nfrequent.  Generally speaking there are other more dependable
ways of detecting heart and pencardial involvement than by means of
routine Y-rav studies, However, detection of a mass of tumor dsesse
adjacent to the heart, an enlargement of the heart silhouette taking place
during a relatively short period of observation, and the presence of an
abnormal cardiac contour along with fluoroscopic evidence of alteration
1n the function of the heart and great vessels, are suggestive of tumor in-
sasion. If it scems worthwhide clmically, then opacificatton studses of
the heart and great vessels may be more revealing and informate.
While there are many roentgen signs that suggest a pericardiat eﬂ'usfom
usc of angiocardiographic methods permirs an unequivocat roentgen diag-
nosts of this condstion.

The esophagus lends ieself partrcularly well to roentgen evaluation
as to whether it 15 pressed upon, displaced, narrowed, or iavaded by
tumor. The location of this organ transversing the medustinum and
possessng so many vital relationships wjth structures not othersise easify
shonn radographcally, serves to make it an invaluable mdicator of dn-
turbances not othernise readily determmed  With careful roentgenos-
copy, accompamed by approprite films, it 1s usually possible to deter-
mune whether an esophageal defect 1s extnnstc or intrinsic. In instaaces
of obstruction cawed by tumor, the entre extent and gcn:rnl character
of the avaston may be seen, whereas ar times these an'na:. be fu!l,\h'
judged cnduqcop:cnil.\x Primary lung cancer can p,rcvcnr inrtially “:‘3
symptoms suggesting an esophageal obstruction 1When endoscop) @

have farled to establish which site s the primary, that 3s, esophagus
been able to da so

usually best derer-

bropsy
or lung, carcful roentgen evaluation his oLc.mnm)l):
The presence or absence of an esaphageal fistula is el
suned by roentgen examunanon. One frequently reads that an ll;i -
ot should be employed for apacification of thevcsnphagus " hc,llnanm "
s suspecred so that any entry of the matertal into th h‘mg,:j “l‘l it
harmful  Qur experience disputes this because the fodized oi ;;E“ )
prone to droplet formation and fahng to cling to m?co“;::;o e
enter into tiny aperturcs, arc poor substances for ourlmmg; - ;ancn!
and depretng fistulas, Jr s usually (a}' mare mportant I e e be
that an accurate disgnnsis of his condition be made than th ol
pard to the chance that banum may enter and damage :S:m uls!c ot
therefore we regularly employ barium, taking care nfi cm;u.d o
15 little as possible  1f any docs enter the hngs, it s c.\;x‘cu ‘ hn}:" T e
Direct mvasion of the bones of the chest by 2 perip 1craU " (ﬁ;t pri
sometimes takes place. The roentgen appearance Is usually
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1ts metastases 18 quite uncommon  Most episodes of pueumothorat due
to tumor are found with The develop of
pleural flnd may be caused by the plearal metastases

In short, all those condimons due to pressure or actual invasion of df-
ferent organs such as the bronch, hung, pleurr, vesscls, nerves, heart,
perteardium, duaphragm, bones, and chest w all, which have been de-
sertbed befare in connectian wueh, the prunaey tumor, can be brought
about by the metastanc deposs  Generally speaking, however, the
bronchial effects tend to be much less freqeunt in rhe case of the metas-
Tases

Sometunes those merastases taking root outside the chest may provide
the outstandsng cliucat feature af the dwease, ceustag the patent o
appear wich the pictase of bram tumor, pumary bone tumer, spon~
raneous fractuse, or hoarseness, One albed chnical state deserving pat-
acular mention though not refated to dutant metastases outside the chest
1s that of pulmonary osteo-arthropathy  Aay case of “rheumactsm”
hat ing been evarmned roentgenologically and baving @ symmetncal peri-
osteal resctian of the parallel evpe along the tubular bones of the amms
and legs must have a soentgen exanunation of the chest, to deternuae
whether a cancer of the tung 1s present as the cawse of the patient’s
complatats

The final step i formug an x-ray diagnosis n tung cancer concerns
relating the different v-ray findings to the hnown Iife history of the
dreace.  [aformanna dertved from sernl filns on many pavientss wich
Jung cancer sndicates that the duration of Jung cancer from the time st
ean firse be detected on a chest film o the sy mptomanic stage can be
much Jonger than previousty suspected  Several lung cancers i our
experience have shown stow growth over a period of several vears and
athers are reporning a similar experience  The rocntgenologne therefore
must be prepared o brorden s concept of the over-all duration of this
diease which heretofare bas been hased upan the length of life afeer
symptoms developed.  When one realizes how slowls some of the wmali
fung cancers may prow, another argument agun\r' the fally of usmng
uncontrolled mren at studies m order ro arme ac an v-ray dugnosis 1
provaded T

The subject of roentgen dirgnosis cannot be completed wthout gnung
special emphasis to the detection and diagnosis of the early, usually

1mor discon erable 15 that of the tiny nodule out m the lung field  Un-
forrunately there 1s nothg to distinguish thes from a number of other
festons frving a similar roentgen apperrance Therefore, the only safe
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Bronchoscopic Examination
Herserr C. Maer

The bronchescopic evammnauion should be regarded as onc facet of
the diagnostic work-up of the patient with suspeceed neaplasm of the
leng  The endoscopic findings should be correlated with the information
derived from the lustory, physical exammnation, roentgenograms, and
ather laboratory data Tt follows therefore thar the best assessment of
the bronchoscopic findings will be obraned when that procedure 1w
performed by one who 1s also well vered m the dragnosis and therapy
of pulmonary drseases of all types. Smce the bronchescopre findings in
some cases give crucnal informarion concerming the location and estent
af the neoplastic process, close correlstion between the endoscopre mrer-
pretation and surgical therapy s destrable

Bronchoscopte exanunation of the tracheobronchial tree can be an
important adyuant in the dugness of some cancers of the leag ft s
essential, how ey er, that this procedure be placed i 1ts proper perspectne
n the complete diagnostic 1mestigation of a particular patient,  The
tocavion of the abaormal shadaw on the roentgenogram 1s one of che chief
gurdes to the potential sigmificance of 4 posttn e or negatrve bronchascopic
examination  1f the central pornon of the shnortmal density 15 close
enough to the hilar region to permut endoscopie visualization of the m-
vohed bronchus, the bronchoscopic findings mav be of great sigmfi-
cance m differennal diagnosts 1, on the other hand, the lesion in ques-
nion 1s maore penipherally focated, hironch may have lnmired value
except as ¢ means of collecting secrettons for cytologic exammuon  In
the rare pattent who n proven to have bronchogente carcinoma mn spiee
of a negatne roentgenagram of the lungs, the diagnows is usually estab-
Ished because aa alere physiclan apg d the ¢ hiag
role of bronchoscops when symptoms suggese a centsal endobronchial
ieston (Plate 2-A)

Bronchoscopy may aid 1o the differentunion of aeaplasuc aad aflam-
mrory Jestons of the bronchus  When a tumor 1s present 1 the more
central portions of the trach 1 tree, | py may permit
direct visualization of the growth and the secorng of 2 biopsy from which

Q.




PLATE 2

A Right lung removed from a man who hod been bronchoscoped because of o
fransient gneumondis in the right lower lobe  The pulmonary infiltrotion hod
cleared on the roentgenogram prior fo operation  The tiny tymor is seen as @
small area of thickening in a hranch bronchys af the lawer lobe which s located
between the 13 and 14 ¢m mark on the adjacent ruler. Patient alve ond well
11 years after operaton

B Sogtol section cut through left fung removed from o diabefic patient who ‘;:j
a hemoptysis  Tumor is located in the upper portion of the left upper ;i(w -
necessity for telescopic lenses fo visvalize the fungoting growth m the i
Jobe can be seen from the suraical specimen. Porient iving ond well 11 ve
after pneymonectomy.









€ Surgieal speamen with bronchus <ut open demonstrotes o granvlar fu .
growth charactenstic of bronchogeme carcinome

O ot porion of resected tight upper lobe shows a smooth raunded tumar with
the unatroched Portian pratectng 10 the line of surgical resection Typrcal gross
oBpecrance of g broachial adenoma  Recagnition of the character of the tvmor
Tesuled 1 the sparing of the nght middle and lower lobes  Smilar resection

deie 10 @ bronchagerse cartimoma would hove been an inadequate procedure
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a defimte pathologic dugnosis can be established (Plate 2-B). Siace
only a very finiited portion of the entire bronclual tree can be visualized
through the brnnchosccpe, even with the aid of telescopic lenses, it
should be obwious that the farure to see a tumor in that portion that can
be snspected, 0 no v ay rules out the presence of a growth in other por-
nons of the lungs.

Considerable confuston has resulted in the minds of muny physicians
because some endoscopic chinics have reported that a positive broncho-
scopic biopsy was ebtaned in up to 60 or more per cent of their cases
of bronchogente carcinoma  Such dara would seem to suggest that 2
negatns ¢ bronchoscopy was quite significant in ruling our the presence of
cancer of the lung  This 15 far from the truth because many a patient
with bronchogeme carcinoma may show no endoscopic evidence of the
neoplastt i the earlier phases of its growth, whereas months later the
tumor may be visible chrough the bronchoscope becawse of evtension
medually,  AMeanwhie, however, the lesion may have metastasized.
Therefore if one considers only chose bronchogenic cancers which can
be seen through the bronchoscope n the earlier phase, the percentage of
positive biopsies is quite low  When the radiologically demonstrated pul-
monary mass is more pertpherally located and does nor merge warh the
normal hilar and mediasunal shadows, few cancers can be biopsicd eveept
when the growth 1s present m the larger bronchial branches of the Jower
labes
Since most cancers of the luag are of bronchogenic origin and tend 10
ulcerate, cast-off cells from the surface of such neoplasms may at times
be obtained by bronchoscopic washings of the segment of the lung w nh
the cancer. The ¢ tologic examination of such secretions and N ashings
may considerably mcrease the percentage of positive preoperatis¢ d“S:
nases, provided the matenial is properly collected and then e\amu?ed h}s
an experienced cytologist  The method of collecung such sccrtl‘mns)l
described 1n the chapter on cytolagv., The utilizanon of propet m,:
nque can do much to inprove the value and scope of cyrolagic d‘]a:??&it

When a bronchogeme catcimoms s ¢isualized bmndwsco!)lm "‘cs
often presents as an irregular, nodular, or granular lesion “'h’_d‘ m“sd)
varymg degrees of bronchual parrowing (Plate 2-C).  The lesian t:n‘7
to Dleed rather readily in many instances  When the preseating PJT
the leston s not ulcerated, the exeramycosal infileration of the neop -'l::’g
may produce branchual stenoss with only a smtooth ot Fofizif!“thc
mucosa visible endoscopically.  The presumptive d‘ﬂ:‘""m;"’; onchal
comnion types of bronchogenic cancer and a benign e“} °”:m“ w
tumor that 1s bronchoscopicaliy visibie is wsually nac a dlfﬁl‘ll'l el
the expenenced endoscopist, although the gross appearance }S alianant
not o be conssdered a5 a final cneria.  As the incidence of malg
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tumors of the bronchs mcreases, the pescentage of Lenign growths be-
commes less and Jess  Although twenty years ago bemgn bronchial tumors
were stated to constitute 3 to 5 per cent of the rotal, such a figure
would no longer be cotrect. Bemgn endobronchial eumors are espe-
cually infrequent @ qule prucnts n the cancer age.

Although mfection of the bronchs distal to a bronchogensc earcinoms
1s common, 10 most mstances there 1s lietle sign of acute bronchial inflam-
mation prostmal to the growth  Caurton 1s necessary in ingerpreting the
significance of a negarne bronchoscopic biopsy , it 1s not unusial to ob-
tain 2 bropsy w hich reveals onlv chromic rflammation because the spect-
men was obtamed at the edge of an ulcerated cancer with secondary
mfecuon  To the esperienced bronchoscopsst the gross sppearance of
the carcinoma may appear 1o be so suspicious that the faiture of the
biopsy to demonstrate cancer mav not be gn en undue syynificance.  An-
ather bronchoscopy may then be indicated m order to obtam a better
thopsy.

As presiously mentioned, the bronchoscopic findings must be mrer-
preted n conpuncnion with the instorv and other data When diffuse
redness of the mucost of the trachcobronchnl tree 15 noted, an inflanuna-
tory process 15 suggested  Diffuse bronchospasm s more hkely to be
present 0 gssocianon wich mit No single ind finding,
however, should be ginen too much weight i wself. One of the lesians
which endoscopieally, radiologically, and chnscally can e readily con-
fused with bronchogensc carcnoma s erosion of 3 Lronchus by a dis-
cased penbronchual tvmph node Al preoperatne rests niy be inconclu-
sine in some such cases because a bronchoscopic biopsy showiag only
wnflammatory tissue does not rule out the presence of neoplasm  In such
wases the surgeon must make the final decision on the hasis of the opera-
e findings

Prior to a bronchoscopy the mam diagnostic possbrhines must be con-
wdered 3o that an appropnate type ot endoscopic evanunation s per-
formed and the proper subsequent Jaboracory tests of the bronchral secre-
tron are ordered  Yor ansttnce, if lipoid pneumoma enters inte constdera-
von in the differenttial diagnosis, care must be taken that the mstruments
do not have any mateml apphied to them that would wrerfere wich the
examunation for fat deoplets ta the broachul secrennn [ addition to the
eveolage studies of bronchul secretians, appropeiate bctenalogic studies
are ndicated  The sigmficance of the findings must then be analyzed
fater The presence of tubertle bacin or pathogemie fungt docs not
necessartly mean thar x neoplasns mav ot abo be present.

opic ¢ of the ¢ bronchial tree tiay gne in-
direct evudence of the presence of neoplasm even though such 2 groweh
nat dircetly seen Thus 15 espeenalle true when the discase s advanced

”
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Distortion of the tracheobronchial tree by a firm extrinsic mass, fivation
of a portion of the bronchtal tree by extrmsic tumor masses with varymg
degrees of bronchual narrowing, and w idening of the tracheal canna are
all suggestive evidence of merathoracic cancer. When the medustinal
iymph nodes are involved by metastatic disease or when there 15 wide-
spread mediastinal lymphadenopathy, these diseased nodes may interfere
with the normal mobility and fleabilicy of the tracheobronchial tree
In the normal mdividual the tracheobronchial tree elongates and enlarges
with each inspiratory effort. There is also an associared shifting of the
trachea and bronchn with respiratory and other thoracic motions, In the
normal individual che bronehs arc so flexible that when a rigid tube bhe a
bronchoscope 15 tmserted, ths flextbility is very apparent. In fact, much
of the endoscopist’s abihity o Jook nto smaller branches of the tracheo-
bronchual tree or to inspect arcas chat are not normally in direct align-
ment with the trachea depends on this mobibty, Therefore when the
bronchial mobility 15 lost becawse of disease n the adjacent tisues, an
expertenced endoscoptst can detect such abnormaltnes rather readily

Since even severe chronte infl v discase with lymphad rarcyly
causes the degree of tracheal or bronchial fication chat 15 seen with in-
vasive Jf the cndoscopie deter jon of bronchial fivation

- s
strongly pomts to the presence of cancer,  When such fivation 1s present

m the smaller bronch: of the lower lobe, it may be due to tumor m the
adjacent puln)onnry tissuc of the lower Jobe. In most mstances where
the fixation 1s prescat in the main bronchi or at the orifice of thc' upptll'
lobes, however, the rigidity of the bronchus is mparted by fucdmnna
metastases A marhed broadenmg of the angle of biturcation of the
erachea associated with fixation in this region is usually duc mf\lﬂmf
masses 1n the subeannal lymph nodes which push the two hrnncﬁl farer-
ally. Thus bronchoscopic exanunation can yield considerable m!nrmhﬂ;
tion concerming the probable etension of c:mccr.nf the lung mlm vta'
medrastinal Jy mph nodes and can thus aid in determinmg the feasibility
surgical therapy.

Bronchoscopic exammation i inva
concermng thlc’ endobranchtal extension of a tumor in the )u}nr p:rr‘:::‘
of the lung or trachea. VWhereas preoperative bmnclmscoplcﬁe:wm"{
tion may not always be necessary when there is an anymmptoma i
obviously remote from the hilar portion of the fung,

bronchoscopy
ftng with lesions anywhere n
not be omitred when dealing w y e eeohea-

luble in giving accurate mformatien

ear the range of
I

endoscoptc vision.  The upper hmits of the growth wi o
bronchial trec should be carefully noted, _trachczl and canina W
may demonstrate that the leston 15 not satisfactory for mut::eﬂ;‘)e pr
nectomy. In any case of cancer of the lung {ocated close I eher
2s seen on the roeatgenogram, but where for one reason
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Tot v may be constdered as p ble 1o p ¥y 4 pre-
aperative bronchoscopy mav lielp i decrding w hether 2 limited resectton
1s at all feasible  Whenever a cancer can be dircctly seen through the
bronchescope, 1t 15 rarcly feasible or desirable to do a Jess radical resection
than pneumonectomy unless the surgeon 15 deahng with one of the rarer,
less malignane fumors, such as the bronchial adenoma (Plate 2.D).

When a bronchogenic carcinoma extends close to the traches, know -

edge concermng the upper Jinnss of the growth are of utmost imporrance
ta the surgeon. The prowmal exter of the neop 1

mav be such as to preclude complete evurpaton without associated
tracheal resecrion  Although the thoracotomy often reveals the estra-
hronchual extension to be more extensn e thin the mvasion of the bronchial
wall atself, 1t 15 essenttal that the mtralummal and wtramural mvehe-
ment be assessed endoscopically before operanon  Submucosal infiltra-
tion usualfy exeends a varving distance beyond the stte of gross neoplastie
fewon Biopsy of the sybmucesa prountal to the growth st the site of
annapated surgreal cransection of the bronchus may reveal whether
neoplastic wssue would he cut across  Some endoscopsts recomniend
that a biopsy of the carina be obtained at bronchoscopy in all caves w here
the apparent mvolvement extends close to this regron  If such a carinal
bropsy were found to have cancer cells, the Jesion would usually be
wonsdered to be o advanced for surgeal eradicanion

Bronchoscopte examinanion should alwass inctude an mspection of the
larvnx  Any smparred motton or paralysts of the vocal cord should be
cavefully noted  The upper trachez should also be carefully wnspected
Althouglh tracheal neoplasnss are rare, we have seen several such cases in
which the dugnosts was missed on the fisst bronchoscoprc examination
because the operator taerrode the tumor on the iital insertron of the
bronchoscope and apparently drd nor carefully evanune the rrachea as
he withdrew the mstriment  When a patient manifests stnndor or has a
brassy type of cough, tracheat narrowing i< hikely to be present A
bilateral wheeze requtres d of tracheal pathology. The pres-
ente of dvspnea and harassing cough that tannut be evplaned on the
basn of pulmonan radiologic findings, also requires the ruling out of
tracher) abnormalits by thorough enduscopie visualization.  Not nfre-
quently the tracheal compression 1s cauced by metastatic discase n the
paratracheal hanph nodes, this i far more common than intralummal
extenson of the branchogenc carcinoma.

There 1v onc group of panients with cancer of the lung 1 whom
the advmbiliny of bronchoscopy shouldt be carcfully weighed before
deaiding whether this examination s wise When there 15 swellng of the
head and neek 4y a resule of vena eaval obstruction, Immclnnco}n may
enrul specnat hazards  1n such cases the obstrucnon to venous and hym-
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phatic dramage from the head and neck may result i considerable edema
of the larynx  If dyspnea ss already a problem, the slightest added mu.
cosal trauma by endoscopy can create a serious or even critical sicuaton
AMost lung cancers which produce the vena caval syndrome are located
along the paramediastinal portion of the right upper lobe above the ortfice
of the upper lobe bronchus, Thus they are usually not accessble for
direct bronchoscopic biopsy. It seems ill-advised, therefore, to perform
a bronchoscopy m this group 2t a tme when it 15 hazardous and ualihely
to give worthwhile informanon  1f bronchoscopic examination 15 con-
stdered indrcated, it can be performed a few weehs later, after the swell-
mg of the head and neck has receded following radiation cherapy or
chemotherapy
Bronchoscopic examnation for neoplasm in adults can be done most
safely with topreal anesthesta after adequate sedation  Properly applied
topscal anesthesta together with gentleness in the introduction and manpu-
fation of the bronchoscope are the chief requirements for successful
exammation  If these requirements are met, the author does not feel that
general anesthesta 1s necessary  Some endoscopists and patients, how ever,
prefer ineravenous anesthesta together with a muscle relaxane. Alarming
bronchospasm may occasonally accur when bronchoscopy 1s done Pnder
general anesthesta, especially with certmn drugs. Rca_ct‘mns 10 cocaine ar
other topical anesthetic agents can be reduced to a minimum by avoiding
excessive quantitses of anesthetic agents. One should desist from spraymng
a large quantity of cocane onta 2 mucaus membrane which has nlrcfld)
been abraded by an wnsuccessful attempt at endoscopic examtnation
Such mancuvers’grear]y increase the possibility of a drug reaction
In some quarters, both among physiclans and patients, bronchi
examination is regarded as 2 very disagreeable and distressing pe
ence Ths atntude 1s unjustified when the procedure 13 performed ! d‘ :‘
skilled and gentle endoscapist.  Although there is considerable :pdm lii X
vanation on the part of patients, partly influenced by rhnr‘gnggmgb‘%::"
ency, anatomical contour of neck and throae, ‘and emotional sr;rlo "
bronchoscopy should be associared only wtth minor dlfc_nmfrmv . Ks-
sedation before the procedure 15 most mmportant Aininuzing ¢ iy
turbance entailed by bronchoscopy will make the proc.cdur: ﬂ'm‘rrfd’;:atcéa
acceptable to physician and patient whenever this gxamination is 3
as at the first shght su che
Repeated bronchosc oot
recemeal removal of
ge surgieally resecred ot satisfactortly treated by mcn(gl;‘r:‘ dfl_;;d\:n:':
apphes chiefly to certan benign endobronchial mtn:;rrsc e be aten
mahgnant neoplasms. If the tumor s ~ascular, great o af the
to avoud obstructon of the airway and asphyvia due to aspr:

oscopic
experi-
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blood into the bronchi, When a lesion 1n the trachea 1s being treated
by this means, the danger is particularly grear when one lung 15 already
functionless and blood tends to run mnto the bronchus of the normal
lung. A double suction system should be asalable 1 such instances in
case one gees blocked with clotted blood. A bronchoscope with an
attachment for electrocoagulation should be employed in such rare in-
stances  The specnal swatons m which peroral endoscopic treatment
of b hial tumors 1 disc d further in the d ion of
these specific tumors

The advisabihity of pertormmg 2 bronchoscopy while the pauent is
expectoratng blood depends on the amount and persistence of the hemop-
tysts as well as the rype of intormation bemg sought  If only shght bload
strealang 15 present, the bronchoscopy need nat be postponed  When
larger quantinies of blood are bemg expectorated, the question of delaying
the endescopre evammmation depends on whether the site and source of
the bleeding are known A rounine bronchoscopy for biopsy of a radio-
logically demonstrared tumor had usually best be delayed untif the bieed-
ing has substded, the visualization of the grow th 15 then more sattsfactory.
When the nature of the leston and s site are not defincely known 1t
may be adrantageous o perform the bronchoscopy duning the tme of
hemaprysis i selected cases, so that the bronchus from which the blond
1 connng may be located.

In additron to 1ts place m the preoperanve recognition of bronchagenic
carcinoma, bronchoscopy may be required in the management af com-
plications after surgery and the i estigation of pmstoperative suspecred
recurrences of ncoplasm When a patient has some blood-tinged expec-
taration 2 few months or lacer after 2 pulmonary resection far lung can.
cer, 2 bronchoscopic exanmnation 15 mdicated to determine whether there
 evidence of recurrent neoplssm at the bronchial stump  Somcetsmes the
presence uf granulanon nissie without neoplasmy mav be the cause for such
bloody epectoration

Bronchoscopy plays a verv importane role mn those cases in s hich
there s postoperave retention of bronchial scerenons that cannor be
satsfactonly evacuared by coughing and tracheal suction. Such thera.
peutic bronchoscopies should be done with mmmal sedition and topical
anesthesa so that the cough refles 15 ot imparsed.
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Exfoliative Cytology in Diagnosis
of Lung Cancer

Georee N. Paanicoraou
AND AveriLn A. Liesow

INTRODUCTION

Historicar Notrs
Fragments of tumor were deseribed in sputum more than one hun-
dred years ago (1), and attempts to idennfy tumor cells in unstamed
material were reported as catly as 1487 by Hampela (2). Wer films
were studied by Dudgeon and Patnick (3) and were reported to hae
been used successfully 1n the diagnosts of cancer by Dudgeon and Wrig-
ley (4}, When the cviologte method hecame widely applied in the
study and duagnoss of uterine tumors, after the monograph of Pnpnmc'n—
faou and Traut i 1943 (5}, us togtcal extension to sputum and bronchial
secretions followed shortly  Wandall's cytologic and statisucal study
(6}, published in 1944, 1s 2n early landmark. In 1946 Papnnicn):mu 7N
pomted to the advantages offered by the applicaton of cytelogic tech-
fuques, as developed m the study of the vaginal secretion, to the dagnins
of cancer of the respuatory and ather systems. In the same ycar Hesbut
and Clerf (83, 8b) emphasized the value of bronchoscopically ohtained
secretions, Soon reports of a large-scale application n.f She mt[h‘fK‘ were
forthcoming (Woolner and McDonald) (9). The statisticat requirements
for evaluation of the pracedure were crineatly considered by worhers at
Yale (Liebow et af (10}, Harns (11))  The monograph by Fiﬂ‘ﬂ snd
assocrates (12), and the Papamenlaou atlas (13} not only‘ reviewed Pd"'
vious work but presented the results of evtensive experience, ﬁﬂdl ’;
seribed and 1llustrated critera for the dragnosss of different types of lung

realogic
tumors.  Progress 15 constantly bemg made 1n the npphc:mzzn (:ff). mlnf“_
methods to the stady and diagl of p y disease e
plasms  This work, hovi ever, must be regarded as sull far from compl
228
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for statung cancer cells, various methods can be used for staining cyto-
fogie smears. A procedure found to give satisfac tory results 1 spurom
smears 15 as follows:

Sranwye Procenuee 267 (13)

- Transfer shdes, wichour drymng, from the ether-alcohol fisatve to

80 per cont aleohol and run through 70 per cens and 50 per cent

alcohols meo distilled water, leaving in each solanon approximately

34 mmn

Stan for 4 min. in Harns’ hematovylin made w ithout acetic acid

and diluted with an equat volume of disnled warer,

Runse i disulled water.

Dip in 0.25 per cent hydrochloric acid five to six tmes.

Place 1n runnimg tap water for 6 min

Rimse n diselled water and fransfer through 30, 70, 30, and 95

per cent alcohols, leaving i each solution approvimnately 14 mm.

Stain i OG-6 (14) for 2 nun.

Runse i 95 per cent alcohol, three changes.

Stain in £A-65 (13) for 2 mm,

Runse 1 95 per cent alcohol, three changes.

Dehydrate and clear by runmng through: 1) absolute alcohol, 2)

absolute alcotiol and vylol equal parts, and 3) xylol, leaving m

each solution long enough for the smears to be thoroughly pene-

teated and thus dehydraced (nppm\»mnte]y % mm ).

12 Mount, witheur drying, wsing a coverslip and permount, gumt
dantar, Canada Balsam, or anv other neutral mounting mcd)‘unh
(Acid or basic maunting media will alter the stunmg reactions
and often cause fading of the stains )

patient affords the ap.pvfmﬂ"."

hial secretion by aspiration of

~ -

LR

TS0 %y

A bronchoscaptc examunstion of the
of ob g a purer speci of t b
lavage with a small amount of physiologteal salinc solution o

Several methods of collecting secretions with the use of the bron] o
scape have been practiced  The synplest procedure invol :; '(hc,;‘:dcs
a eotton or gauze pledget held 1 a Lroachoscopie forccps: This p i
direct gecess to matesiat siuated on the surface of a p:zmcu)xf br’onhc a
¥f the rumor 15 within reach of the forceps, this mc{hud 53 xdchi ‘u‘:[er
biopsy can then be obtamed just as eastly. Jn many insances, rhr;‘ds ore
the tumor 15 not duectly accessible and various aspiration mtd s
preferable, since they may provide maceral from diseally Ioc:r:or P
Asprratan may yield abundant secreions, bur if these src‘absen} bronchi‘l ;
ssotonse salme solution can be introduced to wafh the peripheral e
surfaces  The method recommended by McKay e al, (i6), ¥
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of the sputum mn that » 15 free from contamination by cells of the
squamous type decived from the upper part of the rcspira'mry wact, ic,
oral, pharyngeal, and laryngeal regions. It is therefore more pue, ss it
consists chiefly of celfs fining the bronchial mucosa, with oaly cecasiand!
pharyngeal cells carned in with the bronchoscope  Most of the bronchit
cpithelial cells are well-differentiated columnar or cuboidal cells and
belong to either the ciliated or the goblet type.

The aibated cells (Plate 3-1) can be idennfied by the oha, or in ther
absence (which 1s not infrequent m the exfoliaced state), by the dense
cuncular cefl border  The nucleus 1s usually oval and situated centrally
or near the provmal end of the cell. It is well supplied with chromann
that shows a granular distributton.  Bi- or mulunucleation (Plae 3-2)
1s not infrequent  Para- or pertnuclear vacuolation of the cytoplism 15
commonly seen,

The goblet cells (Plate 3-3) can be identified by their characrenistic
shape and by their basallv located nucleus, which may be pressed into 2
cuplike form, The cytoplasm ts filled with 2 mucoid secretion, giving
st a vacuolated appearance

The smaller undifferentrated “reserse™ cells that compose the deeper
lavers of the bronchul epithelium can be wdentified more confidently
when m clusters (Plate 3-4).

The tuo differentiated types of normal bronchial epithelial cells, the
ciliated and goblet. and the undifferentiated reserve celfs, are usually sen
1n bronchial secrerion smears  In spurum rheir presence is much less fre-
quent. On the other hand, the sputum contairs, as a rule, many squamovs
cells exfoliated from the upper portron of the respiracory” passages These
may be separated mto two main groups the superficial squamous (P“‘f
3.5), and the deeper or parabasal cells (Plate 3-6). Squamous cells, many
of which are derved from the oral mucosa, are usually found in tisge
numbers m specimens produced by evpectorauon rather than by deep
coughing.  peutro-

Histtocytes and polymorphonuclear leucocytes—particularly neu e
phils—are a frequent constituent of both sputum and bronchist sem:«,.
smears  The histiocytes may be divided o tno greups those tmﬂ’ucrh
1ng dust or carbon parucies, the so-called “gust cells” (Plate 3-;) “mml
are charactersstic for the respiratory tract and are found i bot non T
and pathologic conditions, and those devaid qf dust or c:nrhr'm S:eswcs
which re aften promunent in acute or chronic Jrfﬁ_nmr{umr} H ‘:nc
In such mflammatory reactions the histiocy tes eshibit }\lgher ngo?(yml
setmity and greater varabiliy in size and form, with T!:: ;ﬁ:}ﬁuﬁ
appearanice of large mulunucteated forms (Plate 3-8). 1 defined el
can be recognized by their foamy cytoplasm, their poorly
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PLATE 4

Malgnant cell  Sputum  Bronchogenic earcinoma

Malignant cells, epidermaid type  Sputum  Squamous cell coreinoma of the
Tung

Two matignent cells, one with faded nucleus  Sputum  Some case o3 21 cbove
“Ghast” cell  Branchial washing  Epidermoid carcinoma of the lung

One malignant cell engulfed by another Sputum  Same case as 21 obove
Malignant cells, undifferentiated type  Bronchial washing  Bronchogenic carer
noma

Malignant cells, anoplosnc type Sputum  Oat cell carcmema of the lung
Mahgnant cells  Sputum  Adenocarcnoma of the lung

Clusters of mahgrant cells  Sputum  Terminal bronchialar corcnema A section
of the tumor from the some case o illustrated in following chopter
Multinucleated mahgrant cells  Sputum  Terminal bronchiolar carcmoma  Pri
mary diagnosis by the smear examination,

Cluster of neoplastic calls  Bronchial washing  Adenoma of the bronchus
Mahgnont cells Sputum  Carcinoma metastatic to the lung from the breast
Malgnant cells  Sputum  Rhabdomyosarcoma mefastone to the lung from the
high

Molignont ¢ells  Sputum  Renculym cell sarcoma metastotic to the lung
Malignant cells  Sputum  Melanoma metastatic to the lung from the thigh
Cluster of molignant cefls  Sputym  Adenocarcinoma metastatic to the lung
from the pancreas

Molgnant cells Bronchial washing Corcnoma metastetic to the lung from
the tongue

Cluster of mahgnant cells Sputum  Adenocarcinoma metastatic to the lung
from the lower sgmord
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Atypical clusters of exfolated cells with a pattern sinlating that of
neoplastic cells may sometimes be seen in cases of bronchiectass (Plate
3-14). The cells appear to be of * B
The configuration of the cluster
papillary projections of the brot . .
logic specimens in this disease, The bensgn nature of the cells is revealed
by the regulanty of their grouping pattern and the uniform size and
struceuse of their nucler.  Cell enlargement and metaplasia may also be
observed (Plare 3-15). In cases with a coexisting infection the cells are
yometmes snfiltrated by lencocytes.

No plausible explanation has as yet been offered for the relatively
frequent occurrence of multimucleanon (Plate 3-2) and of various nuclear
abnormalities (Plate 3-16, -17) in exfohiated ciliated cells. These atypreal

€antitnne mun (ane ' el € [ \

they are not as clearly indicated in nssue sections as in smears i which
the cells are preserved in toto, The question of whether the presence of
ciliain cells with dianctly abnormal features fs by itself 3 proof that such
cells are not malgnant, cannot be sansfactonly answ cx"cd ar present.

Typrcal epithelal pearls are rather rare in bronchial smears but may
be seen oce Ity n mahg as well as in ) cases (Place
3-18, -19). Their nature 15 revealed by the structure of thc.:r cellular
components  Pearls found n sputum may sometimes be derived from
the esophagus, where they de clop more frequendy, Pearl-bihe “mm“ﬁ
consisting of two cells, onc envelopmg the other, are more comn}an’{;
seen in smears from the respiratory tract in cases of carcmon;a o tv
lung, and may somettmes gie a clue as to (hc' presence .nf(;n? lgmrrl‘fm

Curschmann’s sprrals (Plate 3-20) can be casily recognized in spu o
smears due to their charactenstic structure and their deep staining wib
hematoxylin  They may be seen m smears from asthamtic panents, but
also tn other chronic inflammatory conditions.

CRITERIA OF MALIGNANCY

’ tract are
Cells exfoliating from mahgnant neoplasms of thc’ respnryorg]\;::; g
found 1 sputum and bronchial secretton smears smgl_vl. in B o
P AP
occasionally 1n small ussue fragments The criteria by

y strwctural
malignant natore is recognized are thus based party on ::‘:]anonships
charactenistics of the individual cells and partly nn‘thelrnx)::c P

N 3 v
Though a posiuve di of 2 g p NN
made %)n thpe strength ‘of single abnormal cells, the most u;n:mall S
dence 15 usually afforded by the presence of cell clusters of
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fragments which gne an nsght into the architectural partern of the
tumor

Some of the cytologic critena of malignancy are common to all kinds
of malignant cells of various organs, whereas others are more specific as
they apply only to some disunctive cell types  Of the general cntena,
the most important are those pertaming to changes i the nucleus, such
as disproportionate enlargement, hagh chromatin content, aberrant chro-
matin_ patterns, prommence of nucleoh or Laryosomes, multinucleation,
abnormal mitosss, marked thickening of the nuclear membrane, atypical
contour, pyknoss, and various degencratine chinges

Cniteria based on cytoplasmic changes, though generally less conclusne,
are ako contributory to the dugnosls Of these the most sigmificant s

d or phulia of cells exfol

In other t pes of ncnphsms
of the lung, such as the bronchogenie undifferennated carctnonias, the
exfoliated malignant cells tend to be distinctly basophilic

Vacuolation of the cvtoplasm 1s more frequently observed in adeno-

or ternnal bronchiolar caranomas  In some cases of meta-
static melanoma, melanin granules may be seen i the cytoplasm of
mahignant celbs and as phagocytosed particles i histioey tes  Cy toplasmic
mclusions of leucocy tes and of cellular debris in malignant cells are more
J obsersed in ads

The most striking modifications in the form and v pe of the exfoliated
cells are encountered in bronchogeme epidermond carcmomas, in which
some malignant cells may grow to gunt sizes and assume very aberrant
forms Degencratne and necrotic changes are seen rather c()mm(m[\' m
smeans from all types of mal 1 and one of the
most valid crierta of mihignancy Dcfnnmrmn gradual fading, or com-
plete resorption of the nucleus results i characterstic dcgcn:mmc pat-
terns in cells of the bronchogenic epidermord earcinomas Different
pteerns of necross m1y be observed i other ty pes of neoplasms such
as adenocarcinomas, oat cell carcinomas, or malignane Iy mphomas  The
necrotic cells of the lvmphoid tvpe often shaw 2 harvelvuce pattern
which contrasts to the nuclear pyknosn usually extubited by degenerting
malignant cells of the oat cell type  Cyeolvsis 1 alvo commonly seen 10
carcinomas of this latter type

Clusters of malignant cells or small fragments of mahignant tsue, when
present, add qrmtl\ to the dugnesuc salue of the smears They usually
exhibnt mcgul.\r patterms w tch contrast to the orderly arringement of
the cells in nnnmalu'n’m( chusters  Demse grouping and cm\\dmn of the
cells and therr nuclay, lick of dutinet cell boundaries, AMNOCH tents, a0
Rary s, and engulfment of ane cell b another are addieronal dugnostic
ponts.  The grouping of the malig

F F

celly may e me
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to distinctive pateerns as m ad cinomas, oat cell i or malig-
nant Yymphomas,

Blood cells and histiocytes are almost always present in spurum and
bronchial secrenion smears but are more conspicuous in acute and chronic
inflammatory conditions. It cancer of the lung their number vanes con-
siderably and their diagnastic significance 35 thus limited.  Fresh blood
15 not as suggestine of cancer as is old blood. In bronchual secretion
specimens obtamed by bronchoscopy, the presence of blood is often due
to trauma and, therefore, loses some of its dugnostic value, Hutacytes
with atypreal feacures may appear i cancer as well as in mflammatory
and other conditions, Conspicuous aggregations of lymphacytes, though
not diagnostic, may sometimes suggest the presence of a malgnant lesion

The ulumate goal of the cytologist and cytopathologist is to learn how
to recognize and idennfy each of the more specific and representative
types of normal, nonmalignant, and mahgnant cells appeanng m sputum
and bronchial secretions  This can be achieved only by long study and
experience

EXFOLIATIVE CYTOLOGY OF NEOPLASMS OF THE LUNG

The exfolutve cytology of tumors of the lung presents a sariety of
patterns depending primanty upon the cytologic type of the mmor, For
the purpose of 2 close correlattan the description of these cytologic pat-
terns will follow the order of the classification system adopted m the
chapter on pathologic aspects.

1. Primary malhgnant epithelal tumors
A. Bronchogemc
1. Epidermord carcmoma £ e
The exfohative cytology of the epidermoid carcinoma o 1l
lung may be subdivided into two types
a Squamous cell type
This 1s the most frequent type of a
actenized by @ very distineuve eytologic partern In tumors
of this hind there 15, as 2 rule, 3 1ich c‘((ohm'on of mnhgnaf]\;
celly of the squamous varieey exhibitimg w ide \'armmn;”
size and form  The cells may be round or oval (Plate 4;)] (e.
OF may appeat 1t chngated and other bizarre shapcf_n 5‘ P :o-
4.22)] AMany cells exhibit intense acrdophn.‘udnr Ononc,md
phiha, 3 festure % huch greacly facilitates their detec! on
idennificaton  Thete nucler may show enhrgcmcmdn: e
hyperchromasia or display marked degeneration :txr: ina(helr
sfagcs of resorption (Place 4-23) which often results

carcinoma and is char-
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complete dwappearance, as i the so-called “ghost”™ cells

(Plate 4-24)  Lngulfment of one cell by anather may be

seen occastonally (Plate 4-25).  Mahgnant eprdermoid cells

most frequently appear 1n smears singly or in small groups,

though formation of larger clusters 1s not uncommon,
bt v e m

15 resealed by their srregular pattern and the abnormal

features of the nucler (Plate 4-26)  Becawse of the rela-

tively large size of the cells, tumars of this type are also

known as “large cell anaplistic™ caremnomas
Anaplastic carcmoma

Under this heading one mught include all ty pes of carcinoma
cansisting of small und:fferentiated cells in contrast to the above-
describred large-cell undifferentiated epidermord type  Cyto-
logtcally, the most characrernstic of the small-cell anaplastic
carcinomas 1s the “oar cclf” varety  Infolured cells from
neoplasms of this 1y pe, contrary to what mughe be evpected,
do not exhubie the ty pieal o1t cell form (Plire 4-27) - They are
mostly round and may show great bl. to
the reserve cells of the bronchial mucosa A differentiztion
berween these two cell oy pes 1 often difficule, perncalarly m
bronchial secretion smears i which epithelial reserve cells are
seen quute frequently  Groups of v mphocy tes or small mono-
cvtes may aho be a cause of a fake interpretation,  Cells ¢x-
foliated from oar cell carcinomas often show cyvrolysis, while
their nucler exhibie pronounced hy perchromasia and trregu-
larity m size and form  Their grouping preeern 1s rather char-
acternoe of this tumor o pe.,
Adenocarcnoma

Cells derned from rumars of this vy pe mav be idenufied by
thewrr mocord cytoplismic content, which gnes them 2 vacua-
lated appearance, and by the frequently cccentrie posttion of
therr nueleus (Plate 4-28)  Their glandular nature ean be
recogmzed mote readily in those cells which have retained ther
cuhordal or colusnnar form after exfoliation  Clusters of adeno-
carcinoma cells often appear 10 well-organzed msular uns,
with smoothhy rounded outlines - They my aho oceur i long,
appireneh sohd columns  The bese-differentuared forms of

d mom: muy be indisting from termina] bron.
chiolar carcinom or certain metastane umors.

~
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these two systems of classification, we may simply point to the facr thit
the difference berween them 1s actually s cr:y s)igh!: since in Papanicalaon's
system, Classes I and I are considered as negative, M as suspicrous, and
VW oand Vs positve, The subdivision of the segative group fnto tua
classes—~I and 1i~pertnuts a distinction between strictly nosmal and atypical
eytologic findings as observed in cases of benign turmors or severe inflam-
matory reacuons, In the postive group the subdivision inte gronps IV
and V' serves the purpase of placing more emphasis on findings saterpreted
as conclusnely postive (Class V). It has been shown that wich 4 stenct
applicanion of cyrologic criteria an accuracy approvmting 100 per cent
can be manesiied m Class V reports (18),

CONTRIBUTION OF THE CYTOLOGIC METHOD TO THL
DIAGNOSIS OF CANCER OF THL LUNG

The cyrologic method 5 now widely secepted as an jmportant adjunct
in the diag aof pul v neopl Any evaluation of the method
wilf seek to estabhsh the sncrement in the proportion of patients that
come ta aperation with an accurate microscopic dugnesis. Th{s imphes
a determiation both of senatiity (percentage of correct posihve dug-
nases) and of error (percentage of false positive diagnoses), There 1
unnersal agreement thae accuracy in the diagnosis improves with the
expertenice of the observer. This assumes adequuare rcc}m?quc in obtainmg
the spurum and preparing the slides, in staining, and in the xhuruugi;
“screemng” of all avarlable material. It has been demonstrated in severd
evtensive scudies chat the yreld of positive diagnoses increases \‘uxh the
number of specimens examined, with the number of microscopic shd;:
prepared from cach specimen, and with the number of comperent o
servers who review the shides.

Actualfy very few statsercally inpeccable evaluations h.“c been accom-
phshed. .Necc.ssary for thn purpose are* 1) A hrge series of pauhtn(saéz
whom the final diagnosts 1s established beyond pemd\.enm'rc. In the c iy
of dubsous Jesions, or actial cancer, thus wouhd require h'mnlo:mc e
nation of tissee. 2) The matenal for cytalogic d'ngnnsxs to mclm‘i; ﬂ:
least 56 per cent of sputa from patrents v ith confusing, }mr notl‘ n‘c,(\n‘pkd:c
disease 1) The cyiologic dignosts to be rendered with ne hen xi:r?t.
whatsoever of the chimcal data, not even the age or sex of ! <P¢i’logi\t
This 15 necessary if the purpose s to evaluate the ¥ ork of the 2 rtm o
a5 such, rather than of alt of the dugnostic procedures that mig!
tribute to the preoperanve dagnosis .

Reports of sfnsi(ilz'lt'\' becw een 80 and 90 per cent and (;)fl a fﬁl:;;“}‘::ﬂ:
rate below 2.5 per cent have been published, but the problent,
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the questron of proper statsucal evaluanion, 5 not so much how welf
the eyrologe method can be pracuced by the most devored and expe-
vienced cytologues engaged 1 2 specnl study, bur rather how ot 45 fkely
10 be geperally practiced. When the aborve-outhned corern for an un-
bizsed evalustion have been unlized as the basis for an evaluation, the
sensitisity of the method has been as tow as 30 to 60 per cenr, whereas
the false positne rate has uswatly not exceeded 5 per cent I must he
emphasized that these results are subyect o great improvement wath an-
creasng eranung. Thus i ane expenence where the catena for Cliss V
were strictly applied, the cyologic diagnosis was confirmed m every
anstance, including some wliere lobectomy or pneumonectomy was per-
fornied on the bass of the ¢3 tologic findings alone (18}

in the experience of most olservers an ncrement of 30 to 30 per cent
of panents with a positne miroscopre diagnosis results when ¢y tologic
exanmtion is added to bronchoscopic tiopsy (19)  This at least doubles,
m most hands, the magnreude of thie allamporrane daum Furthermute
1 negative result of an attempted bronchoscopie Mopsy amphey that the
leston s bevand the reach of the hronchosope, thus the s tologre method
makes the more penipheral tumars avulable for microscopic study  In
mamy cases even the cell npe nmy be determined by an evperienced
cytologrt (20)  The ey rologic meehod has been inatuable in the recog-
nition of cancer of the Tung where tlus has heen mtshed by such diseases
s concurrent tuberculons
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The Search
for the Early Case

Warrer E O'Dovverr,
Ao Laresov Dyy

The mncrease 1 the mcrdence of lung cancer is well-documeresd god
has been discussed m detat ebsewhere (1) The search for the e2" cxe
must be carried on by applying all modahies for detecton a¢ 37 et
Such a program embraces educarion of the public, emphasiy on the of,nical
clyes of lung cancer to the private physicue, and adsgtien 1f sarvey
sechniuques, which will at least encomprss the muz ¢ c1reme gomefors é
4 or more years of age N

PUBLIC I DUCATION

This compmyes a contmuation of programs that i~ e fury of
the smpurtance of the problem of lung cancer in geess,” o, nend f‘
carciu} re-examination of the male populition 40 yean .g”'ﬂ N (’, ,”'
ar penodic intervab, and the necessay far medical a2 py (p 0s
of the carly symproms of lung cancer develop  Suck 4 4, U,
only be waged surcessfully by frequent seview of the g,y
21} the prescac methads of ansy communication R ey

1 any

PROIESSIONAL 1 BUCATION

Thrs smphies the dex elopment by all doctors of thae e
been carcfully defined ehewhere a5 @ “high index of g, o, 5 3 R
all the methods of dissemmnton of wfonnatan she o T A
sclding pamphlees, articles 1n medieal journmals, rovien 5 P77
n open meenngs of county medieal societies y lecture 5, 7 77"
taton, and finally, encouragement of comulanon betg, . P75
stcian, speciatist, and public health officer CY ove gt

s
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SCREEA\'ING OR MAss SURVEY

date, the chese Yeray o the only Tctica} Methog of scrcening pa-

Gents fo, lung Cancer 4"y 3 cmmnumry. hovpiml, O prigge Phvsician

levey he Question of the elabipy,, of the chese Ny a5 4 Method of

ated its linntarmns and pitfan €Mpha.

Sized 2,3, Meer, , Proper}; taken and inrcrprcred teleoroen,

8enogrgy,, Can e Sypected p, detecy the poss:luli{v of €arly. lung Cancer
a

In the Past sey eral yeqrs a numpe, Of mygs Sufieys of relagn ely homo.
Ncous p, lation Sroups, nvoly, n one nstance almosr %0 mylfion
& p &roup,

T
People ¢ Los Angcles), have been Sarnied oy and Malyzeq from he Stand.
Pome of '? cane, Ctection, he screen; CVICE used the phoro.
Foentg, Sram Procedyre \o Carried gy, Moble o pcrnnn‘mt
s i , 8hven gre, hese e then Teviey eq by Panels of md:ologurs

and chmcmns, and mnﬁmmmrv Standarg films ape requesteq jf indicateq
unt the 8roup of lung Cancep Suspecees y¢ isolateq, € Patienes are fh('n
referreq to ey; ting Medicay facilyeq and 5 Sroup t’ollmr-up 1S Maingaineq
to derenmne CYenpyyy Outcome The Tesules of Surieys Conducteq thus
far ang feported 4 the hrcrnturc are Contaned iy Tabje VL The Tesules

TABLE vy

4
Mipepey or l’o‘uur Tiron, Dr-rcrrrn oV 14y 7oy Cuger Ro:u'rcr:uocum 4s
RVEYs

Person,

Focy, tion
Examineq

——

Sa\annah»(‘harh:m Co, Gy 67,961 06

Gaston g Waine Cos, N p 84,599 o7

Milwagpeq, Wis 176,459 '0 JZ

M “polis, Myn od

“'.nhmgmn, 07

Seattle. g °, Waeh 04
ACom, W ey

Salt 1 a4, Area, Uggp %
305000, Aage 536,012

oy Angele;. Calf 1 867,201
T .
d after G, )
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of the chest survey at the Serang Cancer Prevention Chme and the
\emaral Ceater for Cancer and Allred Diseases were presented in the
chapter on roencgen dragnoss

Despute the face thae millons of Amerrcans hase parucipated i puss
chest -ray programs, and despite the face thar at feast a dozen of these
fave been analy zed from the standpomt of possible tumor detection, there
1 still consideralde duffercnce of opimon a5 to shether or not st 1 a
worthwhile procedure

Two of the relatnely recent, large, and representatine suneys are
presented for evaluanon and comparson m Tsble VI McNulyy (6)

TABLF Vi

Rrstirs or Two Laxce Commintry Cubsr Suaveys

Baston Low Angeles
Total wrveyed 836 012 1 867 200
Tumor sypeces T 3,5m
Pomary tumor confirmed R 339

Bemgn k4

Malgnant »n w0

Bronchogenic earcinama ki m
Operared 23 13
Resected k) o
Follow up (3 veary) 5 alive and welt a2l and well

Others 1 Symphavarcoma 34 warcoma, etc

Case fnding (hgures rovnded) 1 suspeer 1380 perons 1 suepect 3000 persans
1 cancer 10 wpects }eancer 1% suspecrs

o o
1 cancer 13,500 persans 1 cancer 8008 persons

NI Sumvevs mcluded al) ages, both sexes  Dther lactors ducussed i rext
* Bemgn cumars nor includad

reported some rather discouraging information regarding the Boston
durey, whereas the experience of Guss (Sa) i Los Angeles was con-
suderably more hearening - A recent paper by the bater anthor provides
a complete amtysis (Sh),

Curthenmare, any erataatnn of sunevs, such 2 s reproseated m Table
ML must ke anto consideration the fullowing data, much of wt inde-
sermanaze, shnch conld maternlhy alter the conclasions drawan
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Bostan Los dngeles

No follow-up, refused treatment, etc 51 237
Metastatie pulmonary eumors 19 105
Bronchogenic carcinoma, presumptive 13

Tumor chimcally berugn 295

Boucor (7) has concerned herself with the sereening of more compact
population groups. She reported that among 16,038 individuals repornng
to the central unit of the Philadelphia Tuberculosis and Health Associ
uon becween Apnl 1950 and February 1951 there were 14 proven cases
of brenchogenic caremoma (0.1 per cent). She pointed out thac 13 of
these 14 cases were among the 10,035 white males over 45 years of age,
so that the neidence of confirmed lung cancer in white males over thi
age was 1.3 per thousand.  The resectability rate for these survey-detected
cases averaged about 30 per cent, a fact which Boucot attributed, at least
partly, to the fact that most of the patienes were symptomatic. In fact,
among the 77 patients with lung cancer found between January 1947
and January 1953, by two officl Philadelphia survey units, only sesen
were completely asymptomatic,

This mvestigator has emphasized the need for “over-reading™ of survey
films 1n an effore to increase the detectron yicld and to reduce the pumber
of potential false negatives.  She notes thar figures purporting to shot
the surtey prevalence of bronchogemc carcinoma will be corjsenanvc
tf @ ussue diagnosis 1s required for case reporting, since a sxgmﬁcar}t
number of cases refuse hospitalization or are not hospitalized by their
physicians because of obvious inoperability,

Some of the reasons for the disappointing suney results thus far are
readily apparent )

1. Age. Up to rwo-thirds of the patients included in some of the ;‘mﬁs
surveys thus far reported have been under the age of 40 years, where

lung cancer 1 2 relanve ranty. . ers
2 Sex. Up ro two-thirds of the dividuals covered in some survey

have been females who, under present conditions, account for a relanvelv
small proportion of lung cancer cases.

3. The surveys conducted thus far hav o
shot” s a populanon which had never before b:in v—myef'] orrdr
reason, many of the lung cancer cases which were detected \»cfcis ol
tively far advanced  Also, It 15 obvious that un]esf §uch a s]uvr;z;:,\f o
peated routinely, lung cancers which have their origin shortly befol
after the cotapletion of the survey miay :Iude. detection. rouch the

4 Delays. A very obvious commion denominator running ¢ :On;ssinc
reporrs of surveys thus far has been the factor of dcla)" 'm p‘:: scop::
from suspicion to treatment. This has been due mostly to

«
¢ been m the nature of a single
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of the Project ang oy, the mherene ndmmlsrmmc chmeal ang foliow .y,
difficulyies, A certan amount, gy EYEr, was dye 10 mertg o Tesistance
o1 the pare of the Pattents vy, Susprerogs lcsmns»:md cien of Prnate
Physicians

5 Nwmrlol'er: A f:url'\ Stzable fumber of Persons oy ohed i these
Surieys may e assumed g have been 1onsmohers, .\hny belere that
they are 1€ ncarly g, vulnerable o, the dey clopmene of lung cancer ag
their Smoking cohorts

6 Presenee Of 5y P12y No specifi- figures gre Qatlable o the num,.
ber of S¥IIptomag, Patents ncluded 4 the torg) of sug, cted or cop.
firmeg g cancer €35 1 thege SUTVE)S, re, hoy much detecyqn of
truly 5y mptomay, Iung Cancer v g :ccomphshcd OUCot's gures crped
abioye Mdicare gy, the suryey §roups gre by ng NS toeg))y asympeg.
MU Such 4 Situatign Contributes 1 mnkndmg “tumor Suspect™ Yield,
bur ¢ also accounts 4 some Measure for the duappmnnng opcmlnhn'.

ates

re; 0
this thegs wtll lach Concrete Proof ungy @ mode} Jireey of 4 Populstsoy,
BTOUD 112 npyey all of these factors gy, controlled, pe been “ndertatiey,

Ricongyy, NOATION ¢ Line Canerg Q)\Drnr\u—

The Cquirement, g, 9 Model yury o, NEre outliney ™M the recon,.
Mendationy of the Urnyeg section of Lung Cancer ¢
sored by e ‘\mem:m Cancer Saciery and held g Glcnhurmc, New \nrl\,
On September 10-11, 1954 After rcaﬁimxmg 1ts beliefs 4y the MNportance
of early diagnouy of tung cance, and the CIpacity of Chese YTy screen.
NG programg ¢, Accompligh this, che Section Pomted oy, the neeg for
PHOT sty for further Valuaton The fnllmung Procedures ang sug-
Hosttons yepe 3NONE these eCommendeq ¢, the divisiong of the Amcricay
Cancer Sociery a5 the Buimun Standardy of Yeray screenmng Programg

! Minnrure g € Satisfageqr, SCTECUNE ey fop lung cance,
A By SXMination O Of 3 single g film
Lach fitn, o " Eanungg g0 Those Mg ehe g
should he g o OIS CATCRully gyt changes ey e HHOUgh some gy n
v occur

* The film oy be clifieg PRI op e "gardess of g,
fare of he nlmorm:hn Obisery o Those chasifieg as Ve miepy an
ntervicw ang 2 i4xy7 fult sized filmy 54 Pare of ghe Pre-referrgy Process ¢
reduge unneeesaar, referraly
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5. Lvery positine case should be referred itmeduately for chnical sudy
and evaluation

6 No casc shall be closed untl the clinical study 15 complete

7. For men over 45 the snrver Blm chacta s - -t ..
and preferably every six 1
history of smolung, and al
pared with previous films,

8 The original survey film, or a copy, should be sent to the persona!
physician of all participants in the survey every ume 2 sussey film is tlen.
Tius will msure more mnterested serutiny as well as compatison of the flis
with those of the local dactor than present mass reading provides It wil
also inerest and alert the private physician to the imporeance and potennzh-
ties of the program.”

The conduct of such surveys 1s basically a community or publie health
problem, but the individual physician bears the responsibihity of encourag-
ing fus patients to participate in these sury ey programs and of relentlessly
pursumng the differenual dragnosis of tumor suspects referred to him for
evaluation as a result of them. Indifference or even hosuliey to these
surveys on the pare of private physicians and delay in determumstion of
final dragnosts of suspects have contrbuted in large measure to some of
the poor results reported. *

Tue Hospitar—Tne Apvusstox Crest Fieat

The addition of a chest film to the Jist of routine screemng pmcfd“f‘s
customanily carsted aut on all hospital admissions has bcen' gamng 1"‘:’;”‘
g acceptance m the United States. “This relatnely simple pmcc‘\urc
has been found to add greatly to the completeness of the general worh-Up
of patients and 15 a natural outgrowth of expetience % 1th x-ray 5“"‘,‘5
for tuberculosis, cancer, and other discases Since more than f“‘"‘.;‘
million pauients are admtted to general hospitals in the United States :::n
year, it 1s apparent that an appreciable proportion of the population e
be screened in this manner This 15 especially worthwhile, smce ‘m‘
expected mncidence of abnormal chest X-rays m the hospical pup“h“m_
has been estimated to be many times as great as that encountered n a €o!
munity survey (8).

A recent report (9) has indicated the gre :
hospitals having facilities for routme admission X-rays since o For
percentage of positive case-finding has increased proportionate )I; have
example, in New York State, where 35.7 per cent of the hOSP“]J 1955,
such facihtics, recent figures demonstrate this gm.ph'xcnlly (E)f;[ s“ The
254,549 patients, 15 years of age or over, had admission chest s‘m 3
rate of pick-up of intrathoracic tumor suspects was 15 follow

at increase in the number of
1948, and the
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A Lges Rate/ 100

Totat 44
Male 22
Female 25

bemade g, €1l Studies gy o "eported on ¢he henefies Jecrung frop ghe
nstrtution qof such g Program of Toutine cheyy filmg on admsion (1o, 1,
213) gy €CE and 1y 0o (1) specially CMPhiasse e mportance
Ptienty oy ¢ middle age

T oy Are I’u\\un\»lm Rotiry, Cirgy Fuw

(rcqucnr <hest \-ravs gof cnummucnlcnr of by atrents pg, pnmmpuc n
chest fpyy, SURES thae ape Datable ¢ tharge 1, should e under-
*0red here ghae chese ﬂuum\mp\ ™ nae g dependape method for the
detection of the rebatn ely Mtnute gng subele hanges of carly lung can.
<o although, Proper hangs, ™ e of CONsulerable 54 once the
MBpIcion fy, been rareq L COMentrong) YTy filg

bether ehe PInent 1y a1y 44y POnC 1y tdual yyp " abnogyg)
"N o rune i, or pne th iy FCSPrratory N IPtoms, there
" need for peed any decisn e a<ton on gy PUT of the Priate Physicin
n the differenty) diagnon, and Magement of the hung camcer Suspeer—
7R patte py 50 shouty be one €1 the W hope Spectrum of dumoye
CAsures gy broughe nto pliy, mdudmg 2 nup,

iber of specul xpg,



of the nsvmpronunc~or ¢ven svmpmmnn'c-pulmonarv leston ang the

(15) whe compared three SErIes of ope hundred COnsecutive cqses of lung
cancer seen 5y 1938»19-}3, 1943—1946, and 1947-1949, There yas no dif-

dxscoumgmg figures are Probably dne to combination of delae oo
atient 1n Seeking hys doctor’s adyscn .. -
18 suspyern. N
Ispects : * “Ppitation of the technigues
oW avaj -+ vilimuny, husp:ml, and privage Practice leve] for the
tection of lung Cancer,
There appears to be some evidence thyy carcinoma of ¢he Tung degected

TABLE vipr»

Caunusnu OF Strcroy,, Restrrs 1 Svrver ve Now_Strvey Lune Cawcer
Survey NonSuryev
Cases

Carcinoma Carcinome

——
Total numbe, 30 263
Explored 26 (87, 168 (s10)
Resecteq (77, 100 (38¢7)

No Ppathologic evidence metaseases 13(5177) 40 (4057,
Theee-vear survivors 900D | 3201005y
fied afrey Overholt and Bougas 19),

\
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by survey techniques, particularly when i the “sifent phase,” has a sig-
mficantly higher operability and five-year survival rate (17, 18)  Table
VIII summanzes the expenence of the Overholt Thoracic Chmue.  Siv-
teen additronal patients with Jung cancer detected by suney have re-
cently been added, of whom ten are hiving more thm one year after
npem'mm These encouraging results were recorded despite the fact that
18 (39 per cent) of the enuire group of 46 developed symptoms dunng
the six ntonths ehipsing betw een deeection by survey and operanon,

The opportunietes and responsibilives of the private physician i the
detection and carly diagnosss of lung cancer can be abulited step-
wisc and somew hat arbitrary fashuon a5 i Table IX,

Just as the detection of unsuspected pulmonary neoplastms was ongeaally
2 by-product of survess conducred for the d of tuberculosis, so
also it 15 ble to pate uncypected duwidends i the form of
other asymptowtatsc chest parhalogy in the process of sereening for lung
cancer  Thus inchides not only benign neoplasms bur also cardiac and
mediastinal zbnormalities

SUMMARY

The ulumate godl of eflorts dirccted towaed control of lung cancer
15 the development of pracucsl measures of preveatton  However,
achrerement of the degree of & of presymyg
—and thus potentally corable~tung cancer depends upon the proper
utthzacton of heen clinical judgment and evperienced x-ray interpretation

it » true thar the routine or survey chest ¥-ray 13 by no means the
solution to the problem i which current statsncs on detection, carly
diagnosis, and cure are so dncouraging However, it scems entirely bhely
that 1f the siiple measure of a chest wray, as typified by the mass sunvey,
the hospital admission film, and the routtae chest <-ray i pris ate pracnce,
were mrelhgenthy explored to the utmost, an encouraging yseld of early,
curable cases could be brought to the surgeon

Such a program can be a practseal realiey only if several cntena are
met i selectng penons for penodic studv, such as chat of specnally en-
compawing smohing males of 40 or mare years of age.  Abo mherent
m the concepr of such 4 program 1 it annuil or seme-2nnual repetitton,
amd rapad and coniplete evaluanon of tumor suspects,

Fxpenence to date with representanye mass chest s-ray survey s has been
briefly reviewed and reasons cted for the sanable and sometimes dis-
appantmg resotes recorded The benefits of routne chest x-rays on alf
hospital admissrons and patients seen by the prisate pracngioner, especully
m the older age groups, tu e been stressed
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views and techmques, bronchoscopy, cytologic and bacteriologic evam-
wations, skin testing, and finally exploratory thoracotomy.  In reviewing
the subject of lung cancer detection and diagnasis, one 1 impressed by
the fact that frequently the errors made in bridging the gop berw een the
detection or diagnostic procedure, the creation of suspicion, the establish-
ment of the diagnoss, and the ultunate management of che patient, ase
traceable not to a dearth of diagnostic avenues hut to their very mult-
pletty. Thus observation s particularly apphicable with regard ro delay
m the employment of exploratory ¢ y in the

of the asymp ic—or even symg fe—pul v lesion and the
so-called “chmcally bemgn” lesion. I the hands of a competent choracic
surgeon this uftmate dragnostic procedure 1 attended by an entitely
acceprable nsk of moreality and marbidiey,

We believe thar d)scoumging percentages of opcmhihry‘ resectability,
and five-year survivals are primandy a reflection of failure to derect
carctnoma of the lung in s mcipieat or earlier stages. Factually, rhis
seems to be borne out by surveys such as that of Bloomer and Lindshog
{15 who compared three serres of one hundred consecutive cases of Jung
cancer scen m 1938~1943, 1943-1946, and 1947-1949, There was no &ib-
ference m the time clapsing between the onser of symptoms and the
instirution of mvestigation and treatment among the three groups. A
similar opinion was vorced by Stranahan, Ehler, and Olsnn (16). These
discouraging figures are probably due ta 2 combination of delay lx}: the
paticnc 1 sceking s doctor’s advice, delay by the physician in investigst-
ing suspictous symptoms and signs, gross error, falure o follow up cancer
suspects aggresavely, and lack of ! application of the tech
now eeateble at community, hospital, snd private practice level for
detection of lung cancer.

There appears to be some evidence that carcinoma of the lung detecred

9
the

TABLE vHI+

Comrarison oF Suraicat RestLrs ¥ Suaves vs NowSurvey Lng Cancry

Survey | Non-Survey
Cases Carcinoma | Carunoma

Tor 30 263
sxp?iiﬁ'””" . w0777 | 168(6470)
Resected 23(777%) | 100(385)
No pathologic evidence metastases 13075 | 000D
Theee-year survivors 0y | NOAD
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ASSOCyA TED PULy; ONARY PROCESSES

Bronepyyg The bmnchms accompammg bmnchogcmc €arcmnom; o
Often of 5 focalizeq , Strucen ¢ I¥pe, firge mamfcsnng ttself 4 localizeq
e b es tane

mnclmscnp_\' MY be an "Mportany dlﬁercnml dugnosuc Procedy e
The ﬁndmg of rathey diffuse chrone mﬂmmmtmy changeg in the ceatra}
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. uch os may be
Fig 111 Area of pneumonitis n fingular portion of left upper{le"l;: :y ch os may b
seen with either chronic intershiial pneumomtis or pneumonitis secor
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brorchi 20d especially in the trache2 points toward an inflammarory
process, Patients with pneumontis whose central bronchr are clear by

. PR N

. paeumonutis
to be differenuated from hing cancer 15 wherculosis  Not only does
tubereuloss commanty coexst with pulmenary cancer but it 1 often
mdistinguishable climeally

Coexistent tuberculosts 15 a nor uncommon and 2 difficule problem i
che dfferential diagnosis of lung cancer  In approvtmately 10 per cene
of all lung cancers, tuberculous fesions are coevstent  Except for the
rare mstances m which 2 necronc cancer opens up a dormuant old closed
tuberculous Jesion, the associatton 1s quite comerdental v 15 brought
abour by the peculiar circumstance that tuberculosss and lung cancer
pred: ly affect midd) d men The epds ! eak of tu-
bereulosis 1t men has 1 the last geacration shifted to muddle age and
15 now most common mn men of 35 to 54 years of age It has been
repeatedly esmphasized that duning the same period the snadence of Tung
cancer has risen renfold i the swme age group Tt 1s therefore not sur-
prising that coexssting pulmonary tuberculosis and cancer are not uncont-
monly obsered in middle-aged men  Therefore i 15 chmically important
to rule out carctnoma of the lung 1 pauents of cancer age with an
estabilished dizgnasts of tubercutosis (positive spurum), bearing in muad
the possible coexistence of the two diseases

Recognition of rhis coexistence in the operable stage of fung cancer
calls for acute elimica) dcumen based on extensive chimical expertence and
on thorough individualized dugnostic study  Most symproms, especratly
cough, hemoptysts, chest pan, snd weight loss are common to both
diseases, hovw cver, certmn dufferences evst that may point tow ard a correct
dugnoss  For example, cough nut of propotton to the amount of
sputwin produced 15 more consistent wsth bronchogensc cancer, hemop-
TYss s apt to be more protuse i tuberculosts and s wsually followed
by espectoration of sputum conramng tubercle bactlh, and persistently
negatne sputa favor 2 dignoss of neoplasm  Chese pam 1 cancer
more sharph locahzed and has a dull and persistent ¢haracrer, while
pleuntic pan i tuberculoss 1 apt o be transient, more intense, and
aggravated by decp breattung  Luss of weight in tuberculoss 15 apt to
<ome on much earlier

QObstructne bronchnal tuberculosis with or without secondary mfecnion
may simulate bronchogente cancer so closely that diffesentiation may
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A —i e o o g
R S U

F.q 12 Rcenvgenogyam of an elderly mule whe had a negative x-foy one year
diagnoss was but locolized tuber-

:ulous was 6ound at operation
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Fig 113 Woman with hemoptysis as presenting symptom  Negative x-roy two
years previously  Preoperative diognosis “fumor.”” Operation revealed o large

blood clos within a pulmonary eysh

viduals It also casts an illuminaung hght on the practical problem of
differential diagnosts

Afalignant tumors, not found 1n this sertes, include sarcoma, ncumgenic
sarcoma. neurofibrosarcona, and lymphoblastoma.  The bemgn tumors
not included are mesothehoms, dermord cyst, thymoma, intercostal
neuroma, and unclassified benign lestons  Morc than one-quarter of these
lestons are bronchogente cancers, and if other malignant neoplasms are
added, the proportion of malignancies include more than one-third of the
total  Inflammatory processes mahe up the Jargest proportion (40 per
cent) of circumscribed sohtary lesions m ths particular study- One-
quarter of the lestons consist of benign tumors and miscellaneous diseases
which at imes may become d through licati
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TABLE X

714 HistoLocieatLy Proveo Cases oF Tsoraren Cracimscrised Lesiovs oF 7o Live *

Mabgnant tumors 225 (35 86%)
Bemgn tamors 3 (12 5
Inflammatory desions 284 (40%%
hiscellancous 8 (1255
714 (1007)
Malegnant tumors include Benrgn tumors
Prunary bronchogenc cancer 190 (26 6%)  Homarcoma 57 (08%)
Bronchial adenoma 35 (354 Fibroma_ 10 (145
1 ymphosarcoma 10 (1 4% Chondroma _ 5 (D7)
Mabignane metastases 20 {427 Hemangioma 17 (22°%)
Inflammatory lesions Mrsecllaneons
Tubercaloma 104 (146) Bronchial ¢yst 39 (5 8%}
Granuloma undetermined Unclasified 25 135%)
type 135 (19 AV ancurvsm 20270
Cacadiodd granuloma 3040 Peficardil st 2 (02
Chrome pneamonitrs B (35 Broncholrthiars 37
Chronie abscess 608 LATphragmati herma 700
Empsema 3(04,) Liverabese 2(02%)
Actinomycovs L1 Aortc aneurssm L1
Fehinceoueus €55t 2020 Ml st PRCTTEN
Lipord pneumonin 1 ©1%) Gastic evst 101%)
Bronchrectatie evat 101 Hengtoma 1017

*Excerpted fram Jones, R C, and Cleve, E 4 "Solitars Circumscribed Leswons of the
Tung Sclection of Cases for Dugnosue Thoracotomy,” £ A 4 frch Ins Med, 93 842
49,1954

Current discussions of 1solated circumscribed lesions emphasize that
differentiaion by avastable chmical diagnostic mechods s very difficule
As practically alt of these lesions have been -ray discoveries i syinptam-
free indivrduals, both the history and the phnsical findings w ere essentiatly
without differential diagnosuie value, escept for the age facror  The age
of patients in the above-quored study ranged from the second to the
seventh decades  Since carcmoma of che lung 15 rare under the age of
35, a higher percentage ot these lesions 15 found to be carcraomas when
an older age group ss studred. Orer 50 years of age, the majonty of
arcumseribed pulmonary Jestons may be cancer.

The roentgenographic features of “com” lesions have been fully dis-
cussed it a previous chapter on x-ray disgnosis  Howerer, the swe, shape,
and definion of a lesion on the roentgenogram will not dentfy s
character 1n che lungs  An unchanged appearance for long perinds sug-
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gests a bemgn process but does not exclude mahgnancy, because some
cancers have been observed to remain unchanged for months and even
for a few years. On the other hand bemign lesions (tuberculosis, mycoses
and cysts) frequently become farger under observation. Caleification in
round lesions 1s generally considered as evidence against malignancy,
However, wmstances of malignant tumor developing about old “ealerfic
depostts, as wcll as cases of deposits of calcium within malignancies, have
been reporeed.  Calcification within solitary circumseribed nodules occurs
1n old tuberculous foci, in g f such as histopl is and coccrdio-
mycosis, in hematomas, hamartomas, and n a few other conditions. Some
caleafied tuberculous Jestons yicld positive cultures of eubercle bacd
but Iammated lesions are generally sterile. Lamination practically never
occurs i tumor.

Other measures for differentiatng circumscribed solitary lesions muse
be considered  Skin tests for tuberculosis and mycoses have limited value,
A negative tuberculin reaction may increase the index of suspicion of
malyrnancy, and posttive tests for mycoses (coccidroidin, histoplasmi
Ay raise suspi of the latter especially of
complement fixaton test of high titer. They rarely however actually
dennfy the enology of a round lesion.

Bronchoscopy has not been helpful in these cases as the lesion is beyond
the accessible range of swibility.  However, bronchil washings may at
times be posinve for cancer cells  Needle aspiration of such lesions is
not recommended.

One type of “com” Jesion 1s the tuberculoma which consists of a miss
of conglomerate tubercles with varying amounts of caseation, and 15 one
of the lesions of chronic pulmonary tuberculosis. 1t occurs fr{qucnrl)'
as the only demonstrable tuberculous lesion in the lung, either single or
muluple (’Fxg 114)  Tuberculomas may appear anyw herc.but they are
most frequent mn the upper parts of the lungs, varying size from lhﬂ;
of a small pea to that of a Jarge walnut  They may persist unchange
for many years and then cascate and break down, or they may go o1
o caletfication which becames euident 1 the x-ray as small puncfﬂ‘
calenmy densitzes or as concentric lammation within the round opacity.
(By the use of the acd-Schiff stam, some of th'c resected sn-mlkdrm-
berculomas have been shown to be lesions of histoplasmasss  Indolent
mycotic foci must always be borne n mind.)

“Metastatic neaplasms m the lungs front cancers of other organs :4;;)1631'
oceasionally as solitary nodules although they are frequently multip! ‘Xs:'_’
may maluply while under observation  Aletastases from mnccrsctno(
where jn_the respiratory eract (bronchus, faryny, and fungs) ar
ragties.  Pulmonary are commonly with

i t y the
to other organs It 15 therefore important to search for not only

¥ -
d by a positive
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prmary tumor, but also for other merastases A history of a previous
or smultaneous mabignancy should strongly suggest the malignant nature
of the pulmonary leston  In some wmstances the primary extrapulmonasy

Fig 114 Com lesion near anteror end of third right rib was o typical fubercaloma

growth may have been removed many years earher. Local respiratory
symptoms are not a promunent feature although cough and dsspnea are
not uncommon  On the other hand hemoptysis or expectoranon s rel-
nvely uncommon i metastatic growths a the luags

Bentgn tumors presenung themselyes s sohtary aircunseribed lestons
n the pulmonary pareachyma are tare and are tonsidered n 2 spectat
chapter  Their positive diagnosis is generally not established prior 10
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surgery, with the exception of hemangioma. They rarely obstruce large
bronchi or cause obstrucnve symptoms  These tumors may cause non-
productive cough but chest pain and hemoptysis arc uncommon  The
clineal preture is not characterstic except that hemangioma or pulmonaty
artertovenous fistula may sunulate congenital cardiac disease with clinical
signs of cvanosss, polycythemia, and clubbed fingers and toes. Severe
hemoptvsis may be a p feature of h gi The dagnosis
may be definitefy established by dtography. A murmut which
may be systalic ar conttnuous 15 not infrequently heard over the site of
the lesion

Pulmonary infarction may at times be confused with bronchogenic neo-
plasm, especially if 1¢ 15 not borne m mind. 1t may occur n the smbula-
tory pattent, often as the result of silent thrombosis of the veins of the
lower imbs, Its shape on the roentgenogram js not necessaetly triangular
with the apev coward the hearr, in fact it is more apt to be oval or tri-
angular with the apex toward the periphery, and radwologically it may
mmte almost any lung disease. A history of sudden chest pan and
dyspnca followed by hemoptysts 15 most charactenistic, but s often absent

Plearal mesothelionra, an unusual tumor and not traly intrapulmonary,
should be referred to here because 1t has been wrongly diagnased as
bronchogenic carcmoma  fr can appear radographseally as a snl}t?ry
solated lesion and 15 commenly accampanied by arthris and d:ng;ﬁ
clubbing  Pleural tumors are discussed at greater length in a special
chapter X

Cenglamerate silicosis 1s mcluded merely because on rare n.cc.\sxon it has
been musdragnosed as bronchogenic carcinoma In such instances the
smaller sthcotic nodules were not detectable because of the accompanying
emphysema .

Hydatid cysts may appear as sharply dehneated mtrapulmonary denst-
ties. Sk tests may aid in differentiation

Lipoid pnetmonsa, due to the aspuration of mmer.ﬂ‘ml or odly nose drops
into the lungs over a long pentod of tme, may mumic cancet a{ the hjng
to a marked degree  Although thus chronic fibrotic peumonitis hay’ 3:
times be radiologcally detectable m the bases of both Jungs, it 1§ surpnsing
how often the lesion 18 apparently localized and therefore sr{m)httsh.!
tumor mass. Even localized areas of upper lobes may be the i‘“ of the
lesion  The d is of hpoid p 1 can be suspec ““eni
history of the use of mineral oil or eily nose drops 35 obtained, and ‘;“
dropléts are demonstrated n the spotum or bronchi.ﬂ secretions f’xl;mc\
surgeon may be unable 1o differentiate cheae Ipaid pntuglumz o
a pulmonary neoplasm on gross nspectson 3t the time of thoracotomy

(Fig. 115)
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Bronchiectatic or bronchogemc cyst of the lung may appear as a cie-
cumscribed lesion. If there is tle or no adjacent bronchiectasss, and the
cyst does not freely communicate with a bronchus, the leston may be

Fig 115 Density at base of night lung was considered 1o be due fo carcmoma both
precperahively and at operahon

Diagrosis of tpod preumonia was estabilshed
subsequently

asymptomatic At tumes there 1> a hitory of frequent respiratory -
fections (Figs 116, 116B),
Mutcord smpaction of the bronchi may oceur in asthmatics The bron-

<lual ebstruction thus produced may lead to an area of pulmonary infiltra-
tion wiich simulates a neopl mass on the
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)
{

Fig TI6A  Density i nght lung field had been considered elsewhere fo be o
carctnoma on the boss of a supposedly positive cytologic exemmation

Hodghur's disease may produce an intrapulmonary circumscrbed den-
sity bue usually the hilar and meduastinat Iymphadenupathy is the prom-
nent feature on the roentgenogram (Fig. 117). X

Localized fungus infections of the lung such as caccidioidomycosis,
histoplasmosis, actnemycosts, and blastomycosis have also at times been
considered as primary pulmonary tumors when they have occurred as
cireumseribed pulmonary x-rays shadows.  Coccidoidomycosis and lustf)-
plasmosts frequently occur without pulmonary complaints thgfllf515 m
many such cases has been suggested by posiuive skin tests to coccidiodin
or histoplasmun,  Generally however the diagnosis has not been made
clmically but has been established only by exploratory thoracotomy

Actmomycosts and blastomycosts usually present pulmonary of 5ys-
temic symptoms unless the lesion 15 small and loealized  The usual doses
of antbtotics may limut the tendency of the infection to spread without
eradicaung the p’mccss Thus 1t is now more common to have the les:ot:
simulate a neoplasm than years ago. The demfmstn(sfm. of the fungu
in the bronchual secretion suggests the diagnosis but ft js important to
bear in mind that fung may be present as secondary invaders and not
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- S H-27 4y
Fig 116 Tomagreph beter demansteates the contour of e fes0n which way o
bron(hogsmc <yst,

be responsible for (e Pulnonany legion under question Explorarory,
thoracotomy. fogether v ith large dose, of Nb0ties 15 inducaroy for drag.
10Sis and thepggy (see Frg 123)

frank Tung abscess, ang abscess secondary, tp Obstructng Cranoma T,

features wnalh asacuted woeh smple abscess Carety} StUdy of ghe
SPUtum of such Patients almost alw ay s rey eqls cancer cells, The different;.
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liey by surgery 1s pracuically the rule, Nevertheless the climea] picture
of bronchial adenoma is much like that of bronchogenic cancer. Obstruc-

:
f -year-old male suggested
Fig 118  Roentgen findings of bronchostenosis in this 49-year-old o

: riod poi
carcinoma, but the histary of several pneumonias over ¢ 20. yheuv PT: m:“dm s
a lesion of long standing Operation demonstrated bronchiectas

broachial erosion by a calafied lymph node

non of bronchi as in cancer leads to suppurative duegsleu b‘; sh:)crh]ur::g
eventually result in destrucrion of part or all of the ':\ﬂ‘ec;e fobe bronch‘iri\l
Howevet, the differential diagnosss 15 usually not d{ﬁicu r,t :als( i
adenoma 1s more apt to develop m young women in con
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medustinal masses, of which there 1ssucha large variety (Fig, 119). Lien
the briefest discussion would go far beyond our seope here. Therefare
we will limit our remarks to the general prmciples of differentzal diagnoss
of mediastinal masses

td male with complamnt of cough

4
Fig 119 P mass 1n this | coveh
reveoled wick an operation o be a resectable mediastinal lymphosarcoma

pulmonary involvement

e by x-ray, as

Many mediastinal tumors are first discovered acc)dem;lll;t"l;i ;(c]l;ﬂt)ev ot

they are frequently asvmptomatic The symptoms :mce e of

the location of the mass, its mvasiveness, and the pfrfesen e
secondary infection, as well as to special metabolic effects
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Fig. 120 Roentgenogrom of 7i-yeor-old woman with dyspnea
cnama, previsusly suspected, was ruled out by noting movement of the moss with
Operahon revealed a bronchogenic cyst of the mediastinum

Pulmonary car-

swallowing

changes m the metabolic rate A radto-todine “prckup” will usually define
a substernal gorter, The presence of myasthenwa gravis usually suggests
that the mediastinal tumor 1s thymc 1n ongn Biopsy of enlarged Iymph
nodes n other areas will often permut the diagnosis of lymphoma or
sarcoidosts.  Exploraton of cervical issues m the area of the scaleni is
often mdicated  Studies of the perspheral blood and bone marrow may
reveal the presence of lymphatic leukema as a cause of the medustinal
enlargement  Careful study of the patient us 2 whole may reveal that the
N mediastinal enlargement 1s due to metastatic tumor from a distant primacy
™ source. In the patient m whom lymphoma 15 suspected, trradiation of

}

s
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Functional Aspects of Pulmonary
Disease as Applied to the Man-

agement of Cancer of the Lungs

IsraEL Rappaport
avp Hersert C. Maes

1t is hardly necessary to pomt out that an understandwg of Jung func-
tion and dy sfunction better enables us to anterpret the clmical features
of pulmanary diseases, and 15 therefore helpful 1 their treatment  Assess-
ment of lung function by recently elaborated tests is connng into ever
wider use  In the casc of bronchogenic cancer this is true perhaps t0 3
somew hat more limited extent than to most other puimonary diseases,
because the lethal potenualities of cancer do nor permit the same regard
to preservanon of lung function as 15 desirable in the management of non-
mahgnane lessons. Yer st may truly be said that even in this disease
appreciation of the functional aspects 1o be discussed here 55 essentsl to
the full mastery of cltnical management. For the discussion of pulmonary
dysfunction 1¢ 15 necessary to provide bachground mformation regarding
the major aspects of pulmonary function and the methads now used for
the assessment of therr efficiency

ORGANIZATION OF PULMONARY FUNCTION

The prumary function of the lungs 15 the exchange of the tesplm“"?:
gases—ovygen and carbon dioside. The transfer of these gases 1 \f
diffusion.  This physicochenucal process tahes phc]e over the surfaced o
contact berween the gas m the alveoh and blood in the mpzllmcs,‘ nlc
to differences in parval pressure. The air and blood supply of the ::\ZZ i
is dependent upon the breathing actvity of the chest and the Ddc:
pumpg actwity of the heart. However, normal gas evchange ':s y
)pendcnt directly upon local adaptation of ventilatton, blood flow, an
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Functional Aspects of Pulmonary
Disease as Applied to the Man-

agement of Cancer of the Lungs

IsraEL, RAPPAPORT
anp Herpert C. Marer

It 15 hardly necessary to pomnt out that an understanding of lung func-
tion and dysfuncrion becter enalles us to interpret the chnical features
of pulmonary diseases, and 1s therefore helpful in their treatment, Assess-
ment of Jung function by recently elaborated tests is coming Into ever
wider use. In the case of bronchogenic cancer this is true perhaps to 2
somew har more hmted extent than to most other pulmonary discases,
because the lethal potentulities of cancer do not permir the same regard
to preservation of lung function as1s desirable m the manzgement of non-
Yet 1t may rruly be sad that cven w this disease

malignant lesions
appreciation of the functional aspects to be discussed here 15 essential g0
he drscussion of primonary

the full mastery of chnical management.  For ¢

dysfuncuon 1t is necessary to provide background information regarding
the major aspects of pulmonary function and the methods now used for
the assessment of therr effictency

ORGANIZATION OF PULMONARY FUNCTION

15 the eachange of the rcspir'nmrv
The transfer of these gases is by
Les place over the surface of
capitlanes, due
of the aheols

The primany funcuon of the lungs
gases—ovgen and carbon diovide.
diffusion  This phy sicochemucal process t
contact herween the gas 1 the alveol and blood n the
to differences i parual pressure The air and bload supply o
1 dependent upon the breathing actuwity of the chest and the p g
pumping acuvity of the heart However, normal gas exchange fs ncd
pendent directly upon local adaptation of ventilanion, blood flow, 8

8



FUNCTIONAL ASPECTS OF PULMONARY DISEASE 279

diffusing surface 1n the alveoh. “There 15 now reason to believe that this
functional adaptation at the als colar level is accomplished somes hat inde-
pendently from ventilation and eirculation m the lungs as a whole. Pul-
monary function 1s under constant regulation by the homeostatic mecha-
nisms of the body in response to changing metabolic requirements

Pulmonary fanction thus comprises four distinct components, each of
which 1s nterrelated with the others

1 Breathing 1s performed by the bellows action of the chest. It s
concerned with the maintenance of lung volumes, their constant refresh-
ment (pulmonary ventilation), and with the work performed by the
mechanism of breathing

2 The p y k d by the pumping action of
the heart It 15 concerned chleﬁy with mamtenance of blood flow and
pressure conditons in the pulmonary vascular bed optunal for normal
function of the lungs and heart.

3 Gas exch pt are d with of normal
levels (pressures and contents) of the respiratory gases m the arterralized
blood leaving the lungs through the pulmonary vens This includes the
phvsicochemical critena for transfer of the gases 1n the alveok and the
adaptation of ventilation, blood flow, and diffusion surface at the aheolar
level

4 Regulation of pulmonary function rs concerned with the phenomena
of homeostatic control of the correlated functions of gas exchange and
breathung from the respiratory center, which invohes also the regulatton
of the acid-base balance of the body.

Analysis of pulmonary function m disease rests on the use of methods
for testing the efficiency of tl\esc component functions, as follows

hng and 1ts I are studied by spirometric meth-
ods. Spirometry has become the most useful and versatile tool mn the
study of pulmonary function It enables us to measure the movalle
volumes of atr in the lungs (vital capacity and its components) It affords
exact measurement of ventilacory capacity, t¢, of the amounts of air
tumover  Sp v enables us to d 0, 1take and CO, output
which, when related to the amount of air tum:d over, | affords a measure
of utthization of ver * pa-
ratus enmables us to . bur
not least spicometr
to measure the work evpendimuse of breathing,

The pulmonary crrculation 15 studied mostly by mdirect methods
Analyss of the gases m the artenal blood, when related to dara of Q.
uptake and CO. output m the lungs, affords mformation on rate of blood
flow through the lungs By catheterizatton of the heart and pulmonary

us
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artery jt 1s now possible to determine directly the pressure level prevailing
m most of the pulmonary vascular bed. i

Gas exchange efficiency 1s tested by gas analytrcal methods and is ex-
pressed 1n terms of O, saturanon and CO, content of arteris! blaad, ac
well as in terms of gradients of tension of these gases in arterial blood
and in the alveolar gases

Correlation of the data on pulmanary \cntilation and gas exchaage
enables us to assess efficiency of ventdation and of circulation at the
alveolar leve! m terms of gas exchange and in terms of diffusing capacity
at rest and wprximal diffusing capacity in exercise

Correlation of the abose datr with the momentary acid-base balince
of the body affords information about the sensitiunty of the respiratory
center and 1ts efficiency 1n the regulacion of patmonary funcnon,

In explanation of the fnrcgumg, a brief discussion of each of the four
components of pulmonary function and their phenomena 1s here in place.

1 Brestiive

Breathing s a mechantcal process performed by the chest bellows aperac-
ing through the force of tome contractions of muscles assoctated wuth the
chest wall and diaphragm, and the force of “elastic recoil” generated in the
clastic structures (m the lungs and chest) during ther dntended state
Breathing operates with a reservorr of gas in the lungs and in cycles of
expsnsion and retracuon by which the air in the dungs s venulaud I
evaluaton of breathing we are concerned therefore with the following
three components lung volumes, pul ry ventilach and h
of breathmg,

A Lung volumes and capacitses (adapted from Comroe)

Primary volumes which do not overlap are the following.

T1dal volumte 15 the volume of gas nsprred o exprred during each respir-
atory cvele X

Iu}prmtory reserve volume 15 the maximal amount of air that can be
inspired from the end-nspiratory posttion b

Expiratory reserve volume 1s the mavumal volume of gas that ean be
expired from the end-espiratory level .

Renidual valwwe s the volume of gas remaimng jn th
of a mavmal exprration

Capacrttes tactude two or more primary volumes,

Total lung capactty refers to the amount of gas in

1 nsptraon

o lr;]:/z‘l Z:‘;f]rn;) 15 the mayima) volume ij gﬂsvthn_( can be expelled from the
lung by facceful effart following a mavjmal inspiraven e Tungs

Functional restdial capacsty is the volume of gas remainng n the lung:
at the resting expiratory fevel

e Jangs st the end

as follows
the lungs a¢ che end
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Lung volemes measured by spirametry do not mclude the residoal volume,
which must be determmed by a spectal method * The residual volome
added to the vital capacity gves the total capacrty of the lungs  The
residual volume constinutes 20 to 25 per cent of the rotal capacity. As z
rule this rato, RC/TC 15 increased somewhat wath age and m indn tduals
over 60 years 1t may be gs high as 35 per cent

Vutal capacsty values obtamed by spirometry are evaluated 1 reference to
standards based on cuterta of age and physical constiutton Actual atal
capacities of healthy ndnrduals mav differ as much as 20 per cent from
standard averages  The vital capacity found for any subject should nor be
considered subnormal unless i¢ s more than 20 per cent below that predicred
from standard  Vital capacey 15 Jower n the recumbent posiion. In pul-
monary discases viral capactty can be decreased by every & pe of affection,
namely, congestion, sniiammatton, fibrosis, bronchsal obserucuon It is de-
creased by conditrons interfersng with mobility of the chest pleura) effusions,
pneumothorax, tight strappmg, chest deformuey, pan m the chest, b frac-
tare, abdominsl v ound, pregnancy, phrenic paralysis, ecc  Vital capaciry
reduction s not pathognomonic of any condiuon and does not signufy pul-
monary disease or duability  Consersely pulmonary duabtlity may be pres-
ent with normal vital capacity

Residusl volme changes may occut m both diceetions  Decreascd sesidal
volume occurs 1o diffuse pulmonary fibrosis and 1n diseases of widespread
alveolar invohiement (geanulomatosts)  Increased resdual volume pnphes
puimonary bypermflanon, This may appear an the form of compensatory
hy peninflanion folow ing surgical removal of parts of the lungs, or 1 the
form of rrue emphysema due to structeral changes preduced by various
pulmonary diseases, resulang from bronchial obstuction (asthma), or caused
by deformuty of the thorax la the I pennflaed Jung the toral capactey
may remam unchanged and the vical capacity 1s reduced  This need not
affect pulmonany ventlanon In facr the hypennflated state of the lungs
nced not of ttsclf 1mply pulmonary disabiliry, as for example in the case
of elderly mndniduals who are not 3 1 spree of
emphy sema

Total lung capactty is measured by adding the residual volume to the vxtal
capacin  le1s decseased in pulmonary affections assocrated with congestion,
edema, fibrosis, or ncoplasm, with pleural effusions or ,-neummhnm, and
with pulmonars or pleural conditions that prevent
of parts of the fungs  Tozal Jung capaciny 15 usually normal or nnh shghzlv
increased tn empht sema, but m the presence of partial obstruction of the

* The method now most wideh wsed for determunavion of residuat volume
15 that by which the N, contuned 1 the fungs 1s washed out by nhalanon
of pure oy gen for seven minutes  The residual volume 15 calculared from
the amount of Ny so replaced in the Jungs  This method 15 also uscfol for
determning the sfficiency of mtrapulmonan miing of the gases, the so-
called “mrxing sndex”
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pertpheral bronchiolar type, there may be hyperinflation with increased eotal
lung capaciey  Emphysema with loss of structure resyles caalescence of
alveolt 2nd the toral lung capacity may be reduced although the air spaces
appear hyperinflated.

Restdual voltme 1o total capacity ratio ean be incressed either when the
Tesidual volume 15 mcreased (asthma or emphysema) or when the toral
lung capacity is decreased (fibrosts). Inercased rano need not wply dis-
abling emphysema  In clderly people the residual volume may tnerease to
30 per cent of total capacity wathout necessantly causing symptoms.

B Pulpuonary vemilation

The turnover of gases 1 the Jungs 15 measured by the race and depth of
breathung, At rest the aversge rate ts 12 to 14 breaths of 05 to 06 heers
ndal volwmes each, amounting to an average mmnute vohane of ventidation
of 7t0 8 iters  In exercise pulmenary vennlation will increase proportion-
ately with evertion to as much as 12 to 15 times this amount. In utmost
exertion spaximal ventilatory capacity is held to be Jinuted only by the
effictency of the chest bellows as related w the elastic properties of the
lungs, which will be considered next under the heading of the mechanics
of breathing.

Evaluatror of ventdatory funceion should begm wueh careful chnical ex-
amination which affords much information.  1We can estimare chesy expan-
sion and loten for the quabty of breath sounds over varous parts of the
chest At fluoroscopy we can observe the evtent of costal and drphrag-
mattc evcursions  Oserdistention of the chest, or contraction of parts of
it, hypo- or hypervennlanon, can often be recognized by careful exam-
marton  However, the lateer may also be nusleading  Patients may seem
to overbreathe by appearance of their chest movements but in effect
are not turmng over adequate volumes of air. We must therefore resort
ta sprrometry stnce adequacy of ventilaion can often be exactly derermme:&

When venul: 1

only from quantitatve measurement
measurement of minute volume 15 of grear value. .
Hypoventdation of milder degrees occurs commonly in various affec-
trans of the lungs, broocht, and plesra More sevete degrees are pﬂ;lc\l'
larly apt to occur m conditions affecung the respiratosy center, such 13
: severe CO; retention, or cereliral trauma. 1t

anesthesia, prolonged anovia, e of

15 almost regularly produced by conditions merfermg v

the chest, such as severe nib fracrures
Hyperventilation ss primarily a compensatofy

1t 15 seen most regulasly in the grear »agiety

1 v
well as 1n cardiac states 1ated with p )
1 whech chese detianons from normal sennlation affect gas exchange 1

phenomenan and 25 such
f pulmonary affecuons s
‘The manner

the Jungs will be raken up later . o
The efficiency of ventlation can be estimated fromt the zmounts n:u”‘;
mtake and CO; output as refaed 10 the total atr rnaver. These mea
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nients can be readily made by means of splrumetn' With these dita we
can caleulate the “mdex of vl of " under
rest 2s well as of exercise

Bronchosprometry enables us to measure the air turnpover, the O, mtake,
and the CO; vutput of the two Jungs separacely  Thiw s accomplished by
passing a double Jumen tube nto the airwars and conneceng the scparared
outlets from each lung to spiromerers 1t has heen found that the night lung
15 responsible for about §4 per cent of the toral ventlation and O, con-
sumption

C Alechames of breatiyng are concerned with the forces mvolved
the moyements of the chest and lungs, the work performed by them, and
the evaluznon of these forces from the standpoinc of chnical function and
dysfunction  The chest and lungs are held expanded by the tonic con-
traction of the mspiratory muscles, the periodic increase of wiuch brings
about actine nspiratory epansion  Balanced agamst this 1s the force of
“elastec recail” generated in the stretched elastic structures of the evpanded
fungs and chest This brings about passive expiratory retraction duning
pertods of relaxation of the sspiraton forces Aemve cxpiration 1s brought
about by the force of exprratory muscles which become zctue 1 effore
breathing  The work of breathing 15 performed by these forces overcom~
ing the opposed resistances  Analysis of the forces and resistances i olved
has led to the cursent concepts of "pulmonary comphunce” and of “pul-
monary resntance ™ The former refers to the distensibihey of the lungs
while the latter refers chiefly to fricnional resstance to flow of gases 1n
the airways and to movement of the ussues  Pulmonary complnce 1s
measured by change of solume In response to change tn presure  Pul-
monary resistance ts measured by race of flow *

Econonty n work of breathmg  The mechamical work performed bas
been caleufated from pressure-volume curtes obtaned during normal breach-
ing at difesent rates under different conditions and m patients with a
rariety of pulmonars affections  These studies have shown that bresthing
1s 50 regulated as to make for the greatest possible economy i work ex-
pended Under normal conditions slow and deep breathing o rapud sad
shallow breathing both invehve more work than does spontancous rest
breathing ac the rate of 15 breaths of $00 ce each per mimute  Under
abnermal conditions on the other hand, the work of breathing s several
tmes (four to five) greater and ocher patterns of breathing are econom-
cal  Asthmanes with mcreased arway resstance tend 1o breadhe more

*A ment method of pulmonasy compl has recently
ot eteboreed i Aoy of g e Aagrrams, merach ressure
changes being recorded from the esophagus  Pulmonary reststance 1s con-
vensenth, measared 2t the same ume by spirometers provided wirth tming
appararus and a fast-moving drum, so that volume and rare of flon per unit
of time can be exactly determined
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slowly and deeply, while cardiacs with decreased comphance tend to have
more shallow and rapid bresthing. There is reason to believe that exces
sive mechanical work performed 1n breathing plays an important role in
dyspnea. More discusston of thus will be given later,

Functional tests of mechamcal efficiency of breaching include the follow-
g ewo methods s hick have acquired prommence in modern lung functon
studtes.

(1) Tomed wutal capactty is a test of expiratory flow rate obtained by a
forced expieation o a spreometer provided with tuning appararus, A
normal mdividual can expire about 80 per cent of his vital capacity n the
first second, more than 90 per cent in two seconds, and close to 100 per cent
m three seconds. Pulmonary discase profoundly alters this, In obstructine
pulmonary disease (emphysema) we usually find marked slowing of ev-
prratory flow rate  The one-second volume of expiration is then reduced
w proportion ta seversty of the disease, at times even to half of the actual
vital capaeity. It should be noted, how ever, that in pulmonary disease with
restricted expansion (reduced vital capacity) but without obstruction, the
one-second expiration volume may be normal when refecred to actual vital
capacity, but greatly reduced when referred to predicted vital eapacity.

(2) Maxemal breatbimg capacity (MBC.) is defined as the maimal sol-
ume of atr that can be breathed per minute Normally this can be pro-
duced only by voluntary effort, rarely if ever is it produced by severe
exercise  In the MB.C test the subject is mstructed to breathe mto 2
sprrometer prosided sth Jow reststance, as decply and as rapidly as he an
for 15 seconds, choosing his own rate and tidal volume The frequency
should be between 40 and 70 per munute, with tidal volume about half of
vital capaciev. Normal figures vary 1n different laboratories as much as 30
per ceat, and are much larger for males than fur females, and larger for
vounger than for older age groups of both seves .

Reduction m M B.C must be large to be signtficanc  The tese is very
subjectne depending as it does on the subject’s desire to co-operate even
to the pome of exhauston M BC rests most of the mechanal factors
tnvolved in breathmg, namely, the available muscul:r‘ force, the compluance
of the lungs and thorax, and atrway and tssue resistance Great r:duc);
non of M.BC s demonstrable 1n patients with obstructed airways oc with
On the other hand M.BC may be ample in pulmonary

emphysema !
fibrosts even when vival capacity 1s marhedly reduced MBC tests aﬁorf
much s di h: o hing In many typts o

diseases but a low value 15 not characteristic of any di-

cardiopulmonary
ease It 15 an cxhausung te:
leading mn weakened panents. .
T E ’f and maimal-breath paciry tests are ofxen;;{

i £ 43

formed before and after the admumstration of bron:h(»athrbc[lmfsmm"
allows us to determine whether we are dealing \\:;h rcv?rs;n; "rmmcm

N upon diagnosis
whech has an 1mp beaning up iy

of the condition,

ot and at times might be ill-advised and s~
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I Priaonary CircuraTioN

Blood to and from the lungs 15 driven by the pumping action of the
heart, but 1ts tranzmussion through the vast pulmonary capillary bed depends
upon obscure factors which regulate the flow of blood within the alveolt m
close 1 with alveolar 1 The role of the heart 15 ar-
tested by the consequences of obstruction m the pulmonary circulation upon
the might side of the heare (cor pulmonale) The role of correlaton of
venulation and blood flow at the ak colar level 15 attested by the pulmonary
hypertension resultng from anowa and carbon diowide retention  ‘The
pressure Jevels i the pulmonary circulation are mere fractions of those
which prevail m the systemuc circulauon  Furthermore these low pres-
sure Jevels are not affected erther by doubling of cardiac output or by loss
of half of the vascular bed (preurmanectomy) Al of s cleatly pownts
to the prodigious capacity of the pulmonary vascular bed esther n the form
of reserve channels, or in the great distensibility of available channels, and
probably n both

he pressure 1n the pulmonary vascular bed begins to rise only when
cardiac output has increased more than threefold, as in evercise It rises
sharply on exercise when the vascular bed has been reduced to less than 1ts
normal half (as i patients with one lung on exercie) The pulmonary
vascular bed usually becomes reduced with advancing age Pulmonary
discases obliterating or compressing patts of the vascular bed have the
same effecc  This 15 parucularly true of disorders of the pulmonary cir-
culation (sclerosss, thrombosis, embolism, etc )

A considerable amount of mformation about the level of pressure n the
pulmonary vascular hed may be ganed fram fluaroscopie examuation of
the chest with special attention to the pulmonary artery and the right ven-
tricle  Tor complete evaluanion of the pulmonary circulation 1t 1s neces-
sary to include carduc catheterizanon

HI Gas ExcHANGE

Two sets of phenomena are imalved 1n gas exchange adaptation of func-
tions at the alveolar level, and the physicochemical criteria of the transfer
of the gases berw een blood and air

A Adaptation of functions at the alveolar level 1s perhaps the most cru-
cnal part of pulmonary funcuon  lts mportance will be readily appreciated
i we consider that the ulumate purpose of Jung function 1 gas exchange,
that the rate of the latter 15 dictated by momentary requirements of metab-
ohsm tn the body, and that this fluctuates betw een the extremes af the low
basal level at rest and a tenfold increased Jevel 1n severe exercise  Normal
lungs are prodigiously endowed with facilies for a very wide range of
vananons aa function (It has been estimated that there are 750 nullions
of alveolt with a diffusing surface of about 100 square meters )

Under pathologic condions abso, these faciliies afford ample reserves
for comp y function Considening the vast number of alveols, the
size of the pulmonary vascular bed, and the extent of the diffusing surface,
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15 15 easy’ to see how evrgencies of greatly increased function 1n utmost ever-
tion are met by normal lungs  The difficult problem seems to be rather
that of how normal lung funcuion of basal level at rest is essayed and
how 1t 15 constantly adapted to such a wide range of fiucruations in mo-
mentary requirements of gas echange. Obriougly this wvolies exguisite
adaptation of venulatton, bloed flow, and diffusing surface at the alseolar
Jevel.

The exact nawse of the mechanism by which this exquisiee adaptation
of function at the ahveolar level 1 accomplished remuains to be elucidated
Much recent evidence pomnts 1o the fact that this mechanisn 15 keyed o
the tension lesels of O, and CO, 1n the blood and 1n the gases in the alveoli.
Ie 1s farely well established that the tension levels of these gases 1n the blood
have a dircce focal influence on capilfary blood flow and on pressure levels
prevatling 1 the pulmonary yascular bed, as well as on alveolar vennh-
won In normal lungs this mechanism plays a role in directing blood flow
to ventlaed alvealr and diverting ventrlation from insctrve non-perfused
alveols  There 15 much evidence to indicate thar even under certain ab-
normal condwons this mechamism acts to divert the flow of blood fram
nanfuncrioning to normally functioning parts of the lungs,

Venulatton of alveoh without correlated adequace blood fow will result
m “deadspace ventlation effect” Blood flow m alveoll without corrclated
adequate ventilation will manifest wself i “venous admuture effect.” Ab-
nornalites of diffusion surface adaptation will Tesult i decreasing diffus-
ing capaciry  The implicanions of these upon gas exchange will be discussed
under the next heading

B The physicochemical criersa of transfer of the gases are different for
cach of them

Ovygen uptake 1s determined by the chemtcal combinavon that this gas
enters nto with hemoglobmn  This associauon enables blood to become
fully saturated with O, (97 per cent of capacity), even ar Jevels of O,
tension fac below that prevailing normaly mn the lungs durmg vepvlanon
at rest  Not only 1s the blood passing through the normal Jung saturated
with O, to s full capacrty with muntmal breathing under cnnquns of
rest, but even with subnormal ventilation, O, saturanon of the blood will not
suffer unnl O, tension falls befow 75 mm Hg In the normat jong O;
saturstion of the blood cannne be sigmificantly raised by increasing the ten-
ston of O, through hypervenalation or mmhalation of O Under 2bnnlma.1
condinons, however, hypertenulanon and O, whalation, and especually
the latter, readily reheve unsaturanon (apovia). Subnormal sanuration of
arterial blood may be detectable by ©yanosts, bluish discolorauon of the
mucosal surfaces and, if of sufficient degree, dsf'olormon of skin. How-
ever, cyanoss 1s oot a relable mdicator of arterial anovia as 1e may result
from local slowmng of capillary curculanon and at times may not :%ptbﬂ
Oxygen unsaturation 1 usually measured by

unul anovia ts very severe
Recently spectrophotomerric methods of

exact gas analytical methods.
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oximetry have been elaborated for deternination of arterial O, saturatton
levels These are now widely used, espectally where continuous recording
is desirable, as duting anesthesia,

Carbon diovide elonmation The CO, content of venous blood 15 1n direct
proportion 1o the pressure Jeved of this gas n this blood  In passing through
normal lungs this pressure (pCO.) 15 reduced from the venous level of the
46 mm Hg o the arterial level of 40 mm Hg  Because CO, has a much
greater diffusibiliy (20 tmes greater) than O} and because the CO; content
of the blood and the alvcoli depend more dircetly upon the pressure level of
this gas, carbon diouide elimmnation 1 far more mmediately affected by
breathing, t¢, pulmonary ventlion Hyperventilanion results m the
blowing off of excess amounts of CO,, while 1t has no effect on O, uptake
1n the normal and Lttle effect 1n the abnormal lung  Hyposentilition, on
the other hand, will immediately affect CO, eliminanion and will result 1n
CO, retenuon of proportionate degrec, first 1 the lungs and then 1 the

lood If severe, hy porenttlation will soan result m O, want also.

By virtue of CO; chmination, lung function plays the most imporrant role
m the regulation of the acid-base balance of the body vnder homeostate
control from the respiratory center. The phenomena which resule from
this will be discussed below 1n connection with regulation of pulmonary
funcoon

Gas exchange disturbances and thetr evaluation

Anovia 15 by far the more common mamifestanion of gas exchange drs-
turbance  Indeed anoia ss often present when CO, 15 bemg elimmated
1 excess because of hypervenulation due to the anovia or the pulmonary
disease wself In contrast CO, retennion dues not usually occur without
simultancous presence of anow, except 1 patients under O, whalation
or during ancsthesia By means of gay analytical studies 1t has become
possible to differentiate berween the following four tvpes of gas exchange
disturbances

Hypoueutilation refers 1 pulmonary sentilation wadequate 1 propor-
tion to gas exchange requirements It 1 usually associared with decrease in
tudal volume or eate of breathing or with meretse m deadspace (egr, ae-
space abnormalitics 1n the lungs) Tt always results m CO, retennion  Hy po-
venulation 1» particulacly apt to escape artention during surgeal anesthestas
when high concentrations of O, are wsed which pres ents anova, but cannot
prevent CO, retention

Venous admitture (venous to arteral shunts in the lungs) 1s present
when tmany ahcolt or large segments of the lungs are blocked to pulmonary
ventilation but not to the circulanion, so that unarteralized blaod is passing
through the lungs  This 1s the only condition in which the anovia produced
cannot be corrected by mhalation of O, m high concentration  Exercise
aggravates this anovia as blood becomes more venous €O, retention 15
shght simce the lungs can by perventilate and blow off more €O, m the
compensaung areas
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Impaired diffuston as an isolated phi 15 chiefly ch: ic of 3
group of specific discases involving the alveolar structures (granulomatasts,
sateoidosts) It leads to marked anova that is exaggerared by increased
CO, eltmmnanon, as pattents with these diseases tend to hyperventilate,
Diffusing capacury may become 5o low thar these patients can be hept alse
only by inhalation of O 1n high concentratian, which can compensate for
the defect. In patients kepe alive in this manner, CO, retention may ocea-
sionally resulr,

Dysfunction at the alveolar level 1s vartously described as fatlure of miv
mg or distribution, or as uneven ventdadon-blood flow relati hip, This
is characterized by anovwa which 1s completely compensable by O, inhala-
1o, bur often ar the cost of hy poreatlatian leading to CO, retention As
the anovic stimulus to breathing 15 removed by inhalation of O, these
patients tend to Lapse o a state of hypnenulation with COy retention

Combinations of the above four types of gas-exchange disturbances ocrur
frequently n the same pavents  In emphysema there may be hy pervenu-
lation, abnormal venulation/blood flow ratio, and impaired diffuston  The
same may be said of some prtients with open hemithorax.

Even senous pulmonary disease need not lead to anovemis, This 15 2
chnteal fact thar will bear repeated emphasis. In some cases lung sress
affected by carcinoma, cysts, or tuberculous lestons recerve hietle blood, but
as long as the rest of the lungs functton adequately, O, samuranon remains
normal  The same applies after preumoneccomy if the retmainmg lung
nermal.

The presence of anoxemia does not necessanly imply symptoms or dis-
abikey,  Atreral O, uasaturaton of maderately low degree (between 90
and 85 per cent) does not wsually disable patients. Even lower degrees
(80 per cent and below this level) of O, saturation are cnmpztfblc with
actne hfe, partrcularly in patients with congenital heart or anatomic shunts
These patients usually have poly ¢y thenna, which greatly increases ther Oy
holding capacity  Up to a certam pomnt this 15 a great factor of compensa-
tron bur it 15 imited by the excessive increase in blood viscosity which even-
tually increases the burden upon the heart or may result i thromboss

In’ contrast, severe symproms and disability are produced 1 pulmonary
diseases by the s hing effort of mai g alveolar gas ex-
change and normal Oy saturation  In asthma and emphysema severe d,\'sr’d-
nea and disabitlry may be present in spite of normal O, saturadon an
notmal CO; level, they are probadly related to mechanicat fatzors wm e
ulation and the mcreased work of breathing

IV. Reevranior oF Lune Funcrion
It 15 2 part of the homeostarte mechanim of the body'm contral Jung
Iy 10 accordance with b

funcoion y q
e

This regulators mechanism 15 exceedingly complex and fat fmm'w“.;ﬁq "

hended  We know that st arigenates with countless sumul streaming

all parts of the bods m the form of proprioceptive reflexes The sumuls
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sensttivity of the respiratory center are of great importance  We are
tgnorant of the reasans for these differences. The facts are that some
pattents with pulmonasy insufficiency retam high sensitiu ity of the respira-
fory center, driving the breathing mechanssm to contnued cfforr which,
in spite of dyspnea, heeps gas evchange up to pormal levels, while other
paceats show 4 striking lack of response 1n spite of deep cyanosis due 1o
severe anosena [n chis so-called non-dyspneic form of pulmonary -
sufficiency, chronic anovia eventually leads to heart fathure, This wpe of
pulmonary insufficrency can at least temporarily be combated by mechani-
<al resprratars, of which there is now a varsety in clmical use.

PULMONARY DYSFUNCTION AND ITS ASSESSMENT IN
LUNG CANCER

The effect of a pulmonary cancer on Jung function can vary tremen-
dously. In many imstances, partieularly in cases with a small penpherat
carcmoma, no demonstrable abnormalicy 1 pulmonary function can be
demonstrared by the technics mvailable at present.  Since there 15 a
rather wide vartanon 1n what is considered to be within the normal
range, small variations 1n function cannot be considered ss abnosmal
This does not necessanty soply that the pulmonary function of most
patients with a small penpheral carcinoma is normal. Because of .df\c
tugh incidence of bronchial weitation from smohing, chronic Lroachitis,
and especially pulmonary emphysema among individuals \'»'i(]} hmg can-
cer, the pulinonary functian often shows varying degrees of impoirment
due to these chromic changes  Thus i many patients such disrurbances
1n pulinonary funceion as are present may be largely due to alteranons
i function that dated the ey elop of the neapl This is
parucularly true m the clderly panent. . .

In any considerauon of the decrexse in pulmonary function that might
result from a bronchogensc carcmoma the location of the ncoplasm m
relation to the tracheabranchial tree will be of considerable importanee.
A tumor 1n a mam hronchus which seriously mterfcres' with the ventt-
lation of an enarce tung wiit tend o cause greater impairment nf‘\;jg(:
lation than a neoplasm limited to a lobar or segmental bronchus W Cr i
the growth docs nor narrow the bronetual luntert su'fﬁcﬂmly [\3 mrcur
fere with ventilatory evchange, httle funcuional jmpairment may occ

ss distal pneumonitis 15 present. R .
un'li?he cﬂ'tctpof bronchial ol}:’strucrmn on pulmonary fopetion 1 C;:"l:ld'
erably mfiuenced by the rapidicy with which the process ncc;xri. g h‘zc‘;‘
one ;egmcntal bronchus of a lobe becames gradmll'yb mlca\;\(cbcc:fu‘c
tumeor, the changes it lang velumes and capaf:mc( may 'le :3 cgments
of the compensatory hypenmflation of the adjacent uniavo
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Even obstruction to the bronchus of an entire lobe may be associated
with only mior reductions in lung cnpacmcs provided the changes occur

dually and are not d by extensive p or sigmifi-
c.\nt pleural reaction I\Inrcm cr, the alnht) of the remainder of the lung
to undergo compensatory hypennflauon without resuling m gas ex-
change disturbances will influence the extent of functional mpasrment,
When diffuse pulmonary emphvscma 15 present, the hypennflanion of the
adjacent lobe may lead to dysfunction at the alveolar level and be mani-
fest by considerable 1ncreases 1n the residual volume and reduced effi-
ciency of ventilation  In patients with severe emphysema, anoxemia may
oceur

1 d d

Since maximal ¥ 1 on the effictency
of the chest bellows, any chest pam, lmp:ur:d Tespiratory motion, or
pleural complications may profoundly reduce lung funcuon even m the
absence of extensne parenchymal lung disease  Thus 35 dramatecally
demonstrated by the dyspnea and cyanosss which an acute pleunus can
produce. In some cases the roentgen estdence of pleurisy may be -
deed meager  Fluoroscopy will demonstrate better the impairment of
venulatory motion  Marked reduction i1 maximum breathing capacity
may oceur from sphinung of the chest wall due to pam or thichened
pleurs  Pleural effusions can obuviously decrease lung volumes and
capacities,

There 15 a tremendous difference in the degree of disturbance of lung
function caused by an acute Jobar pneumonia as compared to chronic
pneumonitis of a lobe secondary to slow bmnchml vecluston  In the
later wstance the gradual red m 1 through
the 1ms olved lobe as ateloctasts occurs obviates slgmﬁc;mt venous admix-
ture and thus anoxerma and carbon diovide retention rarely occur i the
absence of pulmonary emphysema Lven when a tumor has obstructed
the main bronchus to an entire ]ung, the blood gases ate usually normal
Therefore whenever emphysema
of the opposite lung must be suspcc(cd provided acute pneumonitis or
pleuntis 15 not a factor  If the patient has severe bronchospasm or
asthma, anovenna may be only ntermuttently present and may be cor-
rected by bronchodilators

Considering the great multiplicity of changes produced by cancer m
the lung and ity complications, 1t 15 not surprsing thar s many ty pes of
pulmomr\ dy sfunctron mny ensue

lﬂml.rwr_v wnpatruent prcdnm\m(cs when tumors cause 1) inter-
ference with flow of air by obstructng or compressing bronchi; 2)
meerference with mobiliey of the lung thy pleunl effusions, or large tumor
masses, and 3) interference with mnlnllt\' of the diaphragm bv involve-
ment of phrenic nenve
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Fulmonary misufficiency may be produced when the area of functioning
lung parenchyma 15 drasncally reduced by: 1) tumor blocking out a
whole ung (obstruction of mam bronchs or vessels), 2) widespread tumor
interfering with gas diffusion across the alveolar surface (alveolar carci-
nomatosss), and 3) overdistention of an emphysematous remaining lung
following pueumancctamy.

Vennlatory impaitment and pulmonary insufficiency are frequently
concomiant.  The functional imphcations of these have been discussed
in the preceding part of this chapter. Dyspnea 15 the most conspicuous
ehmeal mamifestation of palmonary dysfunction in lung cancer as it is in
pulmonary diseases in general  The question naturally arses as to how
much reliance can be placed on dyspnes a5 an index of pulmonary dys-
function. The causes and features of dyspnea in cancer of the Jung
therefore merit special discussion,

Dxsexea as an INpex or Puratonary Disruneriov 1v CANcer
or tHE Lung

The interpretation of dyspniea may vary with the stage of the neo-
plastic process. Qccasionally 2 patient wieh Jimited pulmonary involve-
ment may complan of dyspnes  Often such shortness of breath s evpe-
rienced only jntermittently and may be a subjective sensation not con-
firmed by objective observation. As the evident pulmonary changes do
not account adequately for such dyspnea, we must assume that reflev
distusbances of breathing are responsible  Transient recurrent cprsc‘»dcs
of dyspaca may result from secrettons ehiciung bmncho:pj.n':c reactons
1 already irritated bronchi, Dyspnea early mn the disease is no Eiaubr
an exprcs’sion of some disturbance n lung function but st certainly is not
an index of pulmonary mnsufficency  Particularly from the standpomt
of treaement, 1t must not be mterpreted as a contraindicanon to rescc.lm‘n
which might be expected to relieve this type of dyspnea. Hence it is
important to understand chat mn cancer of the lung there are many
mstances 1 which a listory of intermutent dyspnea does not contra-
ndicate resectton, '

Dyspnea in advanced Jung cancer 1s readily cvphmcd.hy the pu]m(m-‘lr)[
dysfunction produced by ¢he discase  Such correlation night sn;rg’g:s'
that dyspnea 15 a rehable index of pulmonary dysfunction et a"\'

atients, even with exeensive pulmonary neoplasms, dppear rud suffer ;c :c
uvely hittle from dyspnea Slow growth permits gradual a a.ptvaur; o
the dimimshed function, Morcover, the great reserve capacity 0l “(
luags enables most patients to tolerare marked losscf 1‘;1 f:nc;lg;xggm;_f
parenchyma. Another important factor 1s the great in 1\>1 u:f he seoprs
in “dyspnea threshold * Indrvidual differences in sensituity
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atory center account for dyspneic ang non-dyspcic forms of Pulmon,
!nsufficiency Thus dy Spnea cannog pe relied upon g5 4 ndex of pyly.
13y dy sfincryon for practyea) chinieat Purposes. In some cases we might
end to refryy, from 3 TESECtion wpych 15 feasible y hyle 1 other cages
Merun the sk of Pulmonary fatlure 55, resule of resection, Lung func.
bon studies may canfy g Situatzon

Assessaipng OF PLiaigy ®Y Ftacrigy,
Since Pulmonary, Fesection 1 the treatment of chosce for Operable cases,
the patieny's tolerance 1o the Mteryeneon Must be estimaged S0 far rely.

Function) studies yy 5 farge number of cqgeg before ang after major
Whoraee surgery have been Teported in the hteraure, For the most pary
these y epe Made on Pattenss yyen tubercyjogs and g Mavery of Other
Pulnonapy diseases including 4 saf} Proportion lung cancer "rom
this hiscg SYperience tuch s qurte applicabpe 10 most Contingencyey
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Pulmonary insufficiency may be produced when the area of functioning
lung parenchyma 15 drastically reduced by: 1) tumor blocking out a
whole luag (obstruction of main bronchi or vessels); 2) Wwidespread tumor
interfering with gas diffusion across the alveolar surface (alveolar carci-

), and 3) overd ion of an emphy inmg Jung
following pnenmenecromy.

Venalatory impairment and pulmonary msufficiency are frequently
concomutant. The functional implications of these have been discussed
in the preceding part of this chapter. Dyspnea is the most conspicuous
climeal manifestation of pulmonary dysfunction in lung cancer as 1t 15 1n
pulmonary diseases in general. The question naturally arises as to how
much rehance can be placed on dyspnea as an index of pulmonary dys-
function. The causes and features of dyspnea m cancer of the lung
therefore merit special discussion.

Dysenea as ax INpEY oF Pursiovary Disruncrion v Cancrr
or tHe Lung

The nterpretation of dyspnea may vary with the stage of the neo-
plastic process Occasionally a patient with linuted pulmonary mvolye-
ment may complain of dyspnea ~ Often such shortness of breath 1s expe-
rienced only intermurtently and may be a subjective sensation not con-
firmed by objective observation  As the evident pulmonary changes do
not account adequately for such dyspnes, we must assume that ’r:ﬂcx
disturbances of breathmg are responsible. Transient recarrent episodes
of dyspnea may result from secrettons eliciting bronchospastic reactions
m already irntated bronchi  Dyspnea early m the dn.e.\se 1 10 doubt
an expression of some disturbance 1n lung function but it cerrainly 1s not
an index of pulmonary msufficiency. Partcularly from the standpomt
of treatment, 1t must not be mterpreted 2s a contramdication to resectien
which mught he expected to reheve this type of dyspnea. Hence 1t 15
important to understand that 1n cancer of the lung there are many
mstances 1 which a history of ermirtent dyspnea does not contrz-
mdicate resection,

Dyspnea in advanced lung cancer s
dysfunction produced by the disease.
that dyspnea is a relible mdex of pulmonary dysfunction [l
patients, even with extensive pulmonary hcoplnsl:“s. nppeni “:i sl :ion -
uvely brtle from dyspnea. Slow growth permits gradual a apm o
the dimnished function. Aloreover, the great reserve capaciy :l\m
lungs enables most patients to tolerate nuarked Josses 10 f\;nct;zx:xf\;zmctﬁsl
parenchyma. Another important factor 15 the grext m~d-“,lt vuzf :;1 v
1 “dyspnea threshold.” Indiwidual differences in sensitivity

readily evplam:d by the pulmonary
Such correlation mught suggest
Yer many



FUNCIIONAL ASPECTS OF PULMONARY DISFASE 295

LFFECT OF PNEUMONECTOMY UPON THE FUNCTION
OF THE REMAINING LUNG

Since pneumonectomy s required m most cases of primary cancer of
the lung, the effect of removal of vne lung 15 a question of considerable
smportance 1n these patients Although many studies of pulmonary func-
non after puenmonectomy have been done, final evaluations must await
more complete studies carned out over sever2l decades. Qur present
mformation strongly suggests that one of the most portant factors in
determining the pulmonary function years after lung resection 15 the
status of the uninvolved lung at the tune of paeumonectomy (Fig 121A
and B)  Although the med:astinal displacement that occurs 1o the weeks
and months after pneumonectomy 15 recognized to have a detrimental
effect on pulmonary function 1n some indivrduals, the degree of medi-
astnal shift 15 not the prnime factor affecting the resprratory function
Comparable degrees of medustinal deviation have varving effects i dif-
ferent patients depending particularly on the pormalcy of the rernammg
lung.  The hyperinflation of the I lung nf(cr
may cause no certain emphysema of that lung if tt was free of emphy sema
prior to operation  In contrast, the ovennflatton of an already emphs -
sematous lung can lead to respirarory msufficicncy.  Thus the most rmpor-
rant single factor n determining the influence of preumonectomy on
respiratory function 1s the functional mregnty of the remaning pulmo-
nary msue  The physiologic as well as the anatomic ad)us(mcnt after
pneumonectomy 1s better after lefr-sided pneumonectomy than when the
nght tung 15 removed  The night lung of humans consticutes about $4
per cent of the total pulmonary tissue whereas the left lung comprises
46 per cent  Although this difference scems small, it may snll be sig-
nificant, especnally af pulmonary fibrosis with associated reduction in the
pulmonary vascular bed 15 already present  What effect the displace-
ment or rotation of the cardiovascular structures of the mediastioum
after pneumonectomy may have on cardiorespiratory function awaits
further elucidation

Although many patients who have undergone pneumonectomy for
cancer and other condrtions have had respiratory functional studies, m
only a relatively small number are accurate dat1 concerning the pre-
operative status of the remaming lung svailable  \Withour such data as
a base hine, 1t 15 difficult to segregate the effect of medisstinal displacement
Per <e on 4 noral lung as compared with an already emphysemitous one
Moreover, the dcxrm\enml effect of by pernflation ofa luag l\\wl“ require
many years for its obvious deselop Thus




294 FUNCTIONAL ASPECTS OF PULMONARY DISEASE

ansing 1n fung cancer cases, the following data of interest can be gleaned.
The most cause of pul insufficiency is obstructive emphy-
sema  The functional tests of greatest value are, therefore, those which
are parncularly sensitive mdicatory of chis condion  This refers pri-
manly to the estmation of mastmal breathing capacity (MB.C.). This
test peeds to be supy d at times by deter ions of the mera-
pulmonary miung dex with esimation ‘of residual volume, Maunmal
breathing capacity (MBC) 15 generally acknowledged to be the most
useful single functional test It affords an adequate measure of hireathing
efficiency not only 1n its mechanical aspects but also as regards time and
quantiry factors of ventilanon. It has been generally found to show a
high degree of correlanion with gas exchange except in the few conditions
i which meerference with gas diffasion predomunates, such as diffuse
carcinomatosss  The latter can be clearly discerned from clinical and
roentgen features, Experience mdicates that when MR C. is reduced to
fess than half the predicted normal, pulmonary function may be made-
quate for pneumonectomy unless extreme care is given to puimonary
ventilanion during operation  Gaensler found that fesser impairment of
wital capacyty than of maumal breathing capacity was indicative of ‘ob-
structive ventilatory difficulty  Birath found the residual volume fairly
constantly increased in dyspneic patients and the ratio of rcsidnal'm other
lung volumes significant, Gaensler used residual volume and intrapul-
monary mrung index determinations in combination with mavimal breath-
ng capacity to distingwish simple hyperinflation from true emphy sema.
Recently efforts have been made to determine the reserve c.\pay(lty of
the rcnmﬁmg lung by producing “physiologic pneu(nonect?tn):.’ T!n\
refers to the combination of tracheal and carduc catheterization wich
balloon blacking of the mam bronchus, as w elf as the pulmonary artery
of the lung to be resected. 1f the remaning lung can accommaodate the
doubling of blood flow withent any or with only mlmm.al s of pressure
and without the development of hypowia, the prognosis is regarded :\§
favorable. Current experience suggests that doubling of pulmonary

artery pressure under these conditions may be a warning of posmpcm'me
I I le. The test of combined

P v failure with sut cor P, 3 f
cardiac catheterization with bronchospirometry fs sull a formidsble pro-
cedure not likely to be practiced soon ona wide scale. Brovchospu;ﬂ;ct{){
itself 15 a special test made wse of faly frequently. ‘lt is mmthel pn:i
when informarion 1s sought about the separate functions of c.:; "ud‘;‘c
The O uptake 15 often a valuable guide in the prognosis regarding

remaining luny
s
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Surgical Treatment
Herserr C. Marer

INTRODUCTION AND HISTORICAL RACKGROUND

The fundamental concept underlymg surgical treatment of cancer of
the lung 15 the excrsion of all neoplastic tissue, It follows therefore that
the clineal efficacy of such therapy depends largely on the time at which
the operanion 15 performed 1a relation ta the brologic hfe history of the
neoplasin. Although che evtent of the surgical procedure may nfluence
the clineal resulr, 1t should be apprecuated that the malignant potentialt-
tes of the cancer play the predominant rale.

Historically che earliest efforts at surgical therapy i cancer of the hing
conssted of attempred destructton of the turior i the fung by cauteriza-
tron through a thoracotomy wound. Then as the technrques of lobectomy
were gradually developed, resection of a lobe of the lung v uh geoplism
was attempted with mcreasing frequency. It 15 sud that prior to 1933
there were only six recorded cases of successful lobectomy for carcinoma
of the lung with sutvival for a year following operation. Ifforts to
destroy centrally locared bronchogente carcinoma by eauterizadon or
precemeal removal through the bronchoscope were also made “These
endoscopic treatments were successful only 1n a palbath & way unless the
neoplasm was one of the rarer tumors of Jow-grade malignancy such as
the bronchil adenoma. In 1933 Graham teported the first successful
prcumonectomy for lung cancer (12). Since then there has been g raprd
development m the applicanun of surgical therapy to ncoplasms of !h':
lung and a great reducrion w the operatne risk. Advances 1w :mlcs:hcsx-
ologv, blood repl b and improved surgical 7
and physiologic management have contnbuted mightilv to the reduction
n surgical morbsdity and mortaliey 1n the past o decades. Todvay the
chief abstacle to successful surgrcal therapy 15 ¢he unfavarable biologie
charactenstics of many pulmonary neoplasms, '

The most fundamental weakness it our presct-day estfmare of the
potential efficacy of surgical trearment fn cancer s due to our lack odf
mformation concerning the degree of relanonship bepween the e an
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uon that the pl had been ly i d ( : called
“operations for cure”).

Stnce many a case of cancer of the lung is in an advanced stage when
the surgical treatment 15 undertaken, the possible advantages of extending
the surgical attack have rightly engaged the attention of many surgeons
As an offshoot of tius trend there has been an increasing tendency to Jabel
operatons which are admittedly incomplere from the scandposnt of total
excision of neoplastic tissue as “palliative™ operations. Thrs is a subject
of constderable debate and will be discussed 1 a separate section later in
this chapter. At this point consideration will be given ta the efficacy of
surgical intervention i the hope of curing cancer of the lung

Thoughts and analyses concerning surgical treatment become ureerly
confused unless the present-day knowledge of the Iife history of the
neoplasm 15 employed as a bachground in evaluating the surgical resulss,
Although it 15 appreesated that certam less common tumors of the bronchi
and lung that arc classtfied among the cancers of the lung have a far better
prognoses, treated or untreated, than the vast majority of brenchogeme
cancers, the fallzcy of considering all squamous and adenocarcinomas 25
a single disease 15 obvious from a careful analysis of clinical experience.
Although chere are admnttedly resl pufalls 1n extensive subclassification
of cancers of the fung, vet we must hope that in the future a berter
understanding of therr hfe history will place surgical trearment for 1
particular patient on a less arbitrary basis, It is most important that the
pathologic data be closely correfated with the clinical behavior and
response to surgery so that the over-all picture may be clartfied, The
considerations concerning surgical trearment m the common fm’ms of
epdermord and adenocarcmorma which constitute the sast magarity of the
bronchogenic cancers encountered will first be discussed.  Later the modi-
fication 1n surgical approach dictated by specual less commeon forms of
cancer of the ling will be considered

A discussion of the surgeal treatment of cancers of the lung youﬁd
be ncomplete 1f the important role of exploratory thosacoromy in the
management of undiagnosed circumscrbed sobtary pqu.on:‘:ry Jesions was
not emphaszed.  Since the proper therapy for the majority of 1solated
pulmonary masses 1s surgrcal exciston, the thoracotomy is .performcd with
the 1dea of excising the lesion irrespective of jts pathologic narure except
in rare wstances. The extent of the pulmonary resection w ould be deter-
mmed by the pathologic findings at operation. It is best ro exphin 0
the patle}lr thar the reason operation is re.comfncndcd 15 bccAausc_n roent-
genologically detected sohtary lesion which is not a transient mﬂf.tmtt-
had best be removed almast regardless of 1ts nature, and that prcoper:’!!l\‘ﬂ)
one often cannor defimitely ascertain whether it is benign or mahg‘n{nr.
Since many persons who have 2 small asymptomatic pulmonary lesiont
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uon that the neoplasm had been surgically eradicated (sometunes called
“operations for cure”),

Stnce many a case of cancer of the lung 15 in an advanced stige when
the surgical treatment 1s undertaken, the paossible advantages of extending
the surgical attack have righdy engaged the attention of many surgeons.
As an offshoot of ths trend there has been an ncreasing tendency to label
operations which are admittedly incomplete from the standpoint of total
exarsion of neoplastic tissue as “paihiative” operations  This is 2 subject
of considerable debate and will be discussed in a separate section later
this chapter A this paint consideration will be given to the efficacy of
surgical mtervenyion in the hape of curing cancer of the lung

Thoughts and analyses concerning surgical treatment become utterly
confused unless the present-day knowledge of the hfe history of the
neaplasm 15 emploved as a background in evaluating the surgical results
Although it 15 appreciated thar cereain less common tmmors of the bronchi
and fung that are classified among the cancers of the lung have a far betrer
prognasis, treated or untreated, than the vast majonty of bronchogenic
cancers, the fallacy of considering all squamous and adenocarcinomas 1
a single disease 15 obvious from a careful analysis of chnical expenence.
Although there are admuetedly real pitfalls 1n extensive subclassificauon
of cancers of the lung, vet we must hope that in the future a better
understanding of their hfe history will place surgical treatment for a
particular pattent on a less arbitrary bass. It is most important fh:lt the
pathologic data be closely correlated with the clinical behavior and
response o surgery so that the over-all picture may be clarified.  The
considerations concerning surgneal treatment in the common 'forms of
emdermoaid and ad 1 which itute the vast majority of the
bronek cancers enc d will first be di d  Later the modi-
fication 1 surgical approgch dictated by special less common forms of
cancer of the lung will be considered

A discussion of the surgical treatment of cancers of the lung f\'cu!d
be mcomplete 1f the important role of esploratoty thoracotomy in the
management of undiagnosed circumscribed solitary pulmenary Jesions was
not cmphasized  Since the proper therapy for the majosity of isolated
pulmonary masses ts surgical excision, the thoracotomy is P:rform:d with
the 1dea of excing the fesion irrespective of its pathologic nature except
in rare instances. The extent of the pulmonary resection would be deter-
mined by the pachologrc findings at operation ¢ s ‘b:sr to explain to
the patient that the reason operation 15 recommended is because 3 ﬁ{lotnte-
genologicalfy detected solitary fesion \w:hlch 15 not 1 eranstent inl 'rfmv
fiad best be removed almost regardiess of its nature, and that prcopcr:!l"ﬂ)
one often cannot definitely ascertam whether ic is bengn or mafignant,
Smee many persons w ho have a small asymptomatic pulmonary lesion
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caval abstruction due to mediastinal extension of 1 bronchogente carci-
noma, the cervical lymph nodes may be enfarged withowr bieing firo,
Such enfargement may be due to the tymphatic obstruction from the
mediastinal disease rather than due to mectastases in the cervical Iy mph
nodes, Therefore soft enfarged cervical lymph nodes in the presence of
venous and lymphatic ebstruction do not necessartly mdicate cervical
neoplastic mvolvement. “This pomt is of some praceical imporcance be-
canse o cervieal lymph node bopsy in the presence of marked Iymph
edema and congestion of the neck is a rather unsatsfactory procedure
unless 3 truly firm fymph node 1 the goal of the eploration” Metauaws
ta avllary lymph nodes from a bronchogenic carcinoma are rare com-
pared to the inodence of mediastingl and cervical invoh ement.  Since
enlarged soft lymph nodes are a frequent finding in the awtize of males,
particularly i those who have done manwal Jabor, biopsy of an aullay
tymph node s wsually not rewarding unless the Jymph node is of defi-
nrcely firm consisteney

The liver should be carefully examned for evidence of enlargement
or nodsfanty.  Bronchogeme frequendy izes 1o the
fner and 1 some instances these are so eveensive and rapid
m ther grosth as to lead to mossive hepatic entargement. Tt is often
difficult to pafpate definie nodules wichint the liver when hepstic mers
tases from the fung are present, but the size of the huer itselfy and par-
ucularly a rapd Lhange m size, may give a clue tn the dignoss.

Sinee bronchogeme carcmoma frequently metaseasizes @ the central
nervaus system, partcularly the bram, st 15 important to inguire about
the presence of headache  Nausea, vonutmg, smt drgu stress may abo be
mamifestations of bran metastases A lustory of recent onset of 3 head-
ache that has been rather perustent during the past few weeks or v\unt\xﬁ
and that had not been present previously s usualhy: most SlgmﬁCﬂ“f
FEven though the roentgenograms of the shull and 2 most careful neur(:l-
togieal exanumanon are negatne, the history of recent onset ofa Juc;hzﬁ !
and persistent headache 1 a patient with branchngense carcsnoma usuatly
indicates cerebral metastases  When such a headache 15 present, mem-
bers of the pauent’s famuly should be questioned concermng any’ m“}’:t
personahry or behavior changes since these mav be present the 4 g
sence of abnormat newrologieal findings  An electmcnccphn(ogn]lm r;':‘:
be helpful 1f the panent has had similar headaches prior to the st
months, no relanonship need est

When a pauent with knawa or suspected cancer of the fung ¢ i
fustory of [ocalized recurrent pan of recent onset, mcmm;C; mm;m
region muse be strongly suspected Roentgenograms sl‘:ouhw;::s .
to demanstrate posshle asscous involvement because bony metas Accix:td

not unusual with bronchogenic carcmonta. 1t should be apps

gives a
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caval otieruction due to mediastinat exeension of 1 bronchogenic carcr-
roms, the cervical lymph nodes may be cnlarged without being firm
Such enlargement may be due to the lymphauc obstrucuon from the
mediastinal disease rather than due to metastases in the cervical ymph
nodes. “Cherefore soft enlarged cervical Iymph nodes in the presence of
venous and lymphatic obstruction do not necessarify indicate cervical
neophastic mvolvement.  This pomt 15 of some pracucal wmportance be-
cause a cervical Iymph node biopsy in the presence of marked lymph
edema and congestion of the neck s a rather unsatisfactory procedure
unless & eruly firm lymph node 15 the goal of the exploration  Merastases
to avillary lymph nodes from a bronchogenic carcinoma are rare com-
pared to the incidence of mediastinal and cervical mvolvement, Smce
enlarged soft Iymph nades are 2 frequent finding in the aullae of males,
particularly in those Who have done manual Jabor, buopsy of an avilary
lymph node is ussally not rewarding unless the lymph node is of defi-
nitely firm consistency.

The Iner should be carefully evanuned for evidence of enlargement
or nodvlanry.  Brunchogenic carcmpma frequently metastasizes to the
lver and in some instances these metastases are so extensive and rapid
mn therr growth as to lead to masne hepatic enlargement, It is often
difficult to palpate definite nodules withm the iver when hepatic metas-
tases from the lung are present, but the size of the liver itself, and par-
newlarly 2 rapid change in size, may give a clue to the diagnosss.

Smee bronchogenic carcmema frequentdy metastasizes to the central
nervous system, parncularly the bran, st 1s imporeant w nquire about
the presence of headache  Nausea, vomiting, and drousiness may also be

1ons of bram metastases. A history of recent onset of a fiead-
ache that has been rather perstent dunng the past few weeks or months
and that had not been present previously is wsually most significant.
Fven though the roentgenograms of the skull and a most careful mx"lm.;
logical exarmnation are negatve, the history of recent unsct‘nf a local vzlc; !
and persistent headache 1n a patient wth bronchogenic c'arcmnma usually
ndicates cerebral metastases.  YWhen such a headache is present, mefm-
bers of the patient’s famaly should be questioned concerning any ;:tﬂ;—f
personalty or behwor changes since these may be present i the 2 -
sence of abnormal nevrological findmgs  An elcc(roencuphﬁlngl’?m r;m‘:
be helpful  If the panent hay had sumlar headaches prior 10 the fise fe
months, no relanonship need ewst.

When a panent with known or sus?ccttd :: nest
history of localized recurrent pan of rccen 3
regmr; ouit be strongly suspefmed Roentgenogranm sf:ouldﬂ:;;::’;:‘c‘
to demonstrate possible osscous involyement becaust bony mex e el
not unusual wath bronchogemc carcinoma, It should be app:
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are shown to be metastatic foer. Conclusive radhologie evidence of dis-
tant bone merastases bkew 1se contramdicares thoracotomy. Also the find-
mg of a bram tumor of recent onset interdicts a thoracotomy except in
SPCCI:!I ntyp)cnl circumstances. .

When the total chmeal picture strongly eree-— v
00 positive prehet~— N
consideration peunts
dure consists « pau 01 1at which overhes the lower

portion of the antertor sealene musele in the region of the clavicle. Thy
farty ussue with s contained Jymph nodes can be removed under local
anesthesia as a mmor surgical procedure (21). 1t is usual ta perform the
bropsy on the same side as the pulmonary leson  The more anaphisuc
and more malignant the lung cancer, the greater the possibthty that these
Iymph nodes will show microscopic evidence of metastases Al of the
excised “scalene biopsy™ should be sectioned for pathologic exammation
smee the neoplastic cells may be found outstde the lymph nodes in some
cases, The procedure 15 most hikely to be helpful when there 1s a sus-
proon of paratracheal lymph node involvement on the roentgenogram

When the chintcal findings suggest that the lesion may be moperable
bur the dsagnosis of cancer of the Jung has not been definitely established,
a more hiberal viewpoint towards exploratory theracoromy should be
held The puimonary lesion might not be the anticipated cancer and
the suspected metastases might be due to an unrelated condmion  Hence
each case must be judged on an mdwidual basis

DFrERVINATION OF THF PRFSENCE OF INTRATHORACIC METASTASFS

The patient should be quesnoned concermng hoarseness of recent on-
set Paralysss of the left recorrent laryngeal nerve by a bronchogentc
carcmoma n the hlar pornon of the left upper lobe is not mare and
usually, but not always, mdicates an noperable leston. Qccasionally the
paralysis 15 cawsed by metastatic involvement of the mediastioum w hen
the bronchogensc tumor 1s located elsewhere. It 15 important ta dis-
tngwsh an incidental finding of voral cord paralysis a bronchascopy l:;
a patient who gives no history of recent change in voice fram vocal c%r
paralysss, combined with 3 fustory of recent onset of hoarseness he
former may be due to unselated long-standing disease of the recurrent
lacyngeal nerve and therefore not due to cancer, .

Qn fluoroscope exanunation it should be noted M hether there 15' any
paralysis of the draphrag Since daph tic paralysis may oc-
cur from a variety of causes it should not be concluded that hemudia-
phragmatic paml.\"sxs necessanily ndicates malignant nvasion off ::1\:
phrenic nerve. This 15 particularly true 1f the dragnosis of cancer ©

lung has not been proven histologically or when the paralyzed phrenic
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Fig 123 Esophageat duplacement praduced by the pulmonary leson was assumed
preoperatively probobly fo Indicate mediashnal extension from a bronchogenic cor
cinoma At operation however the enfire process was found fo be due 1o actinomyco-
s1x which responded to This case the need for
thoracotomy when the diagnoss of cancer 15 unconfirmed

pl Y

neoplastic celly  When cancer cells have been defiueely demonstrated
m the fluid, an exploratory thoracotomy s usually not warranted

Rathologie evidence of definite fular lvmphadenopathy separate from
the primary pulmoniry lesion usuaily means that the patent will suc-
cumb to Iy cancer even though the surgeon nnghe be able to remove
the gross tumor tissue  Balateral mediastinal v mphadenopathy vath a
known cancer of the luing would not be benefited ty evplorttory
thortcoromny unless there was a reason for suspecting that two separate
dnene entiies were present Often the roentgen findings of ular and
medistmal lmphadenapathy ate only suggestine, and therefore should
be regarded as unproven,
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/

¢

Fig 122 The nodule in the right upper Jung field 1s o second primory bronchogenic
carcinoma which developed two and one-half years aiter left pneumanectomy for
bronchagenic carcinoma  This second primary cancer in the opposite lung was success

fully resected by segmental resection

cannot be completely removed by surgical means, 1t 1s important always
to bear n mund that 1f a diagnosis of bronchogenic carcmoma has not
been confirmed by pathologic examination, a similar esophageal displace-
ment might be caused by a bemgn tumor or other lesions (Fig. 123).
Radiograptuc and chinical evidence of plenral effusion also must be
mterpreted 1n the light of other findings. f the presence of cancer has
been proven in the undeslying lung, an apsolateral plenral effouon usu-
ally wdicates a lesion beyond the stage of surgical curability. Pleural
effusions due to mfection distal to a bronchogente careinoma rather than
due to pleural or [ymphatic mvolvement by tumor are oceasionally
encountered. Bloody pleural effusion 1n the presence of proven broncho-
genic caranoma rarely 15 curable  Pleural fluid should be examined for
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Fig 123 Esophageol displacement praduced by the pulmonary lesion was assumed
preoperatively probably to indicote mediastinal extensian from a bronchogenic car-
anoma At operation however the entire process was found to be due 1o actinomyco-

Thi case emphasizes the need for exploratory

s1s which responded to
thoracotomy when the diagnosis of cancer 1 unconfirmed

neoplastic celh  When cancer cells have been defimtely demonstrated
m the flud, an exploratory thoracotomy 1 usually not warranted

Ruadwlogie eswdence of definite hilar tymphadenopichy separate from
the primary pulmenary leston usally means that the patient will suc-
cumb to his cancer even though the surgeon might be able to remove
the grow tumor tsue  Bilateral medistinal Iy mphadenopathy with a
known cancer of the lung would not be benefited by evploratory
tharacotomy unless there was a rewon for suspeeting that t4 o separate
discase entities were present.  Often the roentgen findings of hilar and
medistinil Iy mphadenopathy are only suggestive, and therefore should
be regarded as unproven



308 SURGICAL TREA1MLNT

Bronchoscopic exammation by an eperienced endoscopist may e
censiderable suggestns e mformation concerning the presence of medasti-
nal metastases 1 the carma at the bifurcation of the traches is marhediy
widened and the lower trachea and main bronch are inflevible, extensne
mediastnal metastases are almost certam to be found. Defimte bronchial
fixatton wsially means an noperable lesion due to medstinal metastases,
but care should be tahen ot to confuse fixation of the lefe mam bronchus
duc to tumor wich relanve mflevibility of the bronchus 1n that regton due
to an adjacent ngid artenosclerotic aorta, The chapter on bronchoscopic
examnation contuns a deratled discussion of endascopic interpretation,

In evaluanng the possible sipmficance of intrathorscic findings it »
agan mmportant to consider the chmical preture as 2 whole and not to
decide that the lesion 1s certamnly inoperable just because ene of the find-
1ngs that often or usually suggests noperatnlity is present. In borderine
cases, and ially 1f there 15 2 icion of upper mediastinal imvolse-
ment, a scalene node biopsy or exaision of somc upper tneciastinal con-
rectine and lymphatie ussue through a cervical incision may be recom-
mended  If such tissue shows cancer, thoracotomy cannot be expecred
to demonstrate a truly operable Jeston

Angiocardiography has been employed in an attempe to asess more
accurately the operabiliey of 3 pulmionary cancer prior to'surg;cnl.tlvm-
cotomy By correlaung the angrographic with the surgical findings it
appeared that the lesions were atmost atways innpe(nlv]c when occlusien
of a major branch of the pulmonary artery at the hilum of the lung vas
demonstrated  Some worhers beheve such exammatons are of consider-
able chcal value (22).

PREOPERATIVE EVALUATION OF THE PATIENT

If 1t s decided that surgical removal of the cancer of the luf!g lslﬂ
possibiliy, the pavent’s genera) condition must then be assessed m\:; :;
tion to operatne rsk  Judgment m this matter s‘hnuld be some -
flenible 1n that the possibilicy of the patient’s deriving benefit fmx{;\ the
surgical mtemventan must be considered m relation to the haz'ar sc »
valved For example, m an ¢lderly patient with poor pu]mom;‘_\ rc; o
who has apparently adsanced cancer and hrtle chance of complete S -
cal excision, 1t may be best to decide against cxploratory thoracacar &;
In contrast, a ehoracotomy might be warraated in g :voungfr pan;nx \':‘1:’ p
an apparently stmilar leston but good general condution bccnu;c :o:bjdm'
chance of gun would not be offser by 2 comparable potentia! nn e
or morrality Observance of infleuble roles wiuch do not al t3 -
ndwidual jedgment should not be applted to cancer surgery any e
than to other fields.
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Fig 124 Roentgenogram of 63-year-old man with @ bronchogenic carcinoma in the
noht mudlung field  The location of the neoplasm permitted edher a lobectomy or
The operative findings indicated considerable pulmonary hyper-

pnevmonectomy
d the procedure of choice

tension with h therefore lob: y was
The degree of early postoperative dysprea strongly suggested that a pneumoneactomy
might have resulted in o fatolity Patents with pulmonary fibrosis and emphysema
assocrated with extensive hilar colcrfi may have I d pul-
monary disability

ticularly n the older age group or when there is a hutory suggesting
previous cardiac dsability, The presence of persistent heart failure will
usually be a contramdication to operation unless a response to medical
therapy 1s obtained The posstbality that a demonstrated carduac 2bnor-
mality may be due to neoplastic mvaston of the pericardiunt and heat
must also be borne n mind. Electrocardiographic abnormalities nust be
interpreted i relation to the clincal listory and other findimgs A con-
siderable percentage of patients with cancer of the Jung w ho have abnor-
mal electrocardiograms may be safely operated upon A lustoty of
electrocardiographic evidence of old coronary occlusion or auricular
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fibrllation is 1n 1tself no contramdication to exploratory thoracotomy
but in such patients great care m the operstive and postoperanne man-
agement s nccessary,  But similar precaunions should be evercised m
all cases since unrecognized cardiae defects may be present in any patient.

PREQPERATIVE PREPARATION

Most pittenes with cancer of the lung require liele preparation
for the operation other than the examinations to determne the mdica-
uons for and feassnlity of exploratory thoracotomy  The patent with
a small peripheral pulmonary tumor without sigmficant secondary pneu-
momtis docs not require chemotherapy prior to the day of operation  In
most patients with bronchogenic earcinoma, however, the neoplasm is
located n a2 more provimat bronchus and there 1s usually sccondary pneu-
momtis duseal to the tumor even though the patient may have no signs or
svmptoms of this mfection It 1s therefore wise to administer a broad
spectrum antbiotic routmely 1 those cases for at least a few days prior
to operaton - No time need be lost ay a result of this preoperatne prepa-
ravon 1f the admuantration of the antibrotic 1 begun at the same time 35
the dugnostic procedures are started  Morcover, this carly use of the
antibiotic may atd n the differentianon of a neoplasm from an enurely
wmflammatory pulmoniny leston  When an undiagnosed nodule which
nught be cither a neoplasm or a focalized tuberculous lesion 15 1o be
explored, streptonnyon or somazid should be gnen a few days before
operation  In a rrc instance the patient wath bronchogenic carcmomy,
or more commonls one of the slower-growing tumors such as the bron-
chial adenom, may hue such extensine sccondary suppuration with
pulmonary abscess formation and excessive bronchral secretion, that even
a few weeks of preparaton with anabioties s indicated

Since ment patients wath an operatde bronchogenic carcinoma do not
have marked anenua, wesght loss or marhed detenioration of therr gen-
eral candimon, preoperatne transfusion aad other measures o whprove
the patient’s general condition arc usually not necded unless other dis-
enves or deficiency states are present

ANESTHISIA

1he miportance of expert anesthestology in the operath e manigenient
of cancer of the hung i often not fully appreciated  The surgean who
h1s an cxpert anesthetist on his team can obtain resules that are not other-
wine powible  The nigid ohservance of certam hasic principles by anes-
thetnt and surgeon » more mportant than the cvact 1y pe of anesthene
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agents employed  Adequate control of the airway at all nmes 5 man-
datory  Sufficient ovygen should be given in order that there be 2 nor-
mal saturation of the artertal blood. There must be sufficient pulmonary
ventilaion m order to pertmt removal of carbon diovde so as to avad
resprratory acadoss. At the time of this writing we have not yet
routinely atrmned this goal, but mechamical venulation with a positne
and negative phase scems most satisfactory, The use of drugs which
depress respiration should be avoided or reduced to 2 mmimum. Ether
has the advantage of stmulatng respiration in spite of bemng a depressint
to the central nervous system, but other agents are employed by many
anesthetists  Tracheobronchial secretions must be aspirated as soon as
therr presence s5 detected or even suspected Both surgeon and anes-
thetist must be aware of the hazard of clotred blood in the tracheobron-
chial tree,

Intratracheal anesthesia 15 recommended as a routine i pulmonary re-
section. The chef criticssms that have been directed agamst the use of
meratracheal tubes during operation stem from the inexpert use of such
tubes, and their advantages seem ta oveweigh by far the theorencal ob-
jections vorced by some  This does not condone the mevpert traunianc
mtroduction of an intratracheal tube. Care must be taken that the -
tracheal tube ts not introduced so far that 1t exiends down into the right
mam branchus and abstructs the gas exchange with the left lung. Specnl
techmques of mntrabronchial blochmng have been employed by some, but
are not a necessity except m certain unusual situations, such as in opers”
tions performed during actuive hemorrhage (which s rarely mn?m(ed) ::
when the operative procedure involves a resection of a portion of t
trachea » £

The operattve procedure should not be started wntit all esidence t;‘
satisfactory pulmonary ventlation is at hand.  Much morbidity and mo .
tality can be avoided sf the operation is postponed for a week xf seTiou
ventifatory or circulatory disturbance occurred during anesthesia.

SURGICAL PROCEDURE
¢ thora-

Surgieal therapy in cancer of the Jung consists (.)f an e‘(plomor'\,h o
cotomy which determunes the feasibility of resection of the gm\wtd, \c i
a pneumonectomy or lobectomy planned as the defimnye ptovclej “;one
the lesion 1s operable Although the operanve procedure may be o
with the patient in etcher the supe, lateral recumbent, or prone gnct
tion, most surgeons todav prefer the lateral recumbent Po}i“::xhom‘(
this gives the greatest freedom of access to all portions of the :15 gl
An anterior approach with the P:lti:l.'lt m che supine ?(:;mo:bancc i
better from the physiologte standpoine of respiratory diseu
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ing operation but this may be more than offset by a less sausfactory
exposure of difficult areas of dissection that may be encountered. If
there 15 considerable deviation of ¢he mediastinum to the left side, a left
antentor appronch 1s decidedly unsatsfactory because the displaced heart
limuts easy access to the lower portion of the pulmonary hilum. The

Fig 125 Photograph of patient showing scar of conventional posterolateral incision
for pulmonary resection

prone position does not hne the rechnical disadvantages of the supine
posttion but ats satisfactary employment necessitates a specul operame
table i order to Jessen the resprratory difficuly which would result
from the prnent’s ying directhy with bis chest on the table  The author
prefers the leral recumbent postion because it penmits the greatest
safery in dealing wich any surgical difficulties that may arise, the shightly
less satnfactory sentilition 0 thi posiion may be adequatels managed
by an expenienced anesthetne. The prone poasmion en a speeial operating
table has mimy fimn adherents. During hemoptysis, such a posiion 1
desirable

In bath the lateral and prone poutions a pesterolateral mcision 15 em-
ploved which encircles the up of the scapula (Fig 125).  This meiston
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15 made of sufficient fength to permit adeguate mobilization of the Jower
portion of the scapula, and access to the desired rib or insercostal space
In operations for cancer of the fung where pneumonectemy s the most
hikely operative procedure, the fifth or six rib is usually resecred for the
widest passible opening n the midthoracic region.  An intercostal e
sion is not desirable when a pneumanectomy 15 performed because it s
mare difficult to obtan an artghe closure with an intercostal incision
The mmportance of a relatively arnght closure of the chest wall is can-
sidered further s the section on postoperative management. The open-
ing into the pleural space should be Jong so that when the nbs are spread
apart with the rib-spreader, there 1 litele likefthood of producing addi-
vionial b fracture  The surgeon may elect to divide an additiona) nb
close to its vertebral end  The author describes the present-day practice
of opensng the thorax with the realization that it is not completely satis-
factory because of the hugh incdence of rather prolonged postoperste
chest wall discomfore that ¢ entarls. This 15 especially true in the eldexly
patient with a ngnd emphysemarous chest.

After the pleural caviey has been adequately apened, exploration deter-
cermines the extent of the neoplastic pracess and the feastbufity of resec-
tion  The most comman pathalogic finding which rendess a cancer of
the lung moperable 15 direct extension of the neoplasm into the hilum of
the fung so that the tissues around the pulmonary vessels are iqﬁlrrared
When carcinoma surrounds the pulmonary artery in the mediastinum,
the hazard of the surgical dissecrion 1s considerably increased and, even of
a successful hgation of the artery 1s accomplihed, fater death from cancer
15 the wsua) result  Therefore mast sucgeons regard such cases as -
operable. {t should be emphasized, howeser, that the presence o.f dis-
crete metastases in {ymph nodes overlving the artery may not serjousty
iterfere with dissection of the vessel and thus peraut the lung to be
removed. When the prmary neoplasm or fymphane extension from it
encroach upon the pulmonary sems, mtrapencardul Dgaton of these
vems ar the atrum may permut adequate control of the vessels { 13[)
Some surgeons adyorate routme mtrapenicardial dxss.ccuon of the vessels,
but mest employ this technique only i cases in which the exte t
neoplasm dictates such procedure because of the increase i postoprTIint
morbidity due to carchac arrhythmus. Resection of a portion of the
pericnrd;’nm m contimuty with the bronchus and fung does permit the

hs dissection m a ussue plane shghtly more distant
is performed

improved

nt of the

surg:on o Cﬂl‘r‘v !
from the growth than when a simple pneumonectomy
Whether such 2 more radscal rechnigue will lead to sufficiently
results to jusufy ws routine use, remaws Yo be seen . .

When carcinomatous infiltrauon of the pulmonary hilum does nof
mterfere with sausfactory isolation of the pulmonary vessels, but meta-
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static foct scem to be present i the medustimal lymph nodes or else~
where, palliauve resectton mav be considered  Before the lesion 1s
deemed inoperable the surgeon must be certam that the lesions which
are cansidered to be metastases are really cancer. Tmmedute pathologic
examinttion by frozen section mav be helpful,

If the lesion 15 considered operable, dectsion as to the extent of the
operation must then be made. There 5 a yustfied ditference of opinion
betw een various surgeons s to the performance of routine radical opera-
nons for cancer of the lung, because 1t has thus far not been demon-
strated that a very radical operzuon entaling a considerable increase 1
mortndity and mortality will lead to over-all improsement i total results
In most pruents with cancer of the lung, a pneumoncctomy s required
if the leston 15 operable  The extent of mediastinal lymiph node dissection
that is performed with the preumancetnmy 1aries widely ()

In the surgical treatment of a cancer the importance of excision of the
draiming lymphatic channels mnto which the malignant cells mav hae
spread has long been an accepted dictum  This same principle has been
applied m varying degree to lung cancer  To what extent a dissection
of the medintima) lymphanes 15 feasble remans to be seen Ample
chinical and experimental evidence 1s avarlable to indicate considerable
croseng of the hvmphatie drainage from one stde of the medisunum ro
the other  Thus the theoretical Tnutattons of a unilateral dissection of the
lymph nades are apparent even though the centrally placed subearinal
group ss exased  However, the final deternunanion of the efficacy of
rvanous surgical procedures must rest on chnical results  Here agun, the
evaluation must be mdinidualized on the basis of the type of cancer
present.  When final pathologie examininion of a surgical specimen re-
veals mvalvement of the hlar iy mph nodes but ne evidence of extenston
 the nodes i the mediastinum, some five-ycar arrests of pulmonary
cancer may still be obtamed W hen the mediastmai b mph nodes are ako
v olved, a three-y ear surinal s rare even of a radical medastinal dissec-
tion has been performed  Thus the dita available ac present does not
suggest thar much merease m sahvage can be anticipated by radical pro-
cedures m advanced cases

Safets i pulmonary resection hinges on the careful disecunn of the
large hihir vessels  Adequate lengeh for higanon must be obraned so
that the large vessel s not dntded close to a hgatare which could then roll
off  Tor mrumum safeey n the operatne procedure the rechmque

should be varied with the pithotogie findings, with the general plan of
hgtng the pulmonary blood vessels fise, and transecting and elnsing
the bronchus as the lase step. Some hne advocated the earhy hgation
of the pulmoniry vems, m order theorenically to lewen the ¢hance of
blood-borne dissemination of tumor cells dunng mamipulanon of the



316 SURGICAL TRCATMENT

neoplasm mn the lung (2). Sccure closure of the bronchus is one of the
most important requirements in lessening postoperative morbidity and
even mortality,  Although mamsr maskndibore toen vt g - i
optnions are still expressed,

apply- 1) There should be .

supply of the tissues ar the np of the bronchus.  Therefore stripping
the bronchus bare of jts peribronclual nissue tends to increase the posst-
bty of bronchual fistula. 2) The number and type of surures should
mimmize the ischemta of the bronchial stump. Simple sutures inserted
through the cut end of the bronchus and ued just snugly enough to
approtuimate the surfaces scem best to meet these requirements, Exten-
sive mattress sutures may interfere with bronchial healing. Tacking 2
viable pleural flap over the surured end of the bronchus or permitung
adjacent medsastmnal tissues to bury a bronchial stump is desirable. The
smallest size suture matersal on the smallest needle that satisfactorly
closes the bronchus without difficulty is preferable. 3) Although in gen-
eral 1t 15 undesirable to leave a blind bronchual stump protruding from
the trachea, the principle of high ampuration of the bmnchus'shou)d
not be carrsed to the pomt where greater tension s then required to
approvimate the bronchial edges so that devitalization might oceur.

Paeuatovecrosny anp Losrcronty

The extent of the pulmonary resection 1n cancer of the lung is suill
a subject of debate but many surgeons are less ngid in therr pracnce
now s compared to a decade ago. At one gime 1t was an acccptcfi ceach-
mg 1 most chnics that anything less than removal of the entire Jung
which harbored a cancer was an madequate surgical procedure. Further
experience showed, however, that other factors than the amount of lung
tissue removed greatly mfluenced the survival and rehabiliation rate 2 few
years postoperatively In the majonty of cases the carcmoma of the lung
15 so located thar complete removal of the Jung 1s necessary for adequate
excision of the cancer In a significant percentage, hO“e\{Cl‘, the pul-
monary lesion itself can be removed with an adequate margin by lobee-
tomy.” This particularly applies to the small penipheral lesion (Fig 126)
The factors thac should be grven consideranon in deciding betweent
lob y and tomy in this latter group of cases are the fol-
lowing 1) the patient’s cardiopulmonary reserve with sPeml consldehr.\-
tion of emphysema and possible pulmonary hypertension; 2) whet cg
the diagnosts of cancer 1s certain, because a pneunonceromy” performe
for a urulobar benign lesion 1s a major error, 3) the probable type of c:m:
cer present, 4) the margin of apparently normal bronchus or pulmon:}l‘r.\
tssue between the cancer and the line of surgical transection, §) whetl c‘r
the lobes of the lung are anatomically quite separate or ¥ hether a mark-
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edly incomplete terlobar fissure readily permits crossed lymphatic
dramage, 6) the difference m the hne of bronchial transection between
preumonectomy and lobectory of the mvolied lobe (the difference is
less 1n the case of upper lobes), and 7) what the estumated difference of
lobectomy and pneumonectomy will be on morlndity, mortalty, and

Fig 126 Penpheral adenocorcinoma of lung in which resection of the right upper
ond middle lobes was performed

normal Lfe actnties It i obvious that judgmene and the surgeon's
philosophy about the role of surgery in cancer will influence the evalua-
uon It s this author s opinion that lobeetomy 1s the procedure of choice
m many of the cases falling in the special group under discussion
Whenever a portion of the chest wall must be resected en bloc with
resection of 1 muss in the lung. 1t 15 desirable that the pulmonan, resection
be lited to a lobecramy  When a pneumonectomy 1 performed to-
gether with a large pornon of chest wall, a conaderable increase 1n mor-
bidity and mortahey muse be anticipited becanse of the difficulty of mun-




318 SURGICAL TREATMENT

taiming normal intrathoracic dynamics and a stable position of the med
asunum 1n the early postoperatne pertod.

When a hmnchngcmc carcinomz extends to the carina or low er trache
most surgeons regard the lesion as moperable. Some resections of suc
lesions have been reported with operative survival by tracheal recor
struction, but deach from cancer has usuaily followed fater Q)

Durning eperatton carefu) consideration should be giten to che bloo
replacement.  Since blood from a blood bank 1 wfertor to the patient
own blood 1 a number of factors, surgical technique thar Jessens bloo
loss during operation may reduce morbidity. It 1s best to start the trans
fusion at the beginning of the operation and to replace the blood as 1
15 lost in equivalent quanuty Only a very small 2mount of saline solutton
such as 15 required to starr the mfusion at the beginning of the anesthes:
before the blood 1s begun, should be given, 1f dextrose solution or saline
soluion except in qummal amounts 1s given durng aperation in addstior
to the blood, thete 15 a considerable possibility that an undesirable amount
of mtravenous flurd will be admnstered.  Although the blood replace:
ment should be adequate 1t 1s safer to err on the stde of having the patient
shghtly underhvdrated on the day of operation  This apphes particularly
to the elderly patient with emphysema and pulmonary hypertension who
1s undergomg a pneumonectomy Oy erhydration 15 one of the factors
1 the production of excessive bronchual secrerton during and immedately
after extensise pulmonary surgery.

When a pneumonectomy 15 performed it is mandatory thar the medi-
astinem be lefe 10 a relatn ely normal position at the end of the operation
if the patient 1s to be least vulnerable to cardiovascular and respiratory
difficulties i the postoperative period (16). A rubber .tubc drain sl\ou}d
be lefr in the pleural space only while the chest wall is being closed in
order that no undue amount of xr can be trapped 1a the empty hemi-
thorax durmg this ime  This temporary drain is rcmm‘ed. at the com-
pletion of the shin closure and the patient is then placed in the supine
position and a needle inserted anteriorly for the recording of d{c intra~
pleural pressure  Careful manemetric readings are taken and aif is ith-
drawn or injected mto the pleural space in order to Ie:fvc a negative mmi
pleural pressure stmdar to that w hich one would estimate ta be porms
for that mdivsdul By this means the medumsunom will be brougbf into
If there is any doubt about the atcvracy of the -
5 cter of the panent’s respir-

f the chest 15 immedsately
fown

proper position.
plearal pressure readings because of the chara
atery excursion, a portable roentgenogram of ¢t med
made so that a medun position of the mediastinal strucrures is

© o B letral afrer
Since some surgeons sull employ drainage of the pleural space y
pneumonectomy. the potenrial hazards and disadvantages of such a tec
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mque should be realzed. Sumple underwater dramage with water scal,
such as 1s very satisfactory for 2 lobectomy, 1s highly undesirable after
F v and can t greatdy o postop cardio-
respiratory difficuties by causing marked mediastiial displacement.  If
pleural dramage 1s employed with 2 pneumonectomy, provision must be
made so that an unduly negatne pressure does not develop ay air and
flnid are forced out of the pleural space by coughing or straming.  There-
fore wheneser the pleural canity 15 draned after a pneunonectomy, the
drainage setup should be so arranged that the degree of negatine pressure
which can be developed 1 limuted in order to avord undue mediastinal
traction  The author aho does not favor the mnsertion of a dramige tbe
which 15 oceasionally unclamped in order to pernur an undetermined
amount of air or flnd to escape from the pleural cavity  Such a method
mav result in undewrable fluctuations i intrapleural pressure and medi-
astin1l postion from ume to ome [ 15 best to remove only that excess

Fig 127 Roentgenogram token four doys after mght upper lobe lobectomy for
neoplasm  The excellent expanuion with mimmal plevrol reachan is evident  The
middle and lower lobes ware free of emphysema
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tanng normal intrathoractc dynamics and a stable posttion of the med:-
astium i the early postoperative period.

When a bronchogenie carcinama extends to the canng ar lower trachea,
most surgeons regard the lesion as inoperable. Some resections of such
Iestons have been reported with operative survival by tracheal recon-
struction, but death from cancer has usually followed later (1).

During operation careful consideration should be given to the blood
replacement.  Since blood from a blood bank 1s inferior to the patient’s
own blood m a number of factors, surgical technique that lessens blood
loss during operation may reduce morbidity. It is best to start the trans-
fuston at the begimning of the operation and to replace the bload a5 1t
15 lost in equivalent quanuty  Only a very small amount of saline solution,
such as 15 required to start the mfusion at the beginning of the anesthest
before the blood 15 begun, should be given  If devtrose solution or shine
solution except in mmimal amounts 1s given duning operation in addition
to the blood, there is a considerable possibihey that an undesirable amount
of mtravenous flurd will be adnunistered  Although the blood replice-
ment should be adequate 1t 13 safer to err on the side of having the patient
shghtly underhydraced on the day of operation, This apples particolarly
to the elder]y patient with emphy sema and pulmonary hypertension who
1s undergoing a pneumoncctomy. Overhydration 1s one of the factors
1n the praduction of excessn e bronchual secretion during and immeditely
after extensive pulmonary surgery.

When a pneumsonectomy is performed it is mandatory that the medi-
astmum be left i a relatively normal posttion at the end of the operanon
if the pavient is to be least vulnerable to cardiovascular and respratory
difficultres m the postoperatne pertod (16) A rubber tube dram shn\l'ld
be left 1n the pleural space only while the chest wall 1s being closed it
order that no undue amount of arr can be rrnpped m the empty hem-
thorax during this time.  Tlus temporary dram ss removed at the com-
pletton of the shin closure and the patient 15 then placed in the supine
position and a needle mserted antertorly for the recording of .th.e intra-
pleural pressure  Careful manemetric readings are taken and air is » ith-
drawn or injected nto the pleural space in order to leave 1 negative intra-
pleural pressure simlar to that which one would esumate to be normal
for that indnadual By this means the mediastinum will be brought nto
proper position  If there 15 any doubr abour the accurzcy of t‘he intsa-
pleural pressure readings because of the character of the patient’s resptr:
atory excursion, a2 portable roentgenogram of the chest 1s Jm!nedmtcl}
made so that a medun position of the mediastinal structures is known
to exist.

Stnce some surgeons still employ drsinage of the pleural space after
pneumonectomy, the potential hazards and disadvantages of such 2 rech-



SURGICAL TREATMFNT 319

mique should be realized Slmplc underwarer dranage with water seal,
such as 15 ven v for a lot L s hmhlv desirable after
pneumonectomy and can contribute greatly to postoperame cardio-
respiratory difficulties by causing marked meduastinal displacement  If
pleural dramage 1s employ ed with 2 pneumonectomy, proviston must be
made 5o that an unduly negatve pressure does not develop as air and
fluid are forced out of the pleural space n coughing or strainmg  There-
fore whenever the pleural cavity 15 draned after a pneumonectomy’, the
dramage setup should be so arranged that the degree of negame pressure
which can be developed 15 lumited in order to averd undue medastinal
tractiont The author also does not favor the msernon of a dramage tube
which 1s occasionally unclamped i order to permit an undetermined
amount of air or flud to escape from the pleural ca lr\' Such a method
may result i undesirabl m leural pressure and medi-
astinal pesition from tme to me It 1s best to remove only that excess

Fig 127  Roentgenogram token four days after nght upper lobe lobectomy for
neoplosm  The exceflent exponsion with mmmal plevral reaction is evident  The
muddle and lower lobes were free of emphysema
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tanng normal wnttathoracic dynamics and a stable position of the meds-
astinum n the early postoperatwe period
When a bronchogenic carcinoma extends to the carina or low er traches,
most surgeons regard the lesion as inoperable,  Some resectians of such
lesions have heen reported with aperative survival by eracheal recon-
strucnon, but death from cancer has usually followed later (1).
Durmg operation careful consideranion should be given to the blood
replacement  Since blood from a blood bank 15 mferior to the patient’s
own blood i a number of factors, surgical techmque thar Jessens blood
loss during operanion may reduce morbidity. It is best to start the trams-
fusion at the beginning of the operation and ta replace the blood as it
15 lost i equn alent quantity. Only av ery small amoune of salme solution,
such as 15 required to statt the nfusion at the beginning of the anesthesn
before the blood 1s begun, should be given, If dextrose sofution or salme
solution except m mimimal amounts 1s gnven dunng operation in additon
to the blood, there 1 a considerable possibnlity thar an undesirable amount
of mtravenous flmd will be adnunnstered.  Although the blood replace-
ment shauld be adequate it 15 safer to err on the side of having thc.pmtm
stightly underhvdrated on the day of operation  Ths applies par.ucuhr))'
to the elderly panent with emphysema and puimonary hyperterisian who
1s undergoing a pneumoncttomy  Overhydration 1 one of the factors
1 the production of excessn ¢ bronchul secretion durng and immeduately
after evtensive pulmonary surgery
When a pneumonectomy s performed it is mandatory thar the meds-
astinum be lefe m a relatively normal positon av the end of the operauon
if the patient s to be lease vulnersble to cardiovascular and re.spnmmr‘:1
difficulties in the postoperatne period (16). A rubber fube drain shoul
be left m the pleural space only while the chest wall is betng clased 1
order that no undue amount of air can be trapped m the empty hemi-
thorax dunng this nme  This temporary drain 15 remoy ed ac the com-
pletion of the shin closure and the panent is then plnc‘cd m the supine
d antensorly for the recording of the mtra-
- mmarmp r’eadmgs are taken and air is with-
—amative M-
be normal
pleural pressure smlas o w e o
for that mdvidual. By this means the mediastmutie \ae . OUgHEY
If there 15 any doube about the accaracy of the intrd-
s er of the patient’s Tespir-
the chest 15 immedutely
ures 15 known

roornn and a needle mserte

PYOPCI' POS“’IOI’L
pleural pressure readings because of the charace
arory excursion, a portable roentgenogram f’f t
made so thar a medun posiwon of the mediastinal stract
to exist

Since some surgeons snil employ
yneumonectomy, the patcnnal hazards

drainage of the pleural space after
and disadvantages of such 2 tech-
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mique should be realized. Simple underwater dramage with water seal,
such a5 15 very y for a | ;, 15 nghly undesirable afeer
pneumonectomy and can contribute greatly to postoperative cardio-
respiratory difficulties by causing marked medusunal displacement  If
pleursl drainage 15 emplayed with a pneumonectomy, provision must be
made o that an unduly negative pressure does not develop as air and
flurd are forced out of the pleural space by coughing or straimng  There-
fore whenever the pleural cavicy 1s drained after a pneumonectomy, the
dramage scrup should be so arranged that the degrec of negative pressure
which can be deseloped 1s Imuted m order to avord undue medastinal
traction  The author alo does not fzyor the 1nsertion of 2 dramage tube
which 15 oceasionally unclamped i order to permmt an undeternuned
amount of air or flud to escape from the pleural cavity  Such a method
may result in undesirable fluctuations i mtrapleural pressure and medi-
astnal position from wme to time It is best to remove only that excess

;

Fig 127 Roentgenogram taken four days ofter nght upper lobe lobectomy for
neoplasm  The excellent expansion with mmmal pleural reastion ts evident  The
middle and lower labes were free of emphysema
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arr or flwd from the pleural cavty which displaces the mediastmum,
The drainage of the usual fluid from the pleural space after pneumo-
nectomy 1s undesirable because the late mediastinal shift may thus be
increased. .

Some surgeons consider 1t desirable to produce a permanent paralysis
of the hemudraphragm at the time of pneumonectomy. Although the
resultant more marked elevanon of the diaphragm on the side of the
P can undoubtedly decrease the size of the pleural space,
undesirable sequels mav also occur  Marked elevation of the Jefr hemi-
diaphragm may m occasional mstances result in gastric symptoms due to
displacement and rotation of the stomach It is uncertain w hether ipso-
lateral diaphragmane paralysis may be physiologically undesirable in the
early postoperative period. The author has not personally employed
phremie paralvsis with y. The diaph on the operated
side may become considerably elevated within a few months after pucu-
monectomy even though phreme paralysss is not induced.

When a lobectomy 15 performed the principles and technique of man-
agement of the pleural space are quite different than with preumoncctony.
When only one lobe of the lung has been resected, the aim 1s to fill the
plenral space by espansion of the remainmg lung tssue on the s|d€ of
operation (Fig 127). Closed tube dranage, with or \\l(hn\l'( suction,
should be employed for this purpose. This drainage ‘.\l“c 5 usually
removed from one to three days after operation at which dme good
expansion of the remaming pulmonary ussue should be present. Pm\.-
operatn e intrapleural manometric readings are not made after {obectomy

PaLLiatiny Surcical Procepures .
When esploratory thoracotomy revesls tha non-rescctable mmsm:xc
extension of the pulmonary cancer s present, conmdemmp should be
gven to the feasibility and advisability of some type of palliative pm[ct;
dure  The morbudity that the procedure might entail must be weig }cl
against the pallanon anticipated  Too often ::\r'e_nswc Proccd}:{rcls xri-‘r
to palhate because of the pheations mcurrc.d, For 1 ghs 1o o
category 15 the resection of lung when neoplastic tissue must Le Ir;\\C; "
in the bronchul transection  Bronchopleural fistula With its acten Rl\lc
morbidity and mortabty 15 then hhely to occur. I g:r.\cml it “““t Ih ¢
to cut tf\mugh cancer tissue at the hilus  The mfection dis(:i fg.n"c
neoplasic bronchual stenosis can usually be nmcl{nr.xtcd b) .ﬂn(lmlscc—
therapy after the thoracotomy, without Jung resection Pallivive e
tion of the lung 15 chuefly indicated when either a large necr;lnc‘ & “;
repeated pulmonary hemorrhages, or severe pulmonary "‘{ fc‘(r"::rk"
present, provided the mediastinal metastases do not seriousiy jignid
with a satisfactory hilar dissecnan  Such cases are not common in
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authors experrence  In making thus decision the surgeon should be
guided by a thorough knowledge of whar raduton therapy, antitroties,
and chemotherapy can offer m a pahative way for the type of patent
and cancer under cnnsldcmtlon,

When an snoperat 1 v cancer with ¢ pleural effu-
sion 1s found at etp]nrnnun. measures to lessen the need for thoracenteses
o the future shauld be considered.  This apphes espectally to those cases
m which rapid reaccumulation of fimd 15 anticrpated  Since pleural
effusion cannot occur if the pleural space 15 obhiterated, fusion of the
visceral pleura o the chest wall should be sought v 15 not necessary
to achieve complete obliteratron of the pleural spice i order to lessen
or chminate the need for subsequent pleural aspirations  If the hung
becomes sufficrently adherent to the lateral chest wall so thar it can no
longer be collapsed agamst the medtastmum, massne flurd accumulations
which displace the medistnum are much less hlely o oceur  Surgical
atentpts to obliterare the plenral space can only be successful sf the lung
can expand sufficiently to reach the jatesal chest wall, peshaps with the
a1d of shght medwstinat stufe toward the imolved side  The underhving
principle 1s the maintenance of 2 roughened visceral pleura i contact
with a rough panetal surface by closed drumage, preferably a simple
water-seal type  The vceral pleura niny be srrtated and roughened
by gently rubbing wich gawse. The chest wall ade i rendered rough
by stopping awav and removing the paretal pleura over a large area of
the costal surface  The presence of merastac nodules on the paretal
pleura does not contrandicate the procedure. but does inerease the
kehhood of umplantation of cancer cells into the thorzcotomy wound
The pleural dramage 15 mantamed for several davs and the dramage site
then closed by tying a previoudy placed shin suture 2 the dramnage tube
1s withdrawn  If pulmonary expansion has been attamed. persistent dram-
age 1s unfikely  Such a pleurectomy at the time of esploratory thora-
cotomy sull has a place in a few selected cases, even smce the mtroduction
of ssotopes for mahignant pleusal effusions

In patienss with a severe distressing cough bug, who have no vigmificant
bronchial infection and bitle sputum, vagoromy as 2 pailame pmcedurc
mav be considered at the ume that th reseals an !
fesion  The vagus serve can be divsded high in the thoras on the nght
side bur below the branching of the recurrent larvngeal nerve on the
left side  Severe coughmg spasms mav be lessened by such «agotamy

When exploratory thoracotomy reseals a sizable pericardial effusion
due to neoplasuc invoh ement, penicardiotomy 1 ndrcated, A errcular
opening one to tw o wches in dirveter should be cut mto the pencardium
s that the pencardil flud may continue to drasn into the pleural space
postoperaenely and thas avomd cardiac tamponade
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Drrect extenston of 1 cancer of the lung into the adjacent chest wall
1s not uncommon. If the thoracic involvement is so Jocated that resection
of the chest wall and pulmonary mass can be done en bloc, the case 15
not considered inoperable. Too often, however, the site of neoplasuc
nfiltration of the chest wall 1 located in the costovertebral region or at
the apex of the thorax where en bloc resection with the involved lobe
of the lung ss not feasible. Although these non-resectable cases are the
very ones i which severe pan may become a problem, nerve section
15 also often not feasible because the mtercosty] nerves are infilteared by
cancer close to thetr spinal orsgin,  Thus intercostal neurectomy 15 only
occasionally a feasible and helpful procedure jn inoperable lung cancer.
Those cancers Jocated in the supenior sulcus are usually the most painful
group of pulmonary neoplasms.  After radiation therapy no longer gres
adequate relief, resore to neurosurgical procedures such as lobotomy and
very high cordotomy must be considered.

Since the advent of anuibroucs, surgical drainage of an empyema or a
lung abscess distal to a bronchogentc carcinonn 1s rarely required  Such
chromic suppuration 15 more hkely to be seen in the slow-growing
bronchial neoplasms like bronchml adenomas. If adequate control of

the infection cannot be ol d by antibiotscs, prel y surgical drain-
age should precede the resection  An empyema may be associated with
2 r ble bemign or mal pl

Pastoprrating Care

The essential principles of postoperative care consist of a clear aitn 2y,
adequate ovygenation, judicious sedarion, and median position of the
mediastinum  Rigrd abservance of these factors, particularly n the first
few hours after aperation, will do much to reduce the merdence of com-
plications m larer days, i i

\With carefully performed surgery excessive bleeding durmg resectons
for carcinoma of the lung will be uncommon unless pleural adhesions
are dense and vascular, or attempts are made ro remove essentaally -
operable lesions  With, adequate replacement of blaod, postoperathe
shock should be uncommeon, Nevertheless maderate drops in blood }3{_;5-
sure durmg the carly postoperative hours are not uncor.nmon] nnc
clmical appearance of the patient 1s of great importance in evd I;:“ Is:
the probable sygnificance of 2 moderate hypotension  1f the cummds
pink, respiratrons easy, the shin warm and thc.pulsc slow, the Pm;ih .
1s quite different than if cyanosis, dyspnea, and signs of vasomotor col P‘“
In erther circumstance, however, pne should maghe certan
n and medisstinal position arc sausfactory-
are usually due @
Large doses

are prCSel’l[
that the pulmonary aeratio)
Restlessness and deliriam following pulmonary surgery
hypovia from some cause v hich must be corrected at once,
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of narcotyes at such a time are contramdicared and can prove fatal by
increastng the unrecognized hypova.

it 15 essential that the tracheobronchial tree be cleared of sceretion
before the panent Jeaves the operatng room  1f the arway has beent
Lept properly free of accumulited secrenons durmg the operation, a
postoperatn e bronchoscopy s rarely necessary  As soon as the patent
regams consciousness he should be urged to cough, in order to clear the
air pagsages  Catheter sucvion of the phary ne and erachea must be utilized
ar the shghtest mdication of retained maisture in the tracheobronchul
tree before the patient regains hus cough reflex  If the sccretions are
thoroughly removed early, the tendency for furthed secretions to develop
will be less pronounced.  Constant aurstig care directed toxard elmina-
tion of bronchal secrenon is most essennal  If these factors are not
thoroughhy realized, the morbidicy and mortahey for pulmonary resection
will be much greater than necessary M ar anv ume larer the secretions
cammar be effectively evacuated by coughmg, meratracheal suction aunse
be employed, If thi procedure does not adequately remove the scere-
nons, bronchoscopy should be performed without delay  Trachcostomy
15 nd cared when sccretions reaccunwlace rapidly and cannot be sags-
factorily removed by transnasal catheter sucton supplemented by bron-
choscopy.  Such a situatton can wsually be avorded with proper pre-
operatine prep adequate tracheob hnl suction during opera-
tion, and expert care i the early postoperative hours,

Early and adequate remoral of bronchial secretinn by effective cough-
wng or tracheal sspiration will great)y reduce the medence of postoperans e
pulmonary complicatrons  Patients with bronchospasm, asthnma, and pul-
monary fibrosis and emphy sema are most dufficult eo manage  Broncho-
dilators may be gnen systemicaliy or by aerosol  Expectorants may be
of some help  Broad spectrum antibronies are used rounnely after pulma-
nary esection  Drugs are valusble bur should not be regarded i any
way a5 2 subsntute for effectve mechanical removal of bronchial se-
cretions

Pulmonary edenn may occur due to exwessive meravenous flud admmn-
strznon, especially of sabne solunons Edema of the Jungs mav resule
from parvial atrway obscruction either during ar after aperatton Cireu-
tatory farlure may also be respunnible  The patient with marhedly re.
duced respratory funcnion 1s most Iikely to desvelop this senous cornpli-
catton  Preventatree measures stuck as acoding by pave and excessne
flurd sntake, and mantenance of a clear airway, are far more effective
than therapy of the established edema

Studres of the oxvgen content of the blond after lobectomy and preu-

have d d that some red below normal in the
per cent saturation 15 usually present for some hours or days after opera-
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won. ¢ is therefore advisable to employ ovygen therapy after pul
resection far une of two days  In some cases with considerable
sema ar coranary insufficiency, faily prolonged ovygen thera
be advisable. In very severc emphysema the possituley of pr
actdosss, defirium, and even coma with conunued high per cent
adounitrauon must be borne i wind,

The judicious use of analgesics m the exrly postoperative peri
lessen the nerdence of pulmonary complications  If the patient’s t
pam 15 not adequately lesseacd by a narcou, respiratians may
shaltow, and g decp effective cough may he impossible for some
Qn the ather hand, large doses of narcotics which depresy resp
are also nndesirable. 1o is best to give smaller doses at more f
intervals, Effectnve coughing should be particularly encoursged
after an admunustered dose of analgesic has tahen cffece because
nenr's co-operation may be best at that time.

Attempts to lessen postoperatne pain after tharacotomy by ny
nerve blochs with anesthetic agents, meercostal nerve section, and
tions m the technique of opening and closing the nb cage, have m
only partial success.  Because of the grest imdividual seasitivity 1
as well g« other factors, the comparison of the results with variou
nques 15 beser by many variables Unless the surgeon personally
views hus patients m the weeks after aperation, he may have an etn
impression as to the frequency and duration of such discomfurt..
the persistence or recurreace of the pain in the region of the ir
or often more anterior to it, even weeks after discharge from the ke
that s 9 particular nuisance  Smee sinlar postoperatve discomfo
towy thuracotomy s adults for non-neoplastic lestons, it 1 maport
assure the paticnt that 1z does not signify the development of 2 cow
tion, Tt author 15 emaware at present of any anesthetic agent for
black wiuch wilf be effectsse for the postoperative pcriog’nnd ¥t
ettt the possibiity of sa even more distressing late nevritis

Followsng remoral of an enrire fung the anatomical readjustimy
quite different from that following lobectomy. Moreover the ot
logic matadjustments which may oceur are o{ greater magnituds
deserve special consed Too hutle has been focuse
the detals of management of the pleural space ar the conclusion
operation and n the first few postoperative days. In corl\'tmsr. the |
temms pertanmng to the med ! displ and oy o ¢
remaining kung which may oceur slowly over a periad of mor}t}fs or
fallowing operation have been the subject of considersble favestig
and drscussion,

In few other situahons ean small differences in ineraplearst pre
have greater effects than at the conclusion of 2 paeurnonectamy. Fol
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g removal of an entire lung the position of the mediastinum must be
deternuned and controlled by regulating the amount of air mn the space
which remamns after the lung has been removed (Fig 128)  Since a dis-
placement of the medustinum will alter the volume of the remaiming

Fig 128 Bedside roentgenogram one day after left preumonectomy for carcinoma
Note the satifactory postion of the mechastinum  There fs as yet bile fvid i the
left hemuthorax which 1s largely filled with air

lung 1t 15 obv1ous that mediastinal displacement toward the side of apera-
ton will lead to acute overdistention of the remaung lung  1If, on the
other hand, the mediastinum 1s displaced aw av from the side of aperation,
the remaming lung will have a reduced pulmonary volume  Both situa-
tions are undesirable

The mportant role that medmstinal displacement, even of lmured
degree in certam cases, has m contnibuting to postoperative morbidity
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and mortality after pacumonectomy, has been greatly underestimared.
A number of factors have contributed to this state of affairs. The physio-
logic burden of an abnormal meduastinal position v ith its resultant effect
on the ventdation and circulation of the rematoing Yung is insidious. It
may tahe many hours or even days for the detrimental effect to become
mantfest  In most instances the cardie and respitatory complications
which may develop are erroncously assumed to be due to primary disease
in these organs. Anumal experiments of a few hours” dutation 1 which
only certam gross measurcnients were made in normal dogs, led to a fahe
tmpression of the chmcal potentialines of acute thoracic displacements
‘The effect of moderate degrees of mediastinal shift are far more significant
from the standpoint of morladity 2nd morrality in the older age and poor-
nsk group of patents, than in those with a relatively normal heart and
remaiming tung. Therefore the cardiac arrhythmss, cardiovascular acci-
dents, and occurrence of pulmonary edema may be cansidered meorrectly
s wevitable sequels of the operation whereas they nught ot have oc-
curred tf the medwastinal displacement had been atoided- A farlure to
obtam obvious climcal mproyement of cardiorespiratory function after
correetion of mediasunal deviation does not mean that it was not ¢
contributory factor to the cardrovascular comphcation originally - Lxeept
for immeduately postoperatively, the position of the mediastinuny cannot
be accurately determined without the aid of radiolagic studies. VWhereas
at the conclusion of the operation, before fluid m sizable amounts !m
transudaced 1nto the pleural spice, intrapleural presstre readings can give
a refaunvely satisfactory indicaunn of the medistinal position, this is no
langer trug when a hydropneuratharax is present (Fig 129). The gen-
crally hugher morbidity and mortahity following pncumonectormy ¥ hich
have been reported by surgeons who pay little attentton to minute details
n the adjustment of the mediastinung following pnewmonectomy, tends
sometimes ro be mcorrectly attributed to other factors such as accepting
poor pperame nisks. .

Cardac arrhythma mey oceur following pulmonary resection, ESPCd‘
cally 1a the older age group. The avoudance of meduastinal shift an
hypowa will lessen the frequency of this complication  Treatment €on-
sists of correction of any mediastinal displacement, the use of cardic
drugs, and oxvgen 1f h’v};c\in 15 present. YWhen there i 3 sudden ]r:;l“!c'
of aurcular fibrillacton, 4 bedside roentgenogram of the chest 5"””“!:‘
taken at once to determine the positton of the meduastinum He cn; 1::“‘
displacement toward the contralateral stde 15 present, fiund or a;:fseg .
be asprrated from the pleural space. If the meduasonum lmls “lcnnl
the side of pnetmoncetomy because of cxtrusion of air from the p” l;c
cavity mro the subcutaneous nssues, the intrapleural pressure s'houh :7 5

1 by 3 needle dtoa and some air s
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be mtroduced into the plenral cavity. If the auncular fibrillation 1s at a
rapid rate, as 15 usual at ts onset, digitalis 1s usually indicated Quimidine
or pronestyl may also be given with proper caution,

Tachy cardra may be caused by a varety of conditions which mclude

. s
Fig 129 Same case o3 Fig 128 o week offer left
shows the normal gradua! increase in fluid in the space from which the lung was
removed The mediastinum hos remamed in the midline because air has been ab-

sorbed as the fluid hos increased

mediastinal dsplacement, hypou, pulmonary complications, and acute
gastric dilatation  Gastrie dilatation should be relieved by insertion of a
tube through the nose mto the stomach

Ambulation within the first few days after operanon i desrable  Leg
exercises can be employed while in bed  Thromboembolic complicatons
are less frequent after pulmonary surgerv with good postoperative care
than following most other major surgical procedures

Wound complications after pulmonary resection for cancer should be
very rare  Bronchopleural fistula, which used to account for a significant
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difficulties ;m some panients, means of mording such displacement have
long been soughe. Although thoracoplasty has been most widely em-
played for this purpose, it has several drrnbacks  An additional operatne
procedure is often required as it increases the operattve risk if done

Fig 130 Roentgenogsam one menth after tght paeumenectomy for adenocarcinoma
w o 32yearold womar  Note the camplete opaaficaton of the nght hemitharax
due to the normal filling of the hy waith flyrd after Later
there was more duplacement of the heant 1o the nghs sde

ly with tomy in an elderty pavent with lung
cancer  The (huncnphsu aay further reduce pulmonary function by
disturbing tie mechamcs of the “chest cage  Jt scolioss develops, dyspnea
may occur  To overcome thesc disadiantages of thoracoplasty, varous
prostheses have been wnsered o the pleural space  None thus far have
proven rdeal At present the tendency in most chmes s to await the
result of the pneumonectomy done for lung cancer, and to observe the
patient for cardiorespiratory symptoms siace t 1s now apprectated thae
nuany tolerate the readjustment surpostaghy well (Figs 130, §31)  The
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difficulties sn some patients, means of avoiding such displacement have
long been sought.  Although thoracoplasty” has been most widcly em-
ployed for this purpose, it has seseral drawbacks  An additional operative
procedure is often required as 1t increases the operatne nisk if done

Fig 130 Roentgenogram one month after right pneumonectomy for adenotarcinoma
n g 32-yearold woman Note the complete opacification of the right hemithorax
due to the normol filling of the with fluid offer Later
there was more displavement of the heort to the wight side

¢ ly with p in an elderly patient with lung
cancer The thoracoplasty mav further reduce pulmonary funcrion by
disturbing rhe mechanics of the chest cage I scoliosis develops, dyspnea
may occur  To overcome these disadiantages of thoracoplasty, vanous
prostheses have been mserted into the pleural space  None thus far have
proven tdeal  Ac present the tendency m most clinees is to awarwe the
resule of the pnewmonectomy done for lung cancer, and to obserse the
patient for cardioresptratory sy mptoms Ance 1t 1s now apprecrated thar
mny tolerate the readjustment surposingh well (Tigs. 130, 131) The
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oo e e e

Fig. 131  Roentgenogram ten years after left pneumonectomy for lymphosarcoma
Patient was asymptomatic and had no dyspnea

patients who develop difficulty because of tracheal angulation and eso-
phageal displacement have usually had the night lung removed Qccasion-
ally extreme displacement may occur (Fig. 132). In such anlmstancc.
thoracoplasty 1s definitely indicated and will usually cause definite symp-
tomatic impros ement unless the symptoms were due to pulmonary em-

physerma

SurGICAL TREATAIFNT OF Puratonary AleTastasts
When a solitary mass which appears to be 2 neoplasm is 'dncmercd m
a roentgenogram of the lungs, the pnsslbxhty of etther a primaty pulmO-
nary cancer or a metastasis to the lung from an extrapulmonary sit must
be considered  The charactenstics of bronchogemic carcinoma have been
described 1n various chapters of this book but ¢ has also been mdxcnm}
that at times 2 chinscal differentiation between a primary and a Sccnnd“ﬁ
growth may be 1mpcss1hle. When the patient has prcvmusly hecn' n-ca}r‘e
for a cancer m some other organ or part of the body, the suspicion that
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When the weight of evidence strongly mdicates that a pulmonary mass
15 probably a metastasss, the likelihood that 1 “cure” can be obtained by
any surgery 1s very small. In order not to subject patients with metastatic
pulntonary cancer to useless operations, various critena may be employ ed
to select those few cases in which resection might be of benefit, reahizing
that exceptions will occastonally occur.  Criterta for consdering pul-
monary resection of a lung metastasis are one or more of the following:
1) uncertanty a5 to whether the lung Jesion is primary or secondary,
2) the pulmonary mass 1s solitary, 3) especially when the mass is of fairly
large size and stll sohitarv: 4) tomographs in posrcrmmcrior and lateral
projecttons show no othcr masses 1n the lungs, 5) stow growth of lung
mass, 6) constderable nme has clapsed since primary cancer was eradi-
cated, 7) no evidence of neoplasm at primary site or outside of lung:
8) lon-grade malgnancy of primary grow th—sarcona more fay orable

!
i

i -
Fig. 133 Lorge fumor moss in Jeft lung wos considered to be a prlmﬂﬂ:'"‘::::;y
neoplasm  Pahent was well for five years when o broin metastasis ‘e'v
Avtopsy demonstrated that primary lesion was o carcinomo of the odrene!
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than carcinoma, and 9) a tumor of atyprcal or unpredictable behavior
(Fig 133)

A review of the reported cases of 'y resection for C
lessons prior to 1949 was made by Seiler ¢r al. (19)  About two-thirds
of the Jesions were carcmoma and one-third had metastatre sarcoma
Considering the relatn ¢ frequency ot the two ty pes of neoplasm, a lngher

of solitary sar are favorable for resection
and almost half of the late sunnors reported by Seiler had sarcoma
The most common primary tumors encountered among the sunviving
group were fibrosarcoma, hypernephroma, carcinoma of the colon and
rectum, and of the ovary.

Straicat TREATMENT OF Rarrr Taprs or Bronormat
ap PuLviovary Cancer

In the surgical treatment of most prmary cancers of the lung the
princsples determining the extent of resection are sumlar although there
15 2 recogmzed difference 1n the success of the therapy as applied to
various pathologic types In the management of tumors of low-grade
malignancy, however, some vanations m surgical approach may be both
feasible and dewirable  Therefore individual consideration will be gren
to the surgical treatment of the rarer types of pulmonary neoplasms

The carcinaid type of broachial adenoma should be treated by the
most conservatn e type of resection which peramts complete removal of
the growth (Fig 134) If the tumor can be resected by a lobectomy,
this 1s the procedure of choice (23) When (h: (.]er()ld bronchual
adenoma 1s 50 Jocated chat a lob 13 d should
be given to a bronchial resection with plastic rcpmr m order to avoud
a pneumonectomy  Such a localized rescction m1y be combined with
lobecromy. If suppurative disease has caused wrreversible changes in the
lung distal to the tumor, a consename resection may not be feasible

The cylindromatous type of bronchal adenoma should usually be
treated by pneumonectomy unless tracheal extension interfercs with that
procedure  Very few ¢y hindromas occur sufficentdy pertpheral to pernut
resection by Jobectomy  Lvmph node dissection should be combined
with the pulmonary resecnion  Radiotherapy should be employed 1f
surgical removal is mcomplete

Sarcoma primary 1n the lung 1s vsually reated by tpes of surgical
resection similar to carcmomata Because of their ranity, msufficient data
are gsaifabie to assess the refatn ¢ ments of radical versus more consenative
resections in the management of lung sarcoma (18) Rapid grow th prior
t0 operation does not necessanly have the usual unfavorable prognostic
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Fig 134 Bronchogram demonstrates a filling defect in the rght mon bronchus
below the upper lobe onfice due fo a bronchial adenoma  Because of the nalure
of the neoplasm, middle and lower lobe lobectomy rather than a pnevmonectomy v,lhus
considered the procedure of choice although the tumor is ot far distant fram the
upper lobe onfice
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connotation (Fig 135). The possible adviatnlity of postoperatve radio-
therapy must be considered m this group  Radiation treatment 35 cer-
tainly indicated if recurrence is manifest

Bronchiolar or alveolar cell carcinoma requires special consideration
from the surgical standpoimnt as well as i diagnosis because of sts peculiar

-

Fig 135 Rehculum eell sarcoma of nght middie lobe  Patient well three yeors offer

Tobectomy

gronth charactersties  Storey et al (24) have made an extensi e analy sis
of the literature  Since different authors have varying critena for desig-
natng a partcular case as one of alveolar cell carcmoma, comparison of
the reports from different climics 15 often confusmg  Therefore at 15 as
vet umpossible to define v the behavior of such
tumors  Storev concluded that conservative pulmonary resection would
scem to be the treatment of choice m the majonty of paments  Views
on the prognoss with surgical therapy vary depending on the tvpe ot
cases included 1n this special pathologie category (Fig 136).
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Churchill ez al. (9) reviewed the cases of carcinoma of the tung treated
at the Massachuserrs Generat Hospiral from 1930 to 1950 A climical
dagnosis was made i 1130 pattents and confirmed histolagieally m 681,
Thoracotomy was done n 29+ cases, and a resection carned ot in 171
(25.1 per cent of proved cases, §8.2 per cent of pauencs explored); 114
had pneumonectomy and 57 lobecromy.  Of these, 137 survived resection
(20.1 per cent of pauents in whom the diagnosis was established histo-
fogrcaliy). The pneamonectomy mortality rate was 28.7 per cent prior
to 1948 but only 3.7 per cent {n 1948-1949. Likewise the Tobecromy
mortality dropped fram 226 per cent to 38 per cent. Six of 48 panents
fived five or more years after pneumonecromy, and four of 2t were
alive five or more y ears after lobectomy. Of 29 patients without mvalve-
men of Iy mph nodes, 34 per cent survived five years. None vt lymph
node involvement surtived fise vears (which differs from reports of other
chnics).  This Massachusetrs General Hospital reporr does not anclude
those cases with bronchial adenoma

Moore (17) analyzed the cases of carcmoma of the Jung at the Presby-
terian Hospital in New York durmg the ten-year period ending m 1949
Of the 370 patients, 42 per cent were evplored, of these 56 per cent
underw ent resection.  Onply 13 per cent of the resected cases sunned
five years or more.

The surgical aspects of bronchogenic carcinoma as seen na genewl
hospteal are mdieated by the stanstics reported from the New Haven
Hosputal (4)  In a series of 300 cases, 59 per cent were considered
inoperable without exploration  Of the 40 per cent evxplnrcd. 4 resection
was performed in shghtly over one-half, which constiruted 21,3 per cent
of all admissions with proven bronchogenic carcinoma Less thant § per
cent of all the pauents with Jung cancer survived five years .

Boyd et al (5) reparted on 403 cases of carcinoma of the lung treate
at the Lahey Clwuc, Resection was performed in 25.8 per cent of the
total cases scen, but only ©5 per cent of alt cases survived five years 702
longer The toral resection moreality was only 7.6 per cent, and 37
per cent with a “curattve resection” survned ﬁ\'c years of fonger. .

Gibbon et g/, (11) reported on 380 cases in which an cxpiaral&:’)
aperation was done. In 205 a resection was performed, 199 had 2 po 1‘::
monectomy  The aperauve mortahty of patients who wnderwent ::;nr
paton was 22 per cent. The five-year survival rate was 22 per cen
pattents whose cancer was removed

MacManus er of (15) reported on 199 exploratory
caremaoma of the lung performed from 1947 to 1953,
survival rare for patients leaving the huspial aliwe berween ¥
1950 was 22 per cent
Taylor .\ndp\Va(crhouse (25) report that of 1147 patients sub,cctcd to

thoracoromies for
The three-year
947 and
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187 per cent four y ears, and 13 7 per cent five y ear, In patrents y tthour
B mph node !nvol ement ¢he 4, e-Year follgy, up shows 35 1o 35 per cene
tures

0 446 panene, Forny Per cent yerp alne ae the end of ry Mears ang
34 per cene ¢ three v egp, The five-yeqr SNl rare y 21 per cene

he importan, nfluence of the et 13 pe on ¢he P 45 of broncho.
BN Carcingmg 45 o cll d strated by, ghe N5 of ghe dita from,
the Aayq Clirue Teported by Kirkhin ¢r o (14) They assify they
cases of bmnchngemc CHLINOM into fou, BToups vl ¢he follow mng
tncidence
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tion to Percentage e¥plored, resectability vy, 1e% 10 cure, gng fivey ear
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The poor resectability rate and the dismal five-year survival rate
small (or oat cell) carcmoma are again documented. Alchough the five-
year survival rate of adenocarcinoma in the Mayo Chnic series is almost
as good as their results with squamous carcinoma, it should be pointed
out that there 1s a rather niarked variation within the former group. The
mucus-producing ad { and papMary adenocarc , which
are subgroups, may have a better survival rate than the remainder of the
adenocarcinomas.  In none of this discussion has the bronchial adenonia
or cylindroma been included because of their s ery different behasior and
prognosis. The Mayo Clmie nine-year survival rate for adenoma of the
bronchus was 84 6 per cent, It s easy to see how inclusion of even a
small number of these slow-growing tumors (although justifiably listed
as adenocarcinoma, Grade 1) with the other bronchogenic carcinomas
gives a completely nusleading impression as to the prognosis of the

type of bronchogenic cancer. In the Mayo Clinc senes 76
per cent of the primary cancers of the lung were adenomss of the
bronchus  Tlhis 1s higher than the mcidence would be in unselected
material. Te should also be mentioned char the five-year survival rates
of the Mayo Chnse cannor be compared with these of a general hospital
1 whech chere 1s much less selection of cases. Tnstitutions known for their
surgical work may recerve a hugher percentage of referred cases 1 % luclh
surgical therapy may stll be considered a posstbility. The writer i his
own evperrence has noted a stnhmg difference mn the types or’.cn.s‘cs with
cancer of the lung which he saw i a cancer hospiml', a municipal hos-
pital, a general voluntary hospital, and a surgical dinie Data gathered
from anv one of these are not representative for the pmblcm' of lung
cancer 1 the general population as far as operability or lace survit al rates
are concerned. But the Mayo Clinic data as cited above gives a true
pcture of the relative res - TTT A s el e

Some reports 1 recent
of their more peripheral
apparently m the Mavo series are ncluded m other categories. ﬁ\:]“;)s
1.2 per cent of the Jung cancers of the Mayo Clinic were classifies
alveolar cell tumor i

The effect of lymph node mertastases on the five-vear survival ra:c 1:
bronchageme carcinoma s also mportant.  Thus far there hne ze;
extremely few three-year survivors when the mcdms.rmal as well as ; 3
hilar Iym'ph nodes were involved, even though a r::dxcnl me?“:;mn[alv “Dr;
section with pneumonectomy was performed W hen the hilar Iyv (F"
nodes contain metastases but the medtastinal Iymphatics are not apparenty
invaded, a small percentage of five-year survivors may occur with pnts“;
monectomy or occastonally even with labecromy. However, there ¥

sharp drop m even the three-year survival face when the hilar lymph
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nodes show metastases, and only a few lie five or more years. Smmilarly,
resection of the chest wall or diaphragm which 15 invaded by direct
exeension from the lung only occasionally results i long surynai, bur sait
15 occastonally ndicated
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Radiotherapy m Lung Cancer

Janirs J. Nicksov
AxD Berxaro Roswrr

GFNIERAL CONSIDERATIONS

It 15 our tash 1n thiy chapter to discuss the contributions that onizing
radition can make towards the welfare of patuents with surgically m-
curable caremoma of the tung  Wiale the proportion of resectable cases
vartes somew hat throughout the country, 1t 1s a consenatne estimate
that at present three out of four patients with carcinoma of the lung
coming to the physictan are already beyond hape for surgieal cure
Further, of those pattents with resections, about two out of three will
not have been cured by that procedure and will ewther present evidence
of local recurrence or distant mictastases

It 1s apparent, thesefore, that the radiologist today faces an ebhigation
for providing nonsurgrcal trearment for many patients with bronc hogenic
carcmoms  Radmation creatment may play a role m asssting patients
with the disease at vanous seages, from the relatnely earh lesion sn
sonie patients unsuitable for surgery, to the panient with widespread
metastases and a relatinely shore Iife epectiney

Ve share the opimion of Sputhers {50} that raduation therapy can
celeve thew suffening and disabrlity 10 a way that s nor possible ar
present by other mcans  Yet 1t 15 still not made sufficiently avadable to
all who may need it Too many gencral practittoners, remembering the
past, when radizuon sickness was commonplace and jocal reactions were
severe, seem far too ready to demv thar less debilitated patients the
benefits of present radution treatment (50)

PALLIATIVE RADIATION THERAPY

What can the radiotogist do for symp atients harboring an
advanced intrathoracie lesion or dstant metastatic dsease? By the tme
they reach the radiolognst, their condition precludes any serious attempt
at prolonganon of ife Nevertheless. our prncipa) role as physicrans 15
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to relieve suffering and disabihry in these individuals, desmte that- -1 ¢
life expectancy. They are sureh: aness- . '
humpaniea—-

dise,

Cuniear Bexrrrs

Relief e be offered o more than 50 per eent of these patients by
means of conventional radwtherapy, and wieh relatvely heele discamfort
ansing from the use of roniung radsation.  Qur combined experience
m the manageqent of more than 1500 patients viith this diease has con-
vinced s that we can offer respite from chess pam, productive cough,
hemoptysrs, dyspnea, orthepnea, bone pain, inpending pacaplegia, dys-
phagr, and the chmcal syndrome associated with obsteucdon of the
supertor venz ena  The improvement thus gained wmay fast from severa!
weeks to many manthe, This expenence is shared by nearly alf chnicdl
mvestigators sepotang on ths problem incledmg Albson (1), Brooks
and fu colleagues (2), Craver {7), Dobbie and Livingston (9), Felton
(13). Hazs (18), Harvey (23), Hilton (24), Leddy (32, 33), Mayer (38,
39}, Smuthers (§1}, Tenzel (54}, and Widmana (61).

Obgective evidence of sutnsfactory radnon response is chasacrenzed
by restoration of pulmonary acranon (Fig 137A and B), jmprovement
of respiratory function, regression of pulmonry mfiltrates, shnokage of
myolved lymph nodes (Fig. 138), and restoration of nevrological com-
petency  Prabably the greatest single advastage of lonizing radiadion
fies 1 15 abulity 1o re-estabhsh broncinal dranage  Suppuston duwtat
1o the obstructing timor produces symptoms which dominite, harass,
and shorten the panent's life.

An osseous metastasts in the lumbar spirte rhrcarcning o producc para-
plegia or creanmg severe pam, clearly presents aa xmmcémrc therapeuttc
prablem and can be greatly helped by radi- = )
sees restoration of bony architec
137C and D) 1o s of particul i
metastases can be aided, because uus frequent camplication 1% psycho‘
logically so distressful and consututes 2 severe dram on rhf fanly znd'
the commnity because of saund-the-clock nursing care that is frequently
neCessary. N

Although the supenior vem cava compression syndrame i
compheanon, 1t 1s here that the therapentic radsologist pcr{om‘ s
ourstanding service  In 75 per cent of such cases, the stmng“h“'“é' ederm:
af the upper respratory tract, cesebral an nia, a'nd other mani 3 O
can be promptly snd stakingly reheved fr relatively Jong periocs hm;
particulr therapeutic siguficance 1 the ugh incidence of anap

;s an ominous
s his most
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Fig 137 Resulys

A A 63-yearald white male With proven eprdorma,d Carcinomq, Grode Jj, recerved
treatment directed 1, the caring through onterior ang Posterior 19 X 10 em
Ports A tumep dose of 50, 7 wos delivered 39 days, Yiing a LMoy mMaching
This fitm shows the H0HON prigy g treatmeny Note the massive atelectyg,s
" the righy ung with Compensatory emphysemg of the left tung

B This fitm w05 token three days after omplehion of treatmeny, ond shoy, rYeanng
of the nghy long, except ot the bose

€ A O yearol ypye m0le wos treatey fo, POMO coreimomg of the nghy
VPP fabe, proven by “xBloratoy operanan g Bl was taken fo Plonming
ATROLES 01 omet of yadugpn 90 shows paegg destruction of pe second niy
a5 well o5 the gypc, de0sity  The feag yorkers ond droy e relote 1o
vantaton of reatment poney The Patient wor treqmy ith telecobal, 4500,
! 14MOr Bose being dalerey n 37 days

0 Ths film, taken five manths after ompletion of freatmeny, shows recalerficangn
b 'PRer o

of the secong "o There 4y some pulmonary fibrosis 1n the right lobe,
but no evidence of tumor



tren
TeMissian of addifiongy WO monghs ote 4p,
Yisualizeq collaterg) :hwnnelx, with OPacification of the SUPEnOr veng cave

(mdmscnsxm'e) lesiong feported p, ths Broup (49). The Pholagic
phys:ologv of thys S¥ndrome brnnchngcmc Carcinon, has been fully
c R) (49

mimg Much |, ST Iemusyiong than Mitrogen Mustard, Withoyy the tovic
mmphcanons fi llmmntmg cases, 4 i tumop dose of
about ; '8gested for hy t few treatmeny, al regression
f the fumo, S May fe T after 4 tmer doge of Jess 00 .

¢ resp 0 m, Mustard 15y ally Prompe pp of Yery shor

0 Togen my,
dur:man In Criticq) Situations, hen foentgen rhcrapy is noe Mmediately

Vailable op feasthlc, Mtrogen Mustarq may pe cﬂtcm’cly employed n
ONVentiong) dosagc 5 2 prelyde 0 radution treatmeny,

Some und:chrcnnnred bronchml tiMmors gra so md:mensimc 5 10 simy.
late lymphonms M theyr Tesponse The firge Svidence of climeal henefyy

* From Ros\ur, B, I\’aplan, G. ang ]acolnon, G. “Superior Vena Cna
Ol)s[rucnon St ndrame m anchogcmc Carunnm.-n." Radiology, 6, 2722, 1953,
Cuurrcsy Charles ¢ Thomas. Pubhsher. Spnngﬁeld, 1lhinoys,
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in such cases may be noted as early as a few days after inianon of
treatment The graufying regression of these anaplastic lestons and the
uniformly poor results from surgery 1 oat cell crrcinoma have prompred
Suuchers to suggest that apparently aperable cases be treated by raduation
methods alone (51), However, one cannot overlook the dm.nummnrr
fact that amplastic tumors spread so rapidly that four out of five w 1[!

sooner ar later have blood-borne The well-diff
epidermond carcinomas are as radiorcsponsi ¢ as squamous cell carcinomas
in other mternal organs  The ad may be 31

responsive to radiation but the alveolar cell lesions have rarely been in-
fluenced,

TrearmeNT Mrruops

Palharne benefits will generally be sausfactory with a tumor dose of
approximtely 3000 r in three to four weeks, employing conventional
radiotherapy apparatus and techmques  The dosage m each new panent
must be mdwidually considered, on the basis of sound clmcal and radio-
Togical jud; Ine § y lestons it ss well to com-
press the treatment time to the shortest over-all period compatble with
achues entent of a successful result  These patients have no time to waste
For crample, an mntractably pamful sheletal lesion mav be treated with a
tumor dose of 3000 r i two weeks rather than m four weehs

The avatlabile chmca) evidence strongly suggests that an cven tugher
tumor dose to the primary lesion and regronal nodes will provide improyed
immediate benefits as well a5 longer remsions, At any dose level, the
planning, prescnibing, and deln ering of effective roentgen therapy always
demands panstahing care and slall The casual adummstration of “just
a few trearments” will almost mvarably resule in falure to henefir the
patient

In many cascs, a pair of opposing portafs, or a three-field techmque,
meluding the volume of the pnmary lesion and regional nodes, may be
the mont feasible becanse of the large tumar volume (Fig 1424 and By
A lead-rubber grd (12, 21, 36) can be quite helpful in avoiding unrow aed
shin reactions, but the dose to the shin through the open are1s ought not
to be carned much abose 15,000 r (Fig 139A) A muluple portal cross-
finng plan 15 most desirable whenever attunable but rotanon therapy 1s
currently regarded as the opumal method with comventional apparatus
(Fig 1398, C) Rotanon atfords an almost infimte vanety of treatment
plans including sernning, in combinition with fived portals (g 139D)

We do not regard supert oltage raduation as essential n palliatine treat-
ment of this discase  Nevertheless, 1 onr expenence, the single mast
vatuable measure for reducing local and svstemc complicanons and mak-
mg greater pafhation available to more patients has been the introduction
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19 139 Conventional Treafment Techniques

>

]

n

o

Lead-rybber grid employed with conventional (260-Kev}) machine for minimizing
skin damage, thus allowing delivery of more intensive radiation to deep-seated
neoplasm (“poor man’s supervoltage method™)

Mulnfield crossfire treatment utihzing hight beam localizer, plashc in pointer
steel back-pointer, and resin-plaster treatment shell for maximal precision and
daly reproducibility of beam alignment

Complete rotation (360°) with 260-Kev-reatment machine, providing the odvan-
tages of an nfinite nymber of crossfinng portals
Rotational setup for the scanning technique (180°)  Note resin-ploster shel
for immobilization of the patient and for support of the required wax bolus
m an area of wregular confour
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of one to threc Mev radiation (Figs, 140A, 1408, 141A). The chnical
and physical advantages of this modalicy wili be further discussed. Haas
(18}, Harvey (23}, and Watson (58} feel that very high energy radution
1 the betatron range (22-30 Mev) may further mprove results while
mmmizing further the side effects of radiation, both Jocal and systemec
(Fig 141B),

fig 140 High Erergy Treotment Techniques

A One million velt crossfire freatment  Note precision beam director designed
by one of the authors (B R), providing occurate and repraducible beam onenta-
#on in each of two planes

B Two million volt x-ray generatar for muli-portol therapy of deep seated lesions
Note precision devices, including light localizer plashc eone ond pin-and-arc
it (Courtesy of Francs Delafield Hospifol, New York Ciry )

SrLrcTion of Parients

Each patent has the night to be considered as an indwsdual when he
15 referred for an opmion as to roentgen therapy  He ought not to
be made the captin e subject of a “project” or bound by 2 ngsdly standard-
wed treatment policy  In patients with marked cachews, overshelm-
g disease, or advanced age, treatment should be generally withheld
Nee ronzing peripheral lestons, without aceess to a major bronchus, usually
do poorhh  The rarc alveolar carcinomas have not responded, nor have
we often been successful in controllng recurrent pleural effusion  The
manigement of intractable flmd accumulatian by means of radiosotopes
will be discussed in another chapter  If a target symptom or specific
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Fig. 141,
A Cobalt® Teletherapy Unit providing high energy radiation ot relotively fow
cost, with minimal local ond systemic reactons
B Twenty-two-Mev treatment uthzing x-rays from the betatron  The outstanding
choractenstic of x-rays of this energy s the skin-sparing actien, maximal fonizar
tion occurrng 4 em below the surface,

lesion has shown no evidence of impros ement by the time 3000 r {twmor
dose) has been delivered, there 15 no point 1n pursuing mere aggressne
radtotherapy  Treatment of patients with the Pancoast syndrome 18
usually difficult and unrewarding, particularly w ith conventronal energy
levels (200-260 Kev), However, with high nssue doses (50006000 1),
made feasible with 1 Aev or more, granfyimng symptomatic and ob).ccme
response can be seen (Fig 1374, B) Occasionally recalcification in ibs
parttally destroyed by cancerous mvasion has even been achieved (F1g
137C, D).

GFNFRAL ATAWNAGENIFNT

Whenever possible, patients recerning radhatton therapy shoutd }x: man-
aged on an out-patient basts in order to heep them associated with their
fanlies as long as possible  To this end supportive measures such as
control of anemma, 1mprovement of nutrinonal status, control of mfection,
and prevention of mental depression, are all beneficial \‘hlfh
today should be routne 1n management of these panents The dct:ult
of thus aspect of radution treatment of the pavent have been adequately
considered by other authors (38, 39, ).

Thus objective should not prevent the adnussion of a patient to the
hospital when his over-all conditton 1 such that the remauning nxuc]af
home 15 no longer pleasurable and profitable to humself and to hus fanmly.
Thus the patient under management for hus malignane disease, who con-
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finues to be anemic, malnourished, weak, and Dstless wall usually benefit
fmtde by attempting to stay at home while recensng radiation  In our
opintont he will be less Iikely to be benefited by radiaon  During hos-
pitaheanion, tus nutrigonal and other systenuc needs will be adequately
supplied, thus providing unproved tolerance towards the required treat-
fment course

RADICAL RADIATION THERAPY

Whar can the radiologst du for parrents with early broachogenic carcr-
ble and app T ble?  So long as thcmpeunc radr-
ofogusts ravely get to treat such patients st will remasn imposable to reach
3 sasfactory conclusion about the value of sadincherapy m the cure
of this disease It 15 well recogrized, however, that stage one squamous
cell carcimoma 1n other sites 15 2 radro-sulnerable disease, There 1s no
reason fo behieve thae stage one squamous ¢ell carcroma ansing in the
brouchus shatply modifies this geaeral olneniation.

What of the operable patient i good general condition whose feson
proves to be non-resectable, exther becaise of the extenvion of the primary
leston, or of fived regional lvmph nodes?  This ss 2 problem encountered
m about onc out of four pinents who reach the physian It 1s our
belief that n these inds rduals prolonganon of useful bife through early,
well-planned intensie raduation 15 g realistic and attanabide objectue.
Although the number of wefl-dotumented far orable reports 15 still smait,
radicat therapy continues ro gam wider support 1 many charcs both here
and abroad (1, 2, 5, 13, 15, 18, 19, 23, 24, 38, 31, S0, 51, 54)

An attempt ar cancerocidal treatment i yusafisble in the inoperable
pattent with mummal sy mptoms, because the best time to control cancer
is when 1t & first recognized—not lacer. Just av i maligrant discase else-
where, radtion s far more hhely to control small tumors than bulky
ones  Broohs and huis colleagues report that of the 126 non-resectable
cases rachcally treated, 18 4 per cent survrved from two o five years (2)
Sauthers notes thar of 192 inoperable cases recessmg radical trearment,
124 per cene surined two to seven sears after treatment (50)  On the
other hand, untreated patients will not often surine more than two years
after the dugnasts « established.

It 15 smportant to indiate that m the past, with the technuues then
at hand, aggressive treatment of lung tumors was rarely feasble  Severs,
acute shan reaction most frequcmlv f § of
Treatment schedules were unduly pmlnn"cd thus dmmimshing tumor
respomse, aceording to current concepts of optimal ume-dose rc].nmmhlp

Raduation sichness of greater or lesser seventy was encountered in two
out of three cases (1), sometimes proving an obstacle to completion of
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the treatment course.  In yecent years, radiological adyances hate par-
allcled the remarkable progress in thomcic surgery. Utlizing to full
advantage 1mproved equipment as well as knowledge m radiobrology,
radiation physics, rotanonal techniques, supervoltage radizting, and new
chemorherapentie adjunets, the radwlagise today 15 well prepared to e
plore fully the possibility of more effective trenment in carcinoma of the
bronchus,

CorpLICATIONS

It 1s the tolerance of the normal lung felf which remam today
the cnitical himmung factor to be considered in any reahstic cffort to
destroy the local lestion and 1ts regional nodes.  Radsition filirosis of the
lung 15 no¢ a frequent sy mptomatic complication, but it can be greadly de-
Libirating.  Howeser, successful resections of fibrane labes have been
reported (3, 4). The passible contobutions of sgents capable of modify-
g the resction of normal lung tissue to radiation will be discussed below.

With consentional radunon m the 200260 Kev range and pomls.af
moderate wize, the skin will show evidence of a smart erythema ms ohing
maost desquamacion at approimarely 3500~4000 ¢ (skin dnse), Such
patients are sametimes peremptonily withdrawn from the radqu\er.\py
schedule by alarmed practitioners who refer to this tissue reaction 2s 2
“burn,”  With the simplest of hygenic management (!urmg the acuze
phase, this complication will subside soon after completion of the treat-
ment course.

When superioltage radmunn 1s employed, only o nudd erythenn n;
bronzing 1s seen, even after skin doses approaching 600D rocntgens and
cmployment of large shin portah.  Radiation sickness is no Jonger 2
serious obstacle to radical therapy, since the advent of sterard and.clfcmrj-
therapy (10, 37). In fact, pattents treated with supers oltage radiation in
our chime rarely complain of this sy ndrome.

Dosice Lerets i
Eusting knowledge is far from complete concerning the optimal i

uonshp berveen turmor dose and treaument time chat appears mast 1.1\;1_»{
to control the local malignane disease  Available cv'ldcnn: snggests thal
for epidermord carcinoma i other primary sites, it may hie ‘be(\\;t:
5000 and 6000 r in five to siv weehs  As one approaches tfxcsc ineensh

schedules, treatment by conventional methods (200-260 l\fv) htcﬂ';’;’
ncreasingly difficelt and fraught with greater hazard to skin :m)d ‘:ml
~ormal tissucs. Lead-rubber grids (12, 21, 27, 34, 36, §2), nn “Pd o
crossfire plans, and rotational rechmiques (37, 20, 53) "J"C‘s’;“‘nmcs
mninize these rshs. However, with supers oltage radntion, it T
possible to deliver the deired deosage to most deep-seated lestons
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relanve ease, shorter time schedules, and tmmmal local and systemic
reactions  Telecurie therapy equipment, utilzing cobale 60, provides
radiation equnalent to that of a 2 Mev x-ray apparatus  When utihzed
with rotation umits, with the patent in a honizontal position, radical
therapy may be greatly facilitated (15). Txamples of rypical treatment
plans are illustrated in Fig. 142

TREATMENT PLANNNG

Although treatment techmuques are carefully individualized for each
patient, a gcncral pattern of minagement may ‘be briefly descibed  An
effort 1 first made to localize the site of the primary leston and regronal
nodes as precisely as possible, utilizing every avalable radiologic method
In this connection, the thoracte surgeon can be of great senice to the
radiologust, if he “pms” the definable margins of le disease
by means of meral clips or ridon seeds  The exact body contour i the
principal horizontal plane of the tumor is made with 2 quick-dry ing
resin plaster bindage strip and traced on a cenumeter-ruled planning
sheet  The landmarks of tumor and important anatomic structures are
drawn n on the hfe-size cross-section pattern

The mavmum, minimum, and average tumor doses are then preseribed,
mcluding the range of over-all treatment time, 1 days  The upper hiits
of permissible dosage to entical normal seructures are then clearly stated
The determination of the phy sical factors now to be emploved {portals,
angles, quality, ete ) 15 largel the outcome of apphed radiotogic physics,
utilizing avaslable 1s0dose charts for the radunan qualey on hand. The
result miay represent a sumple treatment plan of pured-opposing portals
(Fig 142A) or multiple crossfinng beams (Fig 142B), rotatiomal or
scanming technmique, a supersolrage phan (Fig 142C), or telecune therapy
(Fig 142D).

Whenever possible, one should utihze the advantages of mold tech-
nology  Indwidually constructed shefls of quick-drving resin plaster
handage (Fig 1491B) provide opportumty for three-dimensional treat-
ment planning, absolute unmobilization of the patent, and precisional
poreal or iy reproducible t the course
For application of wax bolus or protectie lead barners, the plaster shell
w mdispensable (Mg 141D).  Radiographic confirmaton of accuracy
of beam alignment 15 obtaned  Special devices for precise beam align-
ment are unhzed, mcJuding directors (8, 45), pu-and-are. and back-
powters (41) (Figs 141, 142)

During the course of theraps, evaluation of chmeal, radiologic, evto-
logic, and histologic response 15 secured regularly and recorded  The
treacment schedule may be madified according to the wtegration of these
factors as well as the patient’s sy stemic reactions.
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Thes 15 50 becawe the ratie of that energy to the energy depowted in
the surrounding noma svsue s smproved  Thas face carnes with i she
carollary that the systenuc effects of cadisuon, which may be ¢ fowtng
facior m the execution of the treatment plan, are sharply diunnished
Tor example, a plan of treatment may call for 600D 1 to 2 reasonably
targe yolume.  Anattempt to delner this duse with com epnenal radsonion
salt ususlly fail o0 be completed because the psnent may not tolerate
the tatal zmoyne ot encegy which must he deposited i bus body to delwer
6000 ¢ to the volume contamimng the tomor

‘With high energy radtanion, the shin tolesance 1 narkedly mmproved
becsuse mavimum sonzation now ahes place well bedow the shan sur-
face. ln chis connectron, the betatron (22-30 e ) offers the greatest
advantage to date with maxsmum 1otization +5 em belos the epiderans

Whether types of radiaton ather than photons (x-rays) wilt represent
an adiance m our abihty to help pavents with carcinoma of the hmg, s
far from clear av the present time. A tvpe of radiasion currentdy bemg
therapeutically tested i a Lmuted number of centers is the electron
beam generated either by betatron, synchfotron, or Inear aceclerator
There 13 no theorehic reason tw pate a sharp hralogicat diff n
response from that already seen with photems, smer fundamentath, the
exvchange of energy between a photon beam and the pavent depends
upon the production of dlectrons within the paear Thas, of one uses
electrons from the first, 1t 15 difficult o see how tus wal} resule m am
sharp brolagical difference in response  However, the phy weal properties
of electron beams, in contrast to photon heaws, are such that they have
a fisate vange that 1 2 funcoion of thewr energs, and thus may be ex-
pected to produce some pracucal changes it hae been shown m pre-
lutunary studies that che radiation from an electran beam, m nssue sub-
stitutes, 35 sirtuatly homogeneous from the suctace of the tsue substituee,
1€, the shap, to the maumal range of the dectron beam  Thus % 15 pos-
sble to wradiate 2 block of nssue with substantully oo depowtion ot
caergy outede that Llock of uswe  This »van conteast o the phaton
beany which, ta a first approxumation, deposts tes eacrgy esponentsally
throughout the patient

Whether the electron beam wan be unhsed 1o the great advantage
af patienes with cstanoma of the bronchus  not vet clear o s fo
vur epaon, the anatonue locaton of cancer of the bronches wakes 1t
unlihely chit the electran beam will come to phy 2 nujor role in the
management of these indn iduals

Usen farther mie the furare w the uthzanon of povinehy charged
paracle beams w duninction 1o the eleceron beam, which w0 compaced
of negatnely charged partides  Examplos are beams of peotons, deu-
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terons, or alpha particles  Here agam, the anatomic problems of dis-
trehution presented by tins makignant disease make it uphikely thar grear
advances wilf be associated vith improvement of the art of using these
beams 1n the treatment of human cancer, :

Thus, 1n the past, our attention has fong been concentrated op m-
provement n the source of 1wnizing radiation; this was the facet of the
prabiem obviously in need of improvement, and furthermore, could be
unpraved. As equipment hecame more pm\'erful. the 1ane of enesgy in
the tumor celf to the normal cell improved. This has resulted m sow
but steady progress in owr ahihity to trear successfully patients with can-
cer This phase of the art, we believe, has largely reached its end. For
the foreseeable future we have probably gamed the maximal Veacfits
that are to be obtasned by voncentrating our atcention on the sources
of external radiation.

2 Raduuon to the tmor ako may be given by combining extemal
3

radution with injected or msufflated radioactive el or comp

(45} Examples include smsaltation of colloidal radioacuve gold, sihier-
coated radiogold, or radiophosphotus 1nta the bronchus, or mjection of
lasger particles of these rad fals via the pub Y arery 19

selected segment of the fung, Dircer incerstitial jmplantation of radon
seeds and other radwactwe agents mto the tumor mass angd involved
nodes also can be accomplished. The chapter on radisotopes discusses
chese methads e detail. The principle here 1s to increase the dosage ta
the tumor and regional nodes, « hile attempung to spare the surroundg
normal structuces as much as possible. .

1. The prospects for 2 combined efforr by differing therapeutic mo-
dalimes should be mennoned,  One of these 35 combined surgieat and
radianon sttack on lesions whose opemability is borderlme. B‘.v means
of vigorous radsation prior to surgery, a cesiain fraction of this gronp
may be converted into surgically accesuble tumors Wond was suc-
cessful in five out of 11 such cases (63). Harc (19) and orhers are mak~
g a similar effort, uttlzing 1-2 Mev therapy This :\pprmgh, n ?ur
opimion, deserves to be explored in an orderly and systematic fashion
by other chstes Expenmentally a variety of chemotherapeutic agents
vatives, 6-mercapropuring, 8-a235¢1
thare, have been used
rted encours
o injure the
£ one, MATE

ncluding mieragen mustard and its ders
e, N methy! formamtde, and denivatives aof ure
combination with radrbion, Some investigatars have repo
aging sesults 128, 48) Since the concept of lartcmpnng‘t
cancer cell by two mechanems simulmnc’:msfly is an attractiv
studies of this type may be expecred in the future. .
Clinically the ;;csc of mtrng}:n mustard prior to radianon has dnii’:
found 2 pface. as discussed ahove, m the managerment of superior ¥

+ caval compression {49).
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Radioisotope Therapy
in Lung Cancer’

Berwsrp Roswir

GENERAL CONSIDERATIONS

The madioacsine notopes hne proved helpful i the management of
paveats wath moperable bronchis) cancer, selieving suffesmg and disabul-
1y and prolonging useful hife  1n this chapter we shalt review he ratron-
ale snd indicanions for the wse of theve agents, the technical factors to be
employ ed, the chinical adsantages to be evpeeted, and the posable nisks
mofved

Useful clincal applications of radiossoropes in the treaement of this
disease have thus far remamed linuzed n number and scope  This n
largely due to the physical and brological limtations of these agents, the
restrctions wnposed Iy the anatormie spread of disease, and the pauciey
of fundamental research wn this area, In view of the prescat meager
probability for cure m bronchnal cancer, ¥ 1 hardly surprismg that -
sestigators in nuclear medione have focused ther attention on more
frustful studies n other primary sites of mahgnane diease,  Nevertheless,
the growing need for pallation s » high proportion of the cases con~
tisues to haflenge the smuaginition ind shill of some experimental workers
m thy field

The palliatine benefis of exrornal radunion have been shown tom-
prove with an ancremse 1n the dose debivered o the ntrathoracse ramor,
but not wathout the rask of trauma to nten emag normal fung It would
appear advantageous. therefore, to enhance these henefits through the
further developnient of wrernal radinsotope therapy The selecove
Incalizanion of mtensne nuclear raditon to specfic lung segments and
10 regronal nodes has recenths been accamplished by a vanety of phn sical

* Urem the Radwtheraps Seruice and R Service, Yeterans Ad-

mmsteaeon Hospreal, Bromy, New York,

167
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Fig 143 tataplevro! Therapy with Ayt

Apparatus for intrapleurol edmmistration of radiogold eolloid i our loboratery by
meam of hydrostatic pressure of o sphon tystem  Note mossive lead chomber
shielding contaner holding Au**  Personne) reman ot a distance from the
ponem during treatment, for protechon from penetrgling gamma radiation  Com-
pare with Fig 144
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Fig 144 Intropleveal Thecapy with PR+
Techniqus for intrapleural use of rodioactive collosdal chromic phosphote (CHP120,)
@ our loboratory  Note the wse of o conventional 10.cc glass syringe, thielded
by a 10-mm plostic cylinder Completa protection agamst the pure beta radiotion
1 thus provided with relatve ease ond sofety of admmitrotion  The obsence of a
gamma ray component sparex patient and personnel the hazards of systemic radia
ton
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Prepanng, sthpmg. handlmg. admini«mrmn, and in ¢he anagement of
the patreny After treqe, .

The distribugigy, of ths AGent afrep inrmpleuml injection and jts yge.
fulness v 45 c\'pcnmenmny studied iy g l.rl:r)rarr:q' 012 humay subjects
with Malmane Pleara] clfumm, pnncip.ﬂl.\' of bronchngcmc ongin (45).

fter Temovyal of MNOSE of the fluid, 10-20 milicypeg of Crpxg, Were
njected Inslgmﬁc.mt Ievely of mdmncriwrv “ete foung i, the bloog,
trme, spleen, hver, and boge Marroyy, Sinilar Endmgs in dtsmburion
studieg have been feported 1 detaj} hy Root, e af. (41) ang McCarm.u‘k
and g co”cugucs 35) In all of OUr patienes there 55 2 remarkably
Prompe decrease of ra:linncrl\'xty in the pleuraj flurd \ jypy;
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1 seyery) clinies for Intraplenral 45 o, ell as INterstiyy) application, hye 5
chca) Appraisal hag 9t yer become Maable,

INTERSTITML THERAPY

In appm\mmcl_v 350 per cene of the eplored cages of hmnchiql can-
€8 the surpoor 'S confronted 1 ith g Bon-resectahle Pomary Jesion o
fixed regiona) l'\'mph nodes I such cases, Mportane palhatye bfncﬁfs
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a high e, ree of selectyye bera radation coylq be nero

d o,
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In recent years, a vanety of artificially made radwactive materials in the
form of seeds, grams, and wire and collowdal suspensions have become
avaifable for this function

Ramorernt Cotromar Gotp (Auf?)

It has naw become feasible to nfiltrate an accessible neoplasm with a
collordal suspension of radioactine matenal 25 a helpful adjunce to sur-
gical or roentgen ray therapy  Radioactne colloidal gold has been wti-
lized for this purpase with some measure of success m advanced carci-
noma of the prostate (28, 29) and n carcinoma of the female pehas (4%).
Tt may well be apphied by the thoracie surgeon, mn collaboranion with the
radilogist, at the ume of surgery for cancer of the lung, should the
primary lesion ot regional nodes he regarded as non-resectable.  Taphirz
has 1 face dessigned 4 remote-cantrol precsion injector for intersttiaf
or intracavitary mjection of Au'™—for use 1n the operating room (50).
The principal hminng factor 1n the we of a collowdat suspension for
direct nfiltration fes in the mbifity of friable tesue to contan the
fud wivch acts as a velucle for the radiwactne collod A further ditfi-
culty 15 that of adequate distribution 1 very farge tumor masses  Kerr
and fus cotieagues, for exunple, 1n treaung prostatic cancer, have found 1t
possible ta stenbze completely only stall tumor nusses by wadiogold
alone (29) T fesion, however, v notably and convstently radio-
resstant,  The greater vulneratnlity of bronclual cancer may provide a
more ferule field for this form of adjunct wniving radunon

Fxerrisck wim Cottonsn CrP 20,

A collodal suspenvon of radwactive collmdal chromic phosphate
(CeP1Q,) wans fint utihred for mienttial wreadiation of cancer 1 ex-
perimental ansmals by Alien. Hempelmana, and Womack (1) Climeal
miestigation of ths radrocoflond for interstitial use 1 our patients was
wiated 10 1952 ¢45)  The destrnetne action of P14 beta smssion m 3
sofume of tmor tsug s ifty times that of an equal quantity of Au™*.
The abnence of gamm radution makes i possible to handle CrPv0, i
an ordmary glhis sy ninge shielded by a ey Jinder of luaite 10 m, i thack«
ness Thus 15 m sharp contrast to the heavy lead shielding which makes
for awkward and wnwieldy hondhing of vy nnges contaming radiogold.
In 24 pauents with metastatic lesions from a vanety of prmary utes,
wcluding bronchogeme carcianma, this agent proved to be an effcctive
mterstital source of womzimng radunon Distnbunion studies rey ealed
wsigmficant [evels of radioacts iy 1n the blood, unne, spleen, lner and
bone mirrew Tt 1 of interest thar Jaffe by tecently desersbed tumor
regrosuon 1 18 of 28 pauents With prostatic cancer recening mterstitial
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mjections of CeP™0, (24). A three-year arrest of a malgnane mised
tumor of the rongue has been reporred by Mumma (39).

The lmitattons of radioactive colloidal chromic phosphate are the
samie as thase of ather radiacollonds intended for interstitial cancer ther-
apy. %e, the tumor surface must be iract, homogeneity of distribution
1s dufficult of atratnment, and the optimal dose (in microcunes per gram)
has not been well established.

Ruaioservr Gowp Sreps

Some of the hmitattons of furd agents for interstitial therapy may be
overcome through the mare precise implantation of radiactne gotd
seeds, supplying muluple uny intensis e sources of gamma rays (20, 40}
The beta parucles are shielded out by means of inactive gold sheathing
or tubing ~ Seeds of the required numbier and strength may he instantly
cut ta arder 1n the operating room from previousty irradiated gold wire

Despite these adiantages of radiogold seeds, their manuwal imphnun(zn
imolves the same mechanical and protection difficulties encountered it
the vse of radon sceds. A precian instrument in the form of 2 gun bas
therefore been developed for the speedy, safe, and accurate implantanon
of malaple swll saurces of radiation in the form of platinum-corered
guld grams (23).  Thr mstrument is of particular 1alue for the rype of
<alume muplane chae is mose hikely o be required in non-resectable hran-
chial cancor, It s always available ta the surgeon at the tme of explora-
tory operation

Qraer InTeestitiv AGFATS

A number of interestmg invesniganons are m progress, wvolving the
interstinnl of ather radi pes such as pathidim™™ (half-
life 13.1 hours, beta energy 095 Mev), tantalum®™® (hatf-iife 117 davS:
beta 0.5 Mey, gaman LI A'l'c\'). yetrum™ (half-hfe 2.54 days, beta t!jrrg}
218 Mev), and cobale (half-lifc § 3 years, grmma 1,17, 133 Mev), ;ﬂ
the form of grans, collowds, needies, wire, li':.\d\, and sceds The eardy
results of climcal trals will e awaited with rerest,

ENDOBRONCHIAL THERAPY

Expenimental mechods have been dcvdnpc‘d for delnersing m::;“:;
radiation via the transbronchssl youte to spccniﬁc Jung stgmtnﬁ ot
regomal lymph nades as well, using radivactn e isoropes A‘ic:ne: \c'ollnidﬂ
and ther colleagues (16, 17, 19, 36} .dcmonsrr,ucd rh‘n W \nu ot
suspension of rndmgald {(Au™) was introduced i this mans (cr\‘mi{nmﬂ\
was tapidly absorbed, lewing the mert radactn € nmen.\f i g
distibuted in the lung aleolt for a considerable number of days:
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delivermg mtensive jomzing radiavon.  Another radionotope of gold of
much higher acen sty {Au™) has been proposed for this function,  The-
oretically, a single lobe harboning a neoplasm could thus be selecon ely and
aggresssely arradizted should the lumen of the appropriate bronchus
remam patent,  Since a patene bronchus 15 an uncommon finding in this
disease, the obstructing tumor would need to be surgrcally fulgurated or
reduced 1n size by well-directed external x-radiapon At best, after
successful ahveolar depusinon, only the penphery of the rumor would
recerse adequate rrraduanion from the shallow tssue-penetranon of the
beta rays ot Au'™

The regronal Iy mph nodes recenve only a trnual amount of irradration
n this procedure because the gold collord takes from 10 to 15 days to
reach them and 1s 0o longer cﬂ'ccn\c This [mutatton might be over-
come by cniploying a more encrgenc bera emutier of much longer half-
hfe such as P* i collodal chromic phosphate  Howeser, Hahn and
hrs group (16, 17) chose to explut the physiology of pulmonary lym.
phanics  \When these i esngators deposited silzer-coated radiogold mro
the bronchus, this materul was rapidly transported via the Iy n!phams to
the regional lymph nodes  These nodes recened rcm:erahI\ hrgh radu-
non dosage, completely oblierating their archiutecture Tsen the contra-
lateral Iymph nades concenerated radiactivaty with greae frequency,
providing eloquent evidence of the hmphanc cross-drainage frequently
asutrted with prmary cancer of the lung and breast  Only negligible
quanntses found access to the blood stresm

Hahn suggests that radioacave colloidal sthver't (half-hfe 75 days, 106
Ales heta ray cnergy ) be employed in a stular nuanner opcrahk: pa-
nenes supected of ‘carly nodal imohement to be followed m ten days
to two weeks by preumonectomy (19), It 1 hypothecated that col-
lateral v mphatic drainage would eihe over i situavons where metastanic
tumor blocked the regular hmphat channel However, one could
hardh expect adequate mterstttial srradiation by ths method, were the
Ivmph nodes o be groshy myvolved by mabignane disease.

Solt snether mechad for specific irradution of regional Iy mph nodes
has been intraduced by Bryanr, Berg, and Chrstophersen (7)  Colloidal
radiogold was directly impected into the bronehual subntcosa of dags by
mewns of 2 fong needic mrrodoced through a bronchencope  The collmd
way carned tlmmlzh the lvmph channels to the reuprent aodes n high
concentration by means of phigocyoe actnity  Here agan, i nodes al-
most complerely rephiced by timor, @ appears quite unlihelv that Aut*
would be helpful

Contact readiation of carcinom of the major broncht by means of
radiocobalt (Co™) beads or pearks has been recently deseribied by Fischer
(%), n apphcator connting of several timy heads strung on 3 wire 1
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delnermg intensive jonizing radunion  Another radiosotope of gold of
much hugher actnity (Au'™) has been propased for this function. The-
oreticallv, a single lobe harboning a neoplasm could thus be selectively and
aggressnely irradiated should the fumen of the approprate bronchus
remain patent  Since a patent bronchus 15 an uncommon finding 10 this
discase, the obstructing tumor wobld need to be susgically fulgurated or
reduced m size by well-directed esternal x-raduanion, At best, after
successful alveolar depesition, only the penphery of the mor would
recene adequate uradianion from the shalfow tissue-penetration of the
bera rays of Au's,

The regional iymph nodes recenve only a trvnt amount of wrradtion
n this procedure becawse the gold colloid takes from 10 to 15 davs to
reach them and 15 no longer effective  This hmuation might be over-
come by emploving a more energenc bera emitter of much longer half-
lfe such as P 1n colloidal chromic phosphate  However, Hahn and
tis group (16, 17) chose to e‘(plmt the ph\smlogv of pulmnnur) () m-
phaves. When these iy d nto
the bronchus, this material was upldl\' transported via the Iy mphnnc\ to
the regional lymph nodes  These nodes recened remarkably gh radia-
nen dosage, completely obl, their arch Fxen the contra-
fateral ivmph nodes d rad 1y with great frequency,
providing eloquent evidence of the lvmphatic Cl‘()ss—dmlnﬂ“(: frequently
assoctated with primary cancer of the lung and breast, On\)' neghgible
quantities found access to the blood stream,

Hahn suggests that radioactve collodal silver!* ¢hadf-hfe 7 5 days, 1.06
Mey bera rav energy) be employved m a similar manner in operable pa-
nents supected of early nodal imolvement, to be followed 1n ten days
to two weeks by pneumonectomy (19) It 1s hy pothecated that col-
lateral lvmphatie dramage would take over i situations w here metastatic
tumor blacked the regular lymphatc channels However, one could
hardly expect adequate mntersutial wraduation by this method, were the
Ivmph nodes to be grossly imolved by malgnant disease,

Sull another methad for specific wrradianon of regional lymph nodes
has been itroduced by Bryant, Berg, and Christophersen (7} Collodal
radiogold was dieetly mydered into the bronchul submucosa of dogs by
means of a long needle mtroduced through a bronchoscope  The collord
was carned 1hrough the fymiph channels to the recypient nodes n hgh
concentration by means of phagocytic activity Here agan, n nodes A

most completely replaced by tumor, 1t appears quite unlihely that An™
would be heipful

Contact wradiation of carcimoma of the major broncln by weans of
radiocobale (Co™) beds or peatts has licen recently described by Fischer
(9)  An appheator comssting of several tmy heads SUIUNgG on a wire 15




378 RADIOISOTOPE THERAP)‘

Merodygeq With care Mnto ¢pe im‘iltrarcd bronchus under Huomscap:c
control, and Jef, 1 plce or sey era} hours un'ng 8enery) ancsrhem).
Cobalt“" ( half-hfc 5.3 Years) €mits pcnctrarmg £amm;y Tays of L17 Mey
and 1,33 A‘ICV, slmulatmg a radjym, Source, Such , Procedyge may pye
Imiteq apphcanon, bur Would Probapy, Serve ey s ap adjunce 4,
€\terngy Tadiayg, rhernpy.

he pomb:hty 2INg 3 g, Oactjy collojd,| Substance Within 4
Pecific '} Segmeny Via the llllrazwcn/u roure been TI0usly: cop.
sidereq Werer, Mall o) Particle, pre tly availaple (20-200

) W Pass thy, h th 1ung Capillay,, to fod, the Iy €L, Spleen,
and by, m 4 essful |, cu, locahzni of ap, dioacy o
!Sotope |, ith, gment of humgp Ung v a6 €ported by Mulle,

Osster (39 n 195y, unhzmg fadiozine (7n"') he fo, on-
solup), 1 Sulph ¥ mean d mmmeml)oh'srn, Tadio.
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m dmmer:r) and Myecteq hese Mo the lungs f four o e patienss b!
Cardiae cnthctenza . Th Catheer | as dirccredi 10 a mayy Pulmongyy,
artery or 4 branch o One repore, 5€, ntensye and combpne,
p lm'onary and plo ! raq,. 0N Vit 1, 0gold v, ,, employ o, full;)\l’::
¥ rea] 4 'Provems, Patieny, condition T a] atelectass g :;1 .
righe Iy, 8 Was Clegreq througy, destrucyy,, £ an invag, mor in b
Mmayy Onchys, Mtrodycy, f Stmifar radiomatey;
o }, hes ary o broncpyy Iteries 03 thoracic

ne, P
Surgery, Temaing ¢, be Undertafe, n patiensg Operat
haye 4 non»rcsecrablc lesion,

Preseat, p Uy hope for Prolongation of usefu] and C‘,’"'I‘Z“::’:’_e
Ung cancer hes 1n dcln'cnngl mimf
sive mdmtherapv to 5 selected BToup of gap mdtudfm{s \urg l:!)'l o
S¢ "entiong] rhcrapy (200-269 {\c‘ ) un, crr fh *
S can perf, this tagk ell 'In our apmxo’r:, hg:;:; tn.m.

Mose important advance m our abthty f0 admnjseep such ry,
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ment—approachmg cancerocidal dose fevels—has been the unlization of
high energy radiation, in the mnge of 1-3 Mev  Such radirtion has greater
“reaching power™ for dccp-sczled lestons, excites only mild skin reac-

nons, and induces minmal systemic & fort. Qur own exp
with this modatity has comvineed us that the palliatve benefits of roent-
gen therapy may thus be apprecaably enhanced A more complete dis-

cussion may be found in the chapter on radiotherapy.

Cobalt™, produced n the nuclear reactor, provides an economic substi-
tute for a 1-2 muilion \olt X-ray generator, and is rapidly becoming more
widely avahble (4) Early chmeal reports emphasize the ease and
factbity wath which relief can be provided m the majonity of pauents so
treated (11)  Mounted m a revolving head, cobalt™ affords the addi-
tional advantages of rotanon therapy with the panent in the rechining
postion  Its principal disadvanages include relatively low outpur of
present sources and large penumbra  These are of a temporal nature and
will be largely overcome a5 soon as cobalt® sources of much greater
specific actvity and smaller focal size become generally accessible.

Other promising sources of high energy nuclear radnnon mclude
indium?®2, now unlized m England (10), and cestom®® (half-hfe 37 vears,
energy 069 Mev), now under imvestiganon by the United States Atomsc
Eoergy Commisnion

FUTURL PROSPECTS

Winle the role of the pes m the adjunct of the
intrathoracic Jesion appears \ersatile and promising, these agents all have
the same outstanding shotrconung—mability ta cope With widely gen-
eralzed cancer  Sooner or later~generally within less than two years—
nine out of every ten panents will deselop 1naccessible remote metastases
This 15 the heart of the problem  As yer, there appears to be no imme~
dute prospect of specific localization of mtensive nuclear radanon m

prosiding a “carner” substance to brng anmihilating radiation to remote
tumor foer

In the meantime, there 1s a rapidly mounting number of such patients
(25,000 1 1954 1 this country alone) who demand our best effores for
the control of thewr distress and disability, and for possible prolongation
of useful hfe  Oprimal combunations of nuclear radiation and Toeatgen
therapy, surgery, and chemotherapy, must soon be found to afford maxi-
mum palliative benefit for such mdwviduals (33, 34, 44).
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essential for life, the growth of the normal wssue and s neoplasne

analogue can be mhbited without jeopardizing the survival of the host.

Th\s rhcmpcunc siuanon hns been achieved successfulh' n sev eml ypes
- .

functional thyroid Jcnnncn, 10 which radioactive sodime 1 concentrated
m the cancer as wefl as i the normal thyroid gland, with resultant severe
damage to both structures.

1f the binchenuceal properties of the neoplastic cell thar render 1t 1ul-
nerable 1o certain drugs are simslar to those present m ital sormal bs-
sues, the therapeutic situation 15 far more difficult, 2 sausfactory hut
partal result will depend on some quantitatne difference betwcen the
suscepninfity of the normal and cancer cefls  This mechism appar-
ently operates, for example, m some pauents with acute fevkemia, in
wham the requirement of the leuhemic cells for folic acid compounds
appears to be much higher than that of the normal blond-fornung ns-
sues, so that the adnunstration of the folic aud antagonists (methotres~
ate®) may temporanly ehnunate the great majonty of leulemic cells
without nterferng with normal hematoporesis. [t aiso operates m chronie
lymphatic leukemsa, where the leukemic cefls may be extremely vulner-
able ta triethvlene melimme (TEM}. so thae the feulemie process
almost obliterated, with actual smprosement n normal blond cell forma-
ton

In planning a chemotherapeutic atrack on lung cancer, 1t would be
desirable, at the ounsct, to be able to demonstrate some charactenstic
biologre propersy of this form of cancer While the state of our know -
edge tung cancer i p d i detail elsewhere in thyy vol-
ume, some opimons as to 1ts morphology, biochemical abnormalimes,
growth characterstics, functional properues, and blood supply may be
broadly summarized here

Morphology Carcinoma of the lung anses from the broncht or biron-
chioles  More than 80 per cent of lung cancers are classified as eprder-
maid of the oat cell, 2napl or cell vaneues (15).
These tumors, as far as we know, have no chnr’lcternncs distinguishing
ther from other epidermond carcinomas of the upper respuratory tract,
mouth, or esophagus  Termnat bronchsolar carcimoma may possibly fall
mto a different category.

Biochenncal abnovmalities There are few 1f any data m man indicat-
g that bronchogenic carcinoma has disnctive biochenncal praperues

‘Grouwth charactersstics Lung cmcers have survey ed better d\an most
other hutan tumors whien expl d to the ch of
the chick embryo (13) (Tig 145), although these tumors could not be
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Fig 145  Histologic appear-
once of human lung cancer
explanted fo the chorioal-
fontoic  membrane of the
chick embryo

A Biopsy, supraclavicular
node.

B Section of ftumor ten
doys after explantation
to the choroallantore
membrane  Note the
miohe figure  The tu-
mor was explanted in
the eight-day embryo

Higher magmification of
o ftrpolar mitosis
a tumor cell surviving
on the choncallantore
membrone
This tumor did not grow on
subsequent transfer i the
chick embryo
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mantaned by conuntious transfer from egg to egg. Toolan (25) has
found that human Jung cancer will grow 1n many mstances when trans-
planted to the cortisone-treated rat and hamster  Such a high degree of
aatonomy on heterologous transplintation suggests that most broncho-
genic carcinomas do not have any special growth requirements or de-
pendencies on host factors. The development of transplantable human
lung cancers 1 anunals may facthtate the laboratory tal of chemo-
therapeutic agents agast this farm of cancer

Functional properties There 15 no evidence that bronchogenic carai-
noma has any spectal functions, concentrates particular substances, manu-
factures special secretions, or has any unusual requirements for chenucal
precursors for cell growth and muluphcation  Since lung cancer 1s
more common i males, some relation 1o sex hormones has been sug-
gested, but while sex hormones may have some role in 1ts ongm, altera-
tion m the environment of the established cancer, by castration or estro-
gen therapy, has been of no clinical benefit

Blood supply. Tumors require, of course, a blood supply for growth
It has been possible to delner a lagh concentration of some drugs such as
mtrogen mustard, to the tumor-bearing avea by intra-artenal njection
(1, 14).  On this basis, 1t has been suggested that jecting a chemucal
into the pulmonary artery to the lobe containing the cancer will expose
1t to 2 high concentration of the agent (18) Several studies (7, 27)
have demonstrated, however, that pniman bronchogenic carcinoma de-
tnes 1ts blood supply from the branchual arteries, which anse from the
descending aorta  As the tumor grows these vessels enlarge to accom-
modate 1t The bronchial artery drains i large part into the pulmonary
vemns It 15 probable, thercfore, that chemicals njected mto the brachal
vem, or a pulmonary artery, will raverse the aerated portion of the lung,
and then drain nto the pulmonary vemns without coming mnto direct con-
tact with the tumor  The tumor would subsequently recewe through
the bronchial artery the same concentration of the drug as the other tis-
sues of the body. In order to achieve a ngher concentranon of the drug
m the tumor, 1t would be necessary to myect the approprute bronchial
artery, 2 much more difficult technical pracedure It may be possible to
modify the blood supply to the tumor so that an effectuve agent could
be delnered directly to the rumor m hugh concentrations (24)

A number of other general studies on cancer chemotherapy may find
some direct application to the treatment of lung cancer. One approach
15 the study of cancer cells for specific antigens which may be used to
stumulate anubody production (20)  Tumor suspensions have been in-
Jected nro ralibuts, and the resultant antibodies punfied to obtain the

con of ! anubodies  These anu-
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bodieg are alsg tagged With mdiuncn'\'c isoropes, SO thay the tumor cefys
may pe radiateg by the Specificalyy, localyze, Nttbodies,

Cerrapn Viruses have been shown o cayge necrosis jy fransplangap g,
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can selccmcly dcstmy Cancer ¢efts N genery), or som, forms of Cancer,

l‘f\tcnsnc CMPirycg) l.xbr)mrury SCreenin, Programg are cndcnmrmg o
discoy op More ¢, ene chcmmhempcunc agents, 8reat numpey of
Chemyeg) and bmlng:cal substances are hcmg tested for their Chemothey,
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been fracuionated m four daly doses of 0.1 mg /Ag, but mare recently
we have giea the ennre course (04 mg ‘hg ) 1 2 single sjecion The
nausea and vonutmg followmyg the large dose 15 10 more severe than
after each fractionated dose, the therapeutc response accurs more rap-
sdly, and the pauent 15 spared a protracted course of treatment  The
large dose is onh mdicated, however, 1f the patient shows no evidence of
imparred hematopasesss

Naesea and vomting usually, but not alwavs, follow the injectron of
Mustargen®, accurring within one-half 1o rwo hours following 3 dose
of 03 mg /hg and several hours after the fractonated dose  Thas reace
tion niay be dimawshed by wyecting 0250 gnr sodium amy eal or 0120
gm sodwm luminal meramoscularhy shortly after the Mustargen® in-
jectton, and the sedanive 1 repeated m two hours it vomuong » sesere
Thoraziae®, 0025 gm mteamuscularh . mav be gren on the same sched-
ule Mustargen® 15 often gnen late 1n the afternoon or evening and the
patient sedated during the might, th the near morming the pauent has
usually recovered from che nuusea aud vomiting

The mast seitaus tovee effect of Vustargen® s damage to the bone
marrow  While the drug acts on the hemaropumene cells wahm a few
mmuees after injecnion, the exidences of bone marrow depresnan slowly
evohe in che penpheral bload, and the mavimal effects wsually oceur
two o three weeks after mjecyon. At the recommended dosage a mod-
erate leucopema and thrombocy tupenta deselop, and reconery s rapd,
whereas excessine dases will cause severe lewcopenia, thrombocy topenta
with petechue and other bleeding manifestations, and anenua, a syn-
drome which can be faral  Bone nurron depression i thus the himting
factor i dosage  The recommended dnsage of 0.4 mg hg. has been well
tolerated 1n pacients with lung cancer and larger doses have been given
m some chmics (2, 4) It s preferable, however, to wart o to four
weehs after 2 course of Mustasgen®, and of the perspheral blaod count 15
wot appreciably depressed, and of chnically indicated, another course of
Mustargen® may then be ginen

Mustargen® zcts systemically and its adherse effects are seen prinespally
an cells w huch are undergorg rapd muluphcation, as well as on the con-
sttuents of the lvmphatie and b tusyes s therapeun
action  lung cancer may, therefore, be v ofold 1) 1o temporanly
damage o wiubst the groweh of the lung cancer cells, and 2) to dimin-
wsh the inflammuatory reaction around the tumor and 10 the local lymph
nodes A shght, and often objecuvely measurable, reduction of the bulk
af the tumar and the mfmmatory resccon 10 the complex and strategic
areas of the thorax often results 1n niarked symptomatic smprosement
The usual therapeutic effect lasty from tno to eight weeks, and subise.
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severe, some patients seem to absorh the drug completely, as suggested
by the definte leucopems which appears  Intrapleural Mustargen® 15
probably of some chmcal value in Jess than 25 per cent of the patients
with recurrent pleural effusion from lung cancer, 1ts ment as compared
to radioactne gold has not been determmed

Triethylenc Melanmne (TEM)  TEM 15 smular to mtrogen mustard
i 1ts therapentic effects, and tt can be given orally (6, 11, 22) It s
avatlable 1 5-mg scored tahless  The wsual procedure s to take cach
dose about one hour before hreakfast on an empty stomach It 15 taken
with plam water, since TEM 15 highls reactive with orgamc matentals  In
somie climcs 1t 1s gren with 2 gm sodinm bicarbonate, because 1t 15 not
reactive m an alkaline emvironment (11)  Absorption of eral TEM s
rariable, and dosage mwst be carefully controlled  As with mitrogen
mustard, excessive dosages will produce a delayed and severe bone mar-
row depression

The usual dose schedule 15 5 mg TEM for two days, and then the
patient is scen at weehly intervals and a blood count tahen If the len-
cocyte count 1 unchanged and the patient 1s not improted, further TEM,
m 5 to 10 mg weckly doves, s gnen  The usual total dose tolerated
1n the first month during a course of treatment ranges from 20 to 40 mg,
but some patients have required much larger doses  The clinical response
to oral TEM wsually occurs slowly over a penad of two to four weeks,
and 1, therefore, rarely as strihing as that following intravenous Mus-
targen® (11) TEM can be gven as maintenance therapy 1f a favorable
response occurs  In general, we prefer the use of intravenous nitrogen
mustard  The entire course of treatment may be given n a sigle in-
jection, and improyement, If 1t oceurs, 15 prompr

There are a number of other pals functional allvlanng agents, mclud-
g triethylene  phosphoramude,  thiotriethy fene  phosphoramide, and
p-(N.N-ds-2-chloroethy l}ammo phenvibutinic acid (CB1348)  There
15 r;?r:;'ldcnce that they are therapeunically supenor to Mustargen®
or B

APRFNAL CorTrcaL STEROIDS

Cortisone, hy drocortisone, and related steroids do not appear to hate
any specific effect on lung cancer  Ther use mn certan sitwations 15
justtfied a) n pattents reeening mtensise \-ray therapy to the lung,
cortisone has been given during or following v-ray therapy to reduce the
mflammatory reactton 10 the pulmonary bed, b) adrenal merastases arc
frequent 1n lung cancer, and 1 some cases adrenal cortecal msufficiency
may be present, although difficult to diagnose—cortisone wili correct this
difficulty, ¢} 10 prtients with far-advanced disease, cortisone may exert a
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TABLE Xill

CuemorHeRAPELTIC PRoczot nes Usen 1v Mrrastavic anp LympromaTous IavoLvemsnT
or me Lise (8, 12)

Diagrosss Speutfie Chemotherapentsc Measures
Carainoma of breast Fitrogens, androgens, adrenal steraids and surgieal ablatve
procedures s hy poph )
Carainoma of prostate Estrogens and/or castranon
Carcinoma of thyroid Radioactn e sodine
Lymphoma Nutrogen mustard, TESI, and refated compounds, adrenal ster-
ouds
Leuhemra
Chronic mvelord Myleran, urethane, TEM, 6.mercaptopurine, Fowler's solution
Chromc 1ymphane TEML adrenal stcrods
Acute Amethoptenn, 6.mercaptopurine, adrenal stcroids
SUMMARY

X-ray therapy 1s the major method of palliation n non-resectable pri-
mary or recurrent jung cancer  Nurogen mustard, TEVM, and related
compounds, and the adrenocorucal hormones, may be of benefit, but the
response 15 usually brief and there 15 no asstrance that treatment appre-
cably prolongs ife It 1s essentnal to progress, howeser, thar we mten-
sify our atrach on this disease and studs all possible methods that may
contrbute to 1ts control  From the patient’s point of view, i most in-
stances it ts desirable o maintam an aggressise therapeutic approach, and
to use the avatlable methods as effectivelv as possible to relieve discomfort
and to sustain morale
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nonspeaific supportive effect. The dosage of cortisone is usually i the
range of 100 mg.,day but if this is not effective, larger doses have been
ginen  Higher dosage, of course, may induce physiological disturbances
ind increase the susceptibility to infection.

CoNIHINATION AND PrOTFCTION STUDIES

The use of mrrogen mustard in combination with x-ray therapy has
iready been discussed  Besides the climeal advantages, nrerogen mustard
ind v ravs have some additn ¢ effects as far as damage to the tumor celi
i concerned, although there is no evidence thae this combination hz's
pralonged Wfe  Mitchell (16} has used Synkayvite, a synthetic vitmin K
ro sensinze the tumor cells to the action of x-rays. In a series of 47 cises
he ohtained an aserage prolongation of four to five months in survial
over patients recenang x-ray therapy alone, While he concluded thit
the use of Synkavvite produced a small but useful prolangation of e,
the evidence 15 not contncing.

Wenberger, et al (26) has shown that L-cysteine protects anumls
wamst the bone marrow depressant actwity of Mustargen®.  They s
gested that the use of Lcysteine in man would protect the bone marrot
wainst the tove effecrs of nitrogen mustard without dummphing the
effect of the drug on the lung cancer. This 15 actually no sapsfactory
evidence for a selective protective action of cysteine on the bone {mr-
1ow, and 1t seems dikely that cysteine will diminish the tovcity of nitrd-
gen mustard for both the bone marrow and the tumer.

Other chemotherapeutic agents. A number of other agents hcn'f bf‘“
tested aganst lung cancer, meluding the folic acyd antagonists, dismino
dlcl\]omphen}’lp\‘hnndme, 6-mercapropurine, and azaserine, but there ¥
no evidence that they evested o favorable effect on the discase.

CANCER METASTATIC TO THE LUNG

It 15 important to estabhish the site of origin of non-tesestsble ca"“;
m the lung before nuating therapy, For primary lag cancet o
mestatic epidermoid and adenocarcinomas from most swes, the U
ments avatlable, and their limitations, have been descnbed. Some "“P:s
of metastatte carcinoma, ncluding those ongmating in the Pmsm:.
breast, and thyroid, may respond to specific measures, and ther “5
several drugs which occastonally evere favorable effects on the imphe™”
and leukemas. It is emphasized, however, that in most instances o
are the most satisfactory form of trexement, The available chemothers”
peutic agents are summarized 1n Table XIL For detatls, sce chapte? -
secondary cancers of the lung
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TABLE Ay
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nonspecific supportive effect. The dosage of cornsone is usually  the
rge of 100 mg..day but if this is not effective, larger doses hae beea
green Higher dosage, of course, may induce physiological distutbances
wd increase the susceptibility to infection

Conimnation anp Prorreiton Stupirs

the ise of mitrogen mustard 1 combination with v-ray therspy has
endy Leen discussed  Besides the clinical advantages, mtrogen mastard

Vi s e some additn e effects as far as damage to the tumor cells

convarnad although there 1s no evidence that this combmation has
jongad bte Miechell (16) has used Synkayvite, a synthetic vieamn K.
tosenan#c the tumor eells to the action of A-rays. Inasenes of 47 ciset
e obruned i an erage prolongation of four to five months m sunfidl
tRel patients recenng N-ray therapy alone.  While he concluded that
the e of Synkavaare produced a small but useful prolongation of e,
the cvidence s not convmeing. .

Wanbasger, er al. (26) has shown that Lecysteine protects animdls
iz st the hone marrow depressant activity of Museargen®  They sug-
eotad that the use of L-cysteine in man would protect the bone marros
e the tovie cffects of nitrogen mustard without diminsshng the
flect of the drug on the lung cancer. This is actuaily no satssfactor}
wvadence tor a selecne protective action of cysteine on the bone mst-
tow, and it seems likely that cystemnc will dunmish the tovicity of nre-
gen mustard for both the bone marrow and the tumor.

Other chemotherapeutic agenrs. A number of other agents have been
tested againat lung cancer, including the folic acid antagonists, Qumiso
dichloraphenylpyninudine, 6-mercaptopurime, and azaserne, but chere &
1o evidence that they exerted a favorable effece on the disease.

CANCER METASTATIC TO THE LUNG

Tt 15 important to establish the site of origin of non-resectable ¢ance!
n the lung betore micating therapy. For primary lung cantes zt‘
metastatic epidermord and adenocarcinomas from maost sites, the 1
ments available, and their hmitations, have been described. Some ope
of metastatic carcmoma, mcluding those originatmg s the prostie
breast, and thyrod, may respond to specific measures, and there ms
several drugs Which accasionally exert favorable effects on the lympho™
and feukemns, 1 1q cmphnslzc'd‘ however, that in most instances s
are the most satisfactory form of treatmeat. The available chemorbets
peutic agents are summarized in Table XI11. For detaits, see chaper ©
secondary cancers of the lung.
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TARLE A

Dragnogs; Speerfic CEOmOrherapen Measure;
Caranomg o breas; Estrogens, 204085, agrenay S0y and g0 ablatve
Procedyes (ovxnecrom\, zdremlccrorn), hvpuphv\zcromv)
Catanomy of Prostate Fstrogens ang OF castrapion
Carcinomgy of thyrg,g adioace vy Todine
erphom: Nitrogen mustard, TEM, and relareg ompound,, adrenal grey.
ords
Leukem,q
Chronyc Myelod A leran, vrethane, TEM, &mercvpropunnc, Foulers solution
Cheomc s b TEM, adrenyy sterond,
Acure

Amethopeny, APy, ren srergyq,
- -
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Xeray rhcrap} IS the nigye, Method f Pathazion BOn-resec appe pr-
mry or Tecurren tung Cancer N.rrogcn Mustarg, TEN, gng related
compounds, and the adrc!mcurncal hon‘nnncs. may he of beneﬁr' but the
Fesponse i Usually pryef and there s no Asurange thar treatmene appre.

hfe gp o essentiaf ¢, Progress, by CVer, that v ¢ inten.

ol ,
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N Morale
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pompecific supportne effect The dosage of cortisone 15 usually in the

nge of 100 mg.,day but if this 1s noc effective, larger doses have been

ven. Higher dosage, of course, may induce phystological disturbances
increase the susceptibility to mfection

~ATION AND Protiction Srupts
1se of mitrogen mustard 1n combination with x-ray therapy has
been discussed. Besides the clinical advantages, nitrogen mustard
¥s have some additive effects as far as damage to the tamor cells
erned, although there 1s no evidence that this combinatton has
d life Miechell (16) has used Synkayvite, a synthetic vitamin K,
ze the tumor cells to the action of x-rays  In a series of 47 cases
taincd an average prolongation of four to five months in survival
patients recoiving N-ray therapy alone. While he concluded that
¢ wse of Synhayvire produced a small bur vseful prolongation of hfe,

the evidence 1 not convincing

Weisberger, er al (26) has shown that L-cysteine protects animals

aist the bone mirrow depressant activity of Mustargen®. They sug-

ted that the use of Le¢ysteme m man would protect the bone marrows
gainst the tovic effects of mitrogen mustard withour dimimishing the
effect of the drug on the lung cancer, This 1s actually no satisfactory
evidence for a selectine protective action of cysteinc on the bone mar-
row, and 1t scems likely thar evsteine will dimmish the rovicity of nitro-
gen mustard for both the bone marrow and the tumor.

Other chemotherapentic agents A number of other agents have been
tested against lung cancer, ncluding the folic acid antagonists, dramino
dichloropheny Ipy rimtdine, 6-mercaptopurme, and azaserine, bur there 15
no evidence that thev exerred a favorable effect on the disease

CANCER MI'TASTATIC TO THE LUNG

It s inportant to establish the site of origin of non-resectzble cancer
n the lung before miiating (l\cmpy For pnimary lung cancer and
metastatic eprdermord and adenocarcinomas from most sites, the ereat
ments avalable, and thetr linmtattons, bave been described. Some types
of metstatic carctmoma, including those originaung in the prostate,
breast, and thy rowd, may rcspund“m specific measures, and there art
several drugs which occastonally exert favorable effects on the Iymphomss
and leukermuin It s cmphmzéd. however, that m most instances “I¥S
are the most sinfactory form of treaument  The available chemotherd-
peutic agents are sumnuinized n Table NIIL  For details, sce chaper o
secondiry cancens of the lung.




CHFMOTHFRAPY OF LUNG CANCER 395

TABLF XIII

G e P Usso sv M AnD LamrHOMATOUS INvOLYEMFNT
or e Liss (8, 12)

Diagnosss Specsfic Chemotherapentsc Measures
Caranoma of breast Estrogens, androgens, adrenal sterouds and surgical ablanve
procedures R By pophy sect
Caranoma of prostate Fstrogens andor castraton
Carcinoma of thyroid Radroactive odune,
Lymphoma Nitrogen mustard, TEM, and relared compounds, adrenal ster.
oids
Leukerna
Chromc my cloid Myleran, urchane, TEM, b-mercaptopurine, Fonler's solution
Chronic ymphane TEM, adrenal sterords
Acute Amethopeenn, G-mercaptopurine, adrenal steroids
SUMMARY

Xeray therapy 1s the major method of palharion m non-resectable pri-
nmary or recurrent lung cancer  Nitrogen mustard, TEM, and related
compounds, and the adrenocortical hormones, may be of benefit, but the
sesponse 1s usually bmief and there 15 no assurance that treagment appre-
cuably prolongs hfe It 15 essential o progress, owever, that we nten-
sify our attack on this dsease and study all possible methods thar may
contribute to s control. From the pauent’s pomnc of view, in most in-
stances tt 1s deswrable to mantatn 2 aggressise therapeutic approach, and
to use the avatlable methods as effcctiely as possihle to relieve discomtort
and to sustais morale
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TABLE Aill

G P Usep 1v M sl s Ierowvement
or mie Line (8, 12)

Dragnosts Spectfic Chrmatherapentic Measures
Carcinoma of breast Estrogens, androgens, advensl sterads and. surical ablanve
procedures .
Caranoma of prostate Estrogens and/or castration
Carcinoma of thyroid Radioacnye 1odine
Lymphoma Nitrogen mustard, TEM, and related compaunds, adrenal ster
ods
Leokemia
Chrome myeloid Msleran, urcthane, TEM, 6 mercaptopunine, Fowler's solution
Chrotuc 1y mphatiec TEM, adrenal steronds
Acute Amethoptenn, é-mercaptopunine, adrena) sterords
SUMMARY

X-ray therapy 1s the major method of palhianion m non-resectable pni-
maty or recutrent lung cancer Nurogen mustard, TEM, and related
compounds, and the adrenocarucal hormones, mav be of benefit, but the
response 15 usually brief and there s no assurance that treatment appre-
cubly prolongs hfe It 15 essential to progress, however, that we intens
sify our attach on this disease and study all possible methods that may
contribute to 1ts cantrol  From the patient’s pont of view, 1n most -
stances it 15 desirable to mantain an aggressive therapenuie approach, and
to use the available methods as effectn ely as possible to relieve discomfort
and to sustam morale
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TABLE X1

Curmornenarernic Procepiaes Usen av anp L 51
or tHE Lune 18,12}

Inagno: s Spectfic Chematheapeutic Measures
Carainoma of breast Estrogens, androgens, adrenal steroids and surgical ablanve
procedures . by poph
Carcmoma of prostate Estrogens and o castration
Carcnoma of thyroid Radioacse rodme
Lemphoma Mitrogen mustard, TEM and related compounds, adrenal ster-
ods
Ledkemiz
Cheome myelosd Myleran, urechane, TFM, 6-mercaptopunne, Foler's salution
Chrome lvmphanic TEM, adrensl steroids
Aowte Amethoptertn, b-mercaptopurine, adrenal steroids
SUMATARY

Xeray therapy 15 the myjor method of pallation m non-resectable pri-
mary or recurrent lung cancer  Nitrogen musrard, TEM, and related
compounds, and the adrenocortical hormanes, may be of benefit, but the
response 1s usvatly brief and there 15 nu assurance that treatment appre-
cably prolongs hfe. It 15 essential to progress, however, that we inten-
sfy our attack on this disease and study all possible methods that may
contribute to 1ts control  From the patient’s pomt of 1iew, m most m-
stances 1t 15 destrable to maintam an aggressi e therapeunic approach, and
to use the avarlable methods as effecenely as possible to reheve discomfort
20d to sustam morale
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Medical Management
of the Surgically Incurable Patient

Epcar Maver anp Joun LaDue

The fact that 90 per cent or more of the patients with lung cancer are
ac present surgically ancurable, and that their total number is steaddy m-
creastng, mdicates the need of an actve pragram for their terminal care
emplaying esery feastble pallatve measure,

In the management of any patient with lung cancer it is fine mcum-
beat upon the famly physician and the chest mternist that they share
with the surgeon the responsibihey of decision as to surgcal intervention
Therefore, they should be thoroughly familr with both the indications
and contraindications for surgery

Although the findings that indicare inoperability have been taken up
m the chapter on surgery, we constder it essenia to fist them here to
emphasize to the practitoner and chest internist the importance of search-
ing for such evidence. With thes information at hand they wilt then
be able to judge the advisatnhity of surgery,

The presence of distant metastases from lung cancer contraindicate
surgery i all but the rare instance when significant palhation may be
secured surgically, The more common distant metastases and the indrrect
evidence that pomts to thew evstence are here enumerated. (\Vhen
possible, bropsy of such lesions 15 desirable.) X

L. Palpable firm and large lymph nodes 1 the cervical region or just
behind the clavicle (the softer nodes are less hikely to contain metastane
neoplasm, especrally those felt mn the avllary region).

2 A nodular or grossly enlarged Inver. .

3 Brain metastasss, often evrdenced by a recent locahzed and persistent
beadache, nauses, vomiting, drawsiness, or more localizing symptoms or
signs  Abnormal skull radrogram, lumbar puncture, or electroencephalo-
gram will help to confirm such a diagnosts

4 Bone metastasis anyw here, but more commonly in\'olnngn sertebral

398
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body, nb, shull, or petvis accompanied by fustory of localized and re-
current pain of recent onset and often with radiographic changes

. Suprarenal metastasis with occult or full-blown mamifestation of
adrenal deficiency

The b that dicate moperabihity are,

1 Paralysis of the left recurrent laryngeal nerve, in a pavent with
recent onser of hoarseness or where bronchoscopy shows vocal cord
paralysis,

2. X-ray or other evidence of nb or other bony destruction

3 Esophageal constriction or displacement by lung cancer, often ac-
comparued by dysphama

4. Chnical and radiographic signs of pleural effusion, often bloody,
and contaning tumor cells (operable only on the rarest occasion)

5 Radiographic or chmical signs of supertor vena caval involvement.

6 Signs of mfiltration of the chesc wall, brachual plevws, or of sym-
pathetic chain accompany ing apical sulcus tumor

7. Radiographic signs of defimte hular Jymphadenopathy, separate from
the pnmary pulmonary cancer

8. Radiographic or Jlimcal signs of bilaceral meduastnal 1y mph node
enlargement accompanying a known lung cancer.

{Paralysis of the phrentc nerve dogs not necessartly indicate inopera-
biliy of the leston 1s otherwne operable, hibewse hemidiaphragmanc
paralysis does not necessarily mdicate malignane muaston of the nerve )

9 Bronchoscopre findings of marked widening of the canna ar the
tracheal bifurcanion, with mflebsliey of the lower trachea and mam
bronchr or defimite bronchil fisaton, are generally due to mediastinal
metastases

10 Bronchoscopic evidence of insaston of the trachea

In evaluating the possible sigmificance of any one ot these findings, the
chnical picture as a whole must be tahen into consideration before one
decides chat the lesion s definitely moperable  In borderhine cases, scalene
node biopsy and exciston of some upper mediastinal connectnve or lym-
phatsc tssue through a cervical masion may be recommended

It 1s furthermore the parttcular responsibility of the general pracu-
tioner and chest mternust to appreciate the operative riskh when a question
eusts regarding the patent’s general condinon The possible benefit
denved from surgery must naterally be considered m relaton to the
hazards mvolied  The operatne rish s often dependent to a great extenc
Upan the presence of 2 complicatng disease such s serious heart disease,
especially i the presence of heart falure (unless a gond response to
fedical therapy 15 obtained) A history ar electrocardiographic evidence
of old coronary occlusion s not 1n atself 2 contramdicatton  Crincal
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SUPPORTIVL MECASURES

Aainteaznce of morale by atcentton co adequate pss chatherapy heads
the Iist of supportise measures for the pauent with moperable cancer
Some of the means of encouraging and sumulaung these panents will
be outhned mn the chapter on psychological aspects  We have found
that frequent caretul q and tb b physical e ase
essential, so that medrcation can be given promptly for exch new com-
plunt.  The beneficial as well as undestrable effects of drugs should be
discussed openly to acquamte the paent with the underlying seasons for
ther vse.  One should nor hesitate to change the drugs or ther dosage
frequently, and to enbst the help of the patient in evaluatiag each new
regime  We must remernber that there will always be specific complants
and usually specsfic causes for them  These are not only a challenge to
our therapeutic skall, bur present many sumulating diagnostic problems
resulung from the extension of the diseasc  Without an open and search-
g apprcach we can expect lietle effect from the medications we employ

For advancmng neoplastic disease with progressive malnutrition, hugh
cafunc mtake should be amed at although s administration presents
many difficulties Oral adounsstration of fat efaulstons cumbuaed with
glucose have not been effecene n our hands  The use of vieamin sup-
plements may prove helpful and are apparently more effectve if given
muravenously,  The development of anermia should be antrerpated and
treated with wron, Iner, Byy, and transfuson 1f necessary

Paients with Jung cancer, unbike those with gastromtestinal cancer,
rarely present problems in flud and electroly te imbalance The admn-
stratron of intravenous glucose and protem hy drotasate solutions should
be gnen sparmgly It 15 of meerest that cortsone givea for brief perods
of ttme often improves the appenite and general well-bemg  If gnen ar
all, we suggest gn ing 1010 divided dosages, as follows 200 mg rotal daily
dose for o day s, 100 mg for rwo days, 50 mg, for two davs, 25 mg for
™o or more days, Nausca nuy be a distressng sumptom, and agun a
short pertod of cortisane therapy may be helptul -~ At times, Prednisone®
m place of corusone may be tried, i dosige of 10 to 20 mg four umes
daly Irs mdications and effects are smular o cortsone, except thar
stde reactions are fewer and of lesser degree, sodium and water retention
are less of a problem  Occasionally the admnestrztion of restosterone
resules 1n surprising improsement m well-beng

The use of chlorpromazine (Thorazme$) in dosiges of 50 mg every
four fo eight hours has occastomlly proted of value i contralfing nausea
and vomiting, however, 1t has been more effectne in augmenting the
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Secondary Cancers
of the Lung

Berxarp Roswrr
axp Joux LaDue

INTRODUCTION

Unnil the present decade, there appeared to be hittle that could be done
to help the pauent with metastawis to the lungs from prmary cancer
elsewhere  Taday, the probability of providing relief from pulmonary
distress, prolongation of useful actnity, and longer survival has been
materally improved, especally i radiovulnerable and endocrne de-
pendent neaplasms  This 1s largely the outcome of recent impressive
developments in roentgen treatment, nuclear medicine, radical surgery,
by h v, hormone and supy € measures,

In this chapter we shall discuss the ominous complication of metastasis
1 relinon to medence, dynanues of pulmonary invasion, dugnostic
problems, radiographic mamfestations, and palhatie management We
shall stress the value of a positne and more energenie trearment pohicy
Indiiduals with thas complication are entitled to the same basic medical
and humanitarian constderations as patients with other serious chronic and
debihrating fung diseases

INCIDENCE

It has been estimated thac at least 25 per cent of all pauents with cancer
will have pulmonary metastases sooner or later m the course of the
duease  Respiratory symptoms represent the major problem m about
one-third of the mdiduals 1 ths group (28)  In this country alone,
there are 20,000 new pauents each year it need of effectve pallative
measures  From present trends it appears with certanty that this figure
will contnue tn ose beranse of 1), wtmodnchon. of mass chasy G,
sueveys for the general public, b) follow-up studies of patients treated

w©7
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emboli sursive m the lung  The stenle or abortnve fibrosed tumor de-
posits occasionally seen 1 sectioned lungs prose that metastasis may be
something more than a purely mcroembolic phcnomenon.
Once securely established on the pul hhead, the rapidly
1ng cells become d for a final and overw helming assault,
m\';ldmg at vanous mtervals the parenchyma. bronchial tree, m(mpul-
monary lymphatics, great vessels, and pleura

DIAGNOSIS

Tur Ivrortance oF EarLy Diachosis

Early diagnosis of metastanie lung cancer 1s of far more than acadenuc
mterest, because 1) distant metastasis must be excluded before subjecung
the patient to radical treatment of a primary neoplasm, 2) solitary meta-
stauc lesions, m several well-documenred cases, have been successfully
resected, and the patient apparently freed of malignant disease (9, 26, 34,
52, 56), 3) metastatic lung cancer may be the first warning of the presence
of a silent primary neoplasm, 4) removal of the primary cancer has, on
rate occasions, brought about a disappearsnce of the secondary lung
disease and prolongation of useful hfe, and 5) pallative measures, specific
and supportnve, are far more effectne when nstitated early 1n the course
of the malignant process

Curvicar. Picture

There is no clinycal pattern ch of p Y The
symptoms and signs are governed by the anatorme site of mnvasion and
by the tvpe of physiologic disturbance created  Early metastatic lesions
1n the lung are almost i ariably silent and undiscovered except by radio-
graphic exammnation  Today, i the era of mass chest sunieys, it 1s nor
at all uncommon to find ndividuals with well-established lung mvasion
completely unaware of the primary and secondary disease they are harbor-
ing In such cases, an exhaustive search for the primary neoplasm 15
ndicated, governed largely by the relame frequency of pulmonary metas-
tasis from principal pramary sources, according to the age of the patient

As the neoplastic process advances, there will soon be symptoms of a
general nature such as anorevi, malaise, weahness, weight loss, chest pan,
dyspnes, and cough  Hemoptys:s 1s a truly mportant symptom i this
period  Abnormal physical findimgs are rarely present untd late 1 the
disease, and are charactensie of the particular functional pathology
present  They have been well described by Kamofsky, Mvers and
Phillips (28).

Massive nodular disease may mterfere radically with alveolar-capillary
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exchange through obliteration of the basic pulmonary uait. Pacenchymal
Tesions extending to the pleurs will soon produce pleuraf effusion, feading
to madequate alveolar venulation and dyspnea. Extension into the bron-
chus may lead to atel s 15, and abscess £ with alf
of the unpleasant symproms attending a chronic narelenting lung fec-
tion. Carcmomatous endarterstis may obstruct the pulmonary blood flow
and produce pulmonary hy pertenston and cor pulmonale (55). Ina large
parenchymal mass, central necrotization and cavication may occur, simu-
Iating a berugn abscess or perrpheral bronchogenic carcinoma.

One of the most distressful of all clinical syndromes 1s thar anising from
compression of the supertor vena cava by the neoplasm  We have seen
several examples of this entity in carcinoma of the thyroid, breast, ovary,
tesucle, and 1 the malignant lymphomas, It is parucularly common,
m our expersence, m anaplastic bronchogenic carctnoma. The superior
vena cava lies 1n a lughly vulnerable posttion berween the anrerior pre-
vascular lymph nodes and the nght paratracheal nodes winch are veny
frequently mvolied by neoplasms s ading the thorax

Lasoratory STuniFs
In a patient with a parenchymal nodule or infiltrate and 3 known prt-
mary neoplasm elsew here, there would appear to be‘hrtle need to pursue
tustolagie d af the pul 1y disease with too much vigor
However, we are renunded by Cahan (3) thac mulnp]_: primary cancers
m unrelated systems can and probably will occur with increasing fre-
quency as suriival rates mprove. There 15 approvumtely a three-and-
one-half-ro-one chance that a solttary pulmenary shadow is a separte
primary lung cancer rather than a sigle metastauc depostt, particularly
1n cancer of the head and neck (5). . . 5
Cytologic examunauon of sputum, tracheal washings, gastric lavage, an:
bronchial washings may be helpful on occasion in c_-smbhshmg the {r;xe
nature of the p Ir '| density Bronchiolar carcinoma, for example,
N imary ¢s but can be
often simulates metastasts arising from nfher prinmary sourc : J
detected by the Papanicolaou techmque in a4 remarkably high per: 0

of cases o . )

Radworsotope tracer techniques can be of service in derecting th; }‘!‘r;;
ence of thyroid metastases In approvumately [5 per cent of p‘?nm g
thyrard cancer, the primary and merastatic grow th will pm:: :ahdmcv
the “functioning” cvpe, productng co)lmd.:md cnr}ccn;m ;r:“cd e
When pulmonary infitrates appeac w 2 patient Erc:,:::;;:;s e er
thyrod cancer, the rrue nature of the lestons may $ o

trate radiviodine
18t However, fadure to concent
. ¥ metaseatie lesions springing from

necessanly exclude the possibihty of 0 : "
!i:c th\'rléxd because’ l)prhc suspected infiltrate way be of 2 differen



SECONDARY CANCIRS OF THE LUNG 411

histologic vanety of thyrord neoplasm than the pnimary growth, or 2)
m the presence of remaining normal thyrord tissue, there will be hetle
or no 1'# left for the metastases, In such cases, the thyrod gland my
be complecely ablated by surgical means or destroyed with a large dose
of orally or mtravenously sd: d 191 The subseqy adnunistra-
tion of thiourcil or thy rotdsstintulatng hormone may further serve to
stimulate the uptake of 1™ in the lung cumors.

Bronchoscopic examination will provide matertal for exfolanve cy-
tology and occastomally will disclose 2n endobronchial proliferanion.
Certanly, when widenmg of the carna 15 obvers ed during bronchoscopy,
there is established at once the presence of malignant disease and the
non-resectability of the growth

Ramocrapaic CoNSIDERATIONS

Tt 15 the radiologist who must shoulder the principat burden of respon-
sibility for che early detection of metastanic lung cancer because this
disease 15 seen by radiography long before there are any symptoms or
physical signs  Nevertheless, che himitattons of early roentgen diagnosis
are such as to ge dog and to fate pursust of more pre~
cise means of identification It is possible howetcr to recogmze certan
general radiographic patterns so that che erue nature of the process can
be suspected  The mdnidual characterstics of these parterns will be
bn:ﬂ.\ discussed, notng speaific examples and indicating some of the
prolitems 1 differenttal diagnosis

t Nodular discrete shadows may be solitary, multple, densc, homo-
geneous, widely distributed, more numerous 1 the lower lung flelds, with
Varations n stze according to the stage of development, and rapidly -
creasing wmt size and number  Although these lestons occastonally appear
to be solitary on Y-ray examnation, mutuple foci are nearly always found
at exploratorv surgery (34} When less than 3 mm an diameter they
do not produce a recognizable roentgen shadow  Laminographic studies
are helpful, particutarly when there 1s a deciston to be faced as to resce-
tonal surgery  In this connecnion, the use of supervoltage v-ravs (1
VMev) has been proposed to detect such early lesions obscured by skeleral
Pparts, and ofren centrally located (58) The best examples of the nodular
tvpe of wvasion are to be found e neaplasms of the tesucle, kidaey, and
colon, and tn chottocpithelioma, soft tissue sarconie, ostengeqie sarcama,
and mal 1 1If ! 'y 1s strongly susp d
and the angwal growth remains silent, the organs vwost likely to be w-
volved should be i estigated first  $Wilms' tumor and neuroblastoma are
common n children up to the age of seven vears, teen-agers are likely to
be harboting a malignant growth of bone ar mabignane Iy mphama, m
the third decade, one should search first for 4 testicular neoplasm, mahg-
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nant melanoma, or soft tissue sarcoma; and above the age of 40, cancer
of the breast and cancer of the stomach predonunate,

2. Mihiary lesions are seen occasionally 1 eancer of breast, pancreus,
and 1 other neoplasms  Differentiation must be made from miliacy tuber-
calosis, preumocomnosts, fungus disease, and chronic bronchroliess,

3. Lwear mfiltrating denstvies radiate bilaterally from the lung root
along the bronchovascular trunks. Secondary endartentis in such cases
may produce typrcal cor pulmonale, ‘The linear variety s most common
m metastatic cancer of the breast and stomach, and gives nse to severe
dyspnea w hen advanced. Vhen these changes are seen in 2 presiously ir-
radiated area, differennation from radiation fibross 1s obviously essental
Radwuon changes arc unilateral and sharply himited to the irradiated
zone. They are frequently associated with retraction of the meduastinum
and tenting of the diaphragm. The time/dose trearment factors, penod
of onset, and 1 symp must all be considered in the differen-
tial duagnosis.

4. Plenral involvement may be charactenized by nodular mplants, dif-
fuse thickening, or intractable effusion, Tlis complication may occur 1n
all primary new growths, but especrally in carcinoma of the bronchus,
breast, and ovary, and in Ewmng’s tumor. Differcntral diagnosis must -
clude an unlumted variety of benign disease entrtres as w ell as such primary
neoplasms of the thorax as mesothelioma, fibrosarcoma, and osteochondro-
sarcoma  Tomography, vertical and horizontal, 15 quite helpful

5 Hilar and mediastinal lymiph node masses are most frequently seen
n the mahgnane Jymphomas  Benign lesions must be evcluded, such S
dermoid, neurofibroma, paray ertebral abscess, inﬂ.thmamry nodes, Boech's
sarcoid, dilated esophagus, and intrathoracic thyroid. The Jatter can -hf
quickly recogaized by means of a radiwoiodine profile study. 'A scin
tiscanner can be ushized to delineate the landmarks of the thyroid thsue

with preciston
6 Varwous sccondary changes may 3 .
atelectasts, and obstructive pneumonitts, Differentiation fmnll)lpm::{?r
. . 5 v !
bronchogenic ¢arcnoma by y-rzy may be virtually imposuble

develop mecluding branchia! stennsis

suc! CUrnsLances , .
U;‘ E‘:zvtary Jesions are occasionally seen n Hodgkmsvdncnsc, and in
tumors of the “cannon-ball” tvpe with central necrotzation ecisl

Pulmenary tnvelvement i the mahgnane iymphemas t'iesﬂ;‘ es st n
consideration, A study of this compl was gecently v idence, in-
our chnie (BR.) (43) We were mpressed by the high u:‘c;t;m; -
fimite varety of radtographic appearance, and resplonsc r? ’mbmnchin'l
roentgen rays and nitrogen mstard | We have o )S]ﬂi::‘ rgmnrs Jobu-
and endot tual in€l massive obar "

& - true miiary
i lized d ton ch szed by true mu
lar infiltrates, and Y
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and lymphangitic spread, Parenchymal infileration occurred somew bat
Yate in the course of the disease and progressed fanly rapidly, bemg al-
ways assocrared with medusumi nodes except m rare instances

The ungs are one of the most common sites for metastases from breast
cancer  Almost all the panents dy mg of advanced careinoma of the breast
have pulmonary swetastases ar autopsy, and i approvmatety half of the
patients these lestoms. Ippesr 3s s00n as, OF together with, metastases to
other sites  The fow may appear in the luag parenchyma or the mediasti-
nun, at present themselves as a pleural effuston Nat uncommonly, the
spread 1 b mphangitic snd may iavolve both lungs sunaltaneously  The
only a-ray changes then observed are mcreased bronchovascular mark-
ings  Chatcally, pudmonary merastases from breast cancer may escape
detection unless 2 chest x-rav 15 done  More frequently, the patsents com-
plan of dyspnea or develop a dry hacking cough that s brought on by 2
change m powion  Physical exammmauon may revest no abrormalmes,
except esadence of brunchospasm wath wheesing.  The merastases may
further result in plewral efusion or may esen be confused with prevmrone
consalidation of the lung,

An extended disewssion of these and ather impctant ndwidual neo-
plasnus 1s bevond the scope of chus chapter

TREATMENT

Ne psuent with metastatic tang cancer should ever be densed serrous
<onsideration for palliative measures that smay provide respue from dis-
tress and disability, prolongauen of useful actieiey, or a chance for pro-
longed control of his mabgnant disecase  Such measures have recently
become avatlable to every physwuan  What 1 most aceded todav, how~
ever, both m undergraduate tainmg and s chorcal pracuce, s an active
and more postene approach toward the management of such patents,
despite their present meager probabihity for survaal  There 1s much to
be guned from swch an atntude, for physivan and panient shhe

Whether treatment should be specific or supporuve, radical or con-
sexvatne, depends upon the histology of the malignant process, the starns
of the primary lesion, the extent of the metastatic pracess, and the gen-
eral condreton of the pattent  Specafic therapy has the ability ta destray
or ihibie malignant growth  The selection of & particular agent for this
fencuon—~surgery, roenrgen therapy. radwisotopes, chemotherspy, or
steronds—rests prmetpally upon the Wstology and evient of the metastatic
process

Supparene therapy 4f-t - 7 .
consolation and peace
phy steran

wn
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Screery

Complete surgical exurpation (wedge resection, lobectomy or pney-
monectamy) of a secondary lung lesion may he undersaken if there 12
sohtary circumseribed nodule in a patient whose primary Jesion has long
been controlled.  \While over-all results of surgery have been discour-
agmg, there are now several reports of prolonged arrest of the discase
through such an approach, particularly in slow-growing osteogenic sar-
comas and soft ussuc sarcomas (9, 26, 34, 52, 36). In selected cases, re-
section of regronal nodes or even skeletal structures (nb, clavicle), oy
be effectve i bringing about a Jong survival period.

What should be done about the problem presented by the patient with
a solirary, asymptomaue pulmonary lesion who has no history of previous
malignant disease?  Expertence has praven that there may be grave din-
ger in “watchful waiting.” The mcidence of primary and secondaty
cancer n solary lesions varies from 15 per cent to 50 per cent. Pre-
aperative dagnostic studies are generally unrelable for establishing thetr
cact nature  Oun the other hand, such lestons way be safely remoy od
today by surgtcal means and the diagnosis rapidly established. Wheneer
there 15 doubt~"operate.”

AMeckstroth, Andrews, and Klassen (34), supporting such a program,
cepart malignant lesions ta 38.5 per cenc of 70 operated patients, of u hom
157 per cent had bronchagenic carcinoma and 17.1 per cent had meti-
static carenoma ot sarcoma  In two patients with no knowledge of an
estrathoracic primary lesion, primary grow ths were found and removed,
with excellent pathaton and prolongation of wseful hife.

Roevtery THERAPY .
Granfying benefits, bath subjective and objectve, may bF achiered
through roentgen thesapy i panents wih metastatic lang lescasc, pm:
viding the leston 1s i erther a rad ¢ or a radi category
There 1s httle to be ganed 1o the treatment of meastases of hnown r.:dml-
resistance such as those from the gastrotntesunal trace, panereas, adrcnal.
gall bladder, osteogemc sarcomw, soft fssue sarcomw, of malignan
melanoma, p&mcuhrl\' if they are asympromanc . —
In the radiosensitive group (Waims' tumor, Exing’s tumor, mahgnd
pevroblistoma, oac cell bronchiat c:mv:tf:
et ), the promps and drametic radianion response Of;?n ogm;\:ir::::
raise false hope for prolonged sursinal  Unfortunately, radio: ol
and radrocurabihry are mot necessardy sinonyinous Hn\\?ﬂ;r: h:s
survivals of five '\:ears or more have occassonally been observed in €
here
;‘h‘ypcmephronu. cancer of the breast

Iymphomas, chorioepithelioma,

group m our own chnie and ebse
In the radioresponsive group
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Roentgen therapy 1 most effectine 1n plﬂmomry Iymphomas, notably
in Hodghin's disesse of the thorax (10, 12, 24, 53), ‘Such lestons are some-
what less radiosensitive than Hodghin’s lesions elsewhere. In the meds-
astnum, however, they may yield permanently to a tumor dose of abou
3500 rn four weehs  Radrcal dosage in Iymphomas with this limited -
volvement appears justified, n selected cases, Such a program has been
adopted 1n our climes  Parenchymal lesions are almost mvariably accom-
pamed by generalized disease elsewhere. In such casts, less aggressne
treatment 1s given, m the range of 1500-2500 .

A morc complete consideration of each of the principal mahgnant dis-
eases cannot be undertaben withm the bimits of this chapter.

CHENIOTHERAPY

MNurogen mustard (HN.) and triethylene melamine (TEM) have be-
come, mn our expetience, helpful ad) in the of
lung lesions, parucularly those it the rad itive category (

Iymphomas, anaplastic or oat cell bronchial carcinoma, neuroblastoma,
Wilms® tumor, and chorjoepitheltoma) They have also been utilized,
with sporadic and mconsistenc benefit, in a variety of other neoplastic
diseases with spread to the lungs, Their use in bronchogenic carcinoma
has been discussed in dewail in the chapter on chemotherapy and ebe-
where (27, 32, 33, 46, 47, 48)

These agents, radiommetic in charactef, act upon rapidly proliferating
tissues and mflammatary processes, producing ussue changes it the tumor
such as those seen after small doses of roentgen therapy. How ever, it
therapeutic doses, the effects of these drugs differ from locally admin-
1stered roentgen therapy in greater systemic towcity, narrow margin of
safety, relacrvely brief remussion penods, srreversible bone marrow damage,
and ;mblhry to destroy or matersally mhibit the further growth of the
malignant Jesforss. ed

Despite these himutations, itravenous HN; and oral TEM have provide

stgnificant subjective and objective benefits 1n a majonity of the patients
treated. HN,or Mustargen®1s by far the more eﬂ'c_crire agent of the two,
being prompt and fairly consistent in its therapeuric action. Bqth drugs
become fess helpful as trcatment courses are n:pc.lrc;d ‘The,r nse s
contramndicated 1n passents with p leuk ytopenia,
or other evidence of bone marrow depresston )
Iy with puh 'y mﬁltmnon may
respond drnmﬂtlc.zll} to n';r()gcn mustard  In ths group it 18 cmplnr;'c:g
as an adyunct to roentgen therapy in the fontrol of massive mcdmsen‘s
disease, 1 the superior vena cava compression s_mdmm:, and in P:,u :n
with bilateral, diffuse pulmonary infiltzation There appears to be
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Fig 147 Metastatic breast cancer  Premenopausal festosterone therapy
A Case 1 Massive pleural effusion in 42-year-old female before therapy
B Complete disappearante of fluid in same patent after administration of 10 g
festosterone in 18 weeks Patient stll well three years later despite treated
relapse in the second year of iliness
C Case 2 Diffuse nodular metastases of varying size in both lung fields before
therapy
D Mote strking impravement in same patient five months Jater following admin-
istration of 12 g testosterone propionate
objective improvement thus gained may last from several weehs to sev-
eral months ~ Upon relapse, discontmatton of the drug may bring about
further 1mprovement In such patients, adrenalecromy may result n
further benefits in approumately 50 per cent of the cases. Hypophysec-
tomy may prove to be useful n controlling pulmonary metastases, but
experience 15 stll hmited In patients refractory to castration and to
testosterone as well, cortisone may provide temporary gains (Fig 148)
In postmenopausal women (with menopause at least ten years pte\l:
ously), estrogen therapy 1s apt to produce rcgrtssmn.of pulmongl:)c
metastases (Fig, 149), while m younger women there is a one-n-fiv
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Fig 149 M breast cancer P
A Case 3 Multinodular pulmonary metastases in both lung fields in 65-year-old

female before treatment

Note clearing of both lung fields during adminisiration of di-ethylshibestero!

Remissian Jasted a total of five yeors, after treated relapse in the third year

Case 4 Note massive mvasion of both lung fields with linear infiltrate os welt

s nodular densities, betore therapy

Clearing of pulmonary metastases after estrogen therapy

[ estrogen theropy

»

o

o

ProstaTic Cancer
Pulmonary metastases are not common in prostatic cancer. The ad-
munistration of estrogens, orchiectomy or combined orchiectomy-estrogent
therapy will frequently bring about regresston of pulmonary or osseous
metastases and wil] profong useful hife C_vclic adminiscracion of estrogens
15 suggested, to obviate the mastodynia and gynecommsﬁa that follow
unrelenting estrogenic stimulus to breast tissue. Chnical m\prf:vtﬂ!:{".
characterized by gam n werght, strength, appetite, mfd well-being, with
unprovement of hemoglobin and red blood count, will List for vanable



) Lung 427
Perny Up g Se: 1 g Caseg, Aboy, 0 per Ceny
f the Wents B gy Teasqp,, e COm{ppy or Variapye Perrggg p 1o
ten Jearg Unde, hormona COntray T tely, e, ¢, 8006 th tapy,
bllartml .'enalccmm deve, FPoph, ¢ 2] ed
Siderey

OISOTOPC THERAPY

e ¥ admacm*c BPtapes the Teary,, Primyp,,
metasr:ac bre hy "¢ Carem, fng becy Clsseq n chaptcr
dmmm etasmrxc u ey tron, Other Primy Urces p,
4o [,y Aed gy, Stp, YIng the 2, Loley, Ageng, 'd tegy
Mque, Prev, desy, ed nelude mtmplcur * terg, 1), eng,
[/mndnal, iy, mmus, ang r:lcum Mezly, 22y
5,3 s, +3, 45, 9, Sy, G2)

e pu]mona T8 tasey fro, 1} roy *s5pon, * hcmpr
bue  Quige 35 f1v g, bl th skeler. festang The Tapeure Map.
Gemey, f su, Caseg folluus th Ime attery descnbed 3 Cting
o Enoss £, e, the 1, Toreq’, Re of I “Spire Mora
than te £ ens o Tty thys eld, “Ih ey Con.
Hny, ta e e, Iappmzch Liap,, on of sules g i,
Cule becy, 25 prcd;c(zble hfe Immn f the rsegse ‘Cler, oy
a5 been Mreep, Olishe, thae yy, S the gy, Glogy of Tesion j!
F the alve, T O fol far ¢, Pe, Fdiog, ey iy Tttlegs

c\‘pcm-ncc hag Shoy, p, thay ehosp Pitien, Mot fyre () dmmdme

!marme 2 rcspnml ‘er el d 1y, e Dstie Foeny, Tapy
Sucy Mstane,  be g, d e g, g i5p

The € of pra Q] ome § henyy deser, S inepy, 'Seae, yy,
Caref, y Mtraeey " h Projeq o be mcmcnt a ctlccmc
ey, " hang, ng Diseqyy herm, v the, e ey, e
thae Such, Program, ma uce p,, Pitalisgy,,, s ¢ neey fo;
tans, Ston, nd o ) ' Usefyy hf, 39) it bee,
e, M tor. lndy Mation



Fig 150 Metastatic thyroid cancer  Radiation therapy.
A Case 6. Massive involvement of hilar, mediastina!, and cervical fymph nodes,
with “connon-boll” metastasis 1n nght lower lung field. Patent is a 50-year-old
42
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Fig 151, Metostatic Wilms' tumor  Radiation therapy
A Case 7 large “cannon boll” metastasis in the right lung field n 3l2-year-old
white male child with @ Wilms tumor of the kidney  Note also other metastatic
foct involving the Jung and the left pacamediastinal lymph nodes

Complete clearing of the nght lung field after 1850 ¢ tumor dose in 12 days
theough two very large paired opposing portals However, note the enlarge-
ment of the left poramediastinal and parahitor lymph nodes m the untreated
areas  Courtesy of Dr James J Nickson, Memarial Hospital, New York City

introduced jnto the pstuitary gland, producing total ablation without
hazard to the surrounding normal ussue

In another study, conducted at the Unuersity of Califormia, proton
particles have been fired with mfimte preeision mto the hypophyseal
body by means of a high-energy particle accelerator (240 Mev synchro-

white male fiist seen 1n 1945 with fulminating supenor vena cova compression
syndrame  Histology—adenocarcinoma of the thyrod, Grade IV

-

Lateral radiograph in same patient revealing anferior mediastinal ymph nads
moss ond parenchymol fumor a3 wefl

[}

Note marked compression of the Irachea by encirchng metastane cervical lymph
nodes

14

Photograph of patient before treatment, reveahing the “bult frog” facies, super-
ficsal venous collaterats, and edema of the superiar
vena cava compression syndroma  Patient sufered stensely from dyspnea,
orthopnea, and syncope

Complete disoppearance of all metastatic lesions as well a1 the primary neo-
plasm of the thyroid affer a tumor dose of 4000 r in six weeks administered
by multportal cross firng technique  The pumanary parenchymal lesion re-
cerved 1800 ¢ tumor dose

Photograph of patient ten years following administration of roentgen therapy
He 13 perfectly well, free from disease, and working full-time o5 a roilroad con-
ductar yince the time of treatment



remission after syrgical removafl

Fig 152 renaf
of primary neaplasm

A Case 8 large nodular metostases m both lung fields  Smoll aprcal infiltrations
represent old heated tuberculonis  Panent wos a 80.year-old white male with
obdommal tenderness, night upper quadrant mass, and hematuro.
Radiograph shows prompt and complete disappearance of alf puimonary metas.
tases for ten months after removal of o clear-celi careimoma of the right kidney,
through the thoraco-abdominal approach  Pafient remams well ond ires
from other metastatic foc

tron)  In a relatively small number of patients, early chnical benefits
have been reported, without serious unroward effects

SUPPORTIVE MEASURES

An impresstve array of newer and more effective supportne measures
has recently become avalable for rchef of pain, dyspnea, and many
other distressing symptoms,  These symptoms add to the burden r.1f
suffering m patients meractable to specific therapy for ther metastatic
pulmonary disease. ‘These agents, and the techniques by “hw}} they
may be ‘most advantageously employed, hate been discussed in the

chapter on medical management.
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away, These mdwvsduals who have had experience with cancer m friends
or families may hold the belief thr the longer a fruitless course of pain
and suffering can be put off, the better off they are. I the threat i
perceived as potenually overs helming, some indiiduals deny the evst-
ence of even the symproms, but more commonly, the patient mahes his
own and less threatening diagnoss Such a patieny must usually deny the
need of adequate treatment and is quite hostile to thase who atcempt to
force 1t on him  He is very pronc to evhibir paranoid trends following
treatment.

What looks ke a reahstic and prompt setking of medical attention
may m fact be a panicky flight for help of one who also feels himself
avers helnungly threatened, This type of patienc may well deceire the
doctor mto beheving that he is deahing with a *w ell-balanced” person,
when in fact e 1 dealing with someone en the verge of disorganization

How the mdnidual has handled other life crises is not an infallible
gude to how he handles the crisis of threar to hus hfe  Few of hfe's
cuses, fortenately, are as threatening as cancer, a potentally fatal aitness,
or its surgery, evtensie and productive of scrious change in form and
function (2,3) The chreat is highly unique. How it thresrens is sptuﬁc
to the inditrdual and ts determmed by 1es potenual for distuption of long-
established, strongly held, valued actmities evolied m the indrdual's
particular psychic deselopment, that are basic to his emononal su}u\ﬂy,
For evample, for many indrviduals the abiity to nreer Iife’s 'cnsts »
dependenr upun a strong sense of thetr own invulnerability or their abrby
to control events. Thus the powerful erecutive who finds himself with
cancer may approach panc because he s the victun of something he
cannot control and which senously attacks Ius invulnerabiliy.

Surgery 15 frequenty mvolved m treatment for carcinoma of the Tung
and the quality of the surgical expenence, as w ith cancers of other sites,
15 of major importance 10 determining the individual’s long-range :ldJP‘U'
tions. Alast pavients regard surgery as far more d.angcrous than it reahs-
ticallv 1s. This 15 especrally true when cancer is the pnmnr}"dls‘«'ﬁ:;
AMany people equate the senausness of the surgery with !.he ;cnnusnf >
of the primary illness, A great many pauents rcg.xrdlthcnr C"m?{-?,fxv-
surs wal of any operation for cancer as no better th\:m 2 “toss-up,” @ =
fifty propostian " Fear of death i surgery 1s increased ;‘Penn:ﬁnds
of importance to the pafent dre operated upon. Cnnscqum;.‘v onr geath
in those patients subjected o thoracotomy an even greater ear

an IS W T , v and pret-
' - the natute of the surgery, (Lobectomy
than 1s warranted by th g o oty ¢

manectomy appear to carry 3 sufficieat mortality e e for
most patiente.)  Consequently, patients approach surgcr); ep Jich
~onsiderable degree of apy Wi

cancer of the Jung, with a ©

i 3 eia-
focuses upon ejther death in surgesy or the compromse of a vitsl phy
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logical system 1o such an extent that they will be vnable to function m
the future,

The respiratory function ss so vital that any mrerfercnce with it gives
ise to considerable anviety  Jn the populsr mind breathing has become
equated wish hife nself, as witness: “che breath of Ife,” “as Tong as there
15 breath in my body ™ [ wany cultures che breath s cquatcd wieh the
soul Moreover, br:a!hmr' capaesty 1s often equated witlt phy sical prow-
s The phy sieal measurerent of chast expansion as evidence of healthy
development has been untd recent s an importane part of many
physical examaations.  Stanung, “second wind.” i often also asocuted
with respuratory function On the other hand, sickly mdnduals may
have “weak Tungs 7 Fyen the comyentional medscal term “witad capaciry ™
testifies to the emotonal respece wich which this function 1 held.

The lungs are considered organs whuch must be protected and which
i turn protect the body. The craving for fresh air has probably less
0 do with the ox) gen comtent of the air than wirth the notion that such
ate will revsvafy or fortity the lungs and the whole bodv  The fungs
are alsa scen as rautes af wfecnon apaee from ther realistc role  Bad
awe (Wahan meslgria) attacks the lungs and the integrty of the entire
body

fn chaldren, sny anterievence with breathing arowses mnitnse anwety,
mandested by a prumtne sore ot theashing behavior and an eadeavar o
secure 2 clear mrvay. Nighemares which have the quality of suffocation
ot drowning are usually of particular horrar

Anviery may be expressed by changes i the TespiEatory pattern Mild
antiery can be fested by shghe n hing as attested
10 v common expressions “hold your breath” "t took my breath
away.”  Marked anviery may be associated wath considersble vanations
n breathing patterns, such a» itense ssghing respiranons and short penods
of apnea  Anviety attacks chemselies may be mumfested by meense
dyvspnea and may proceed to oversentilanon resulting m tetany  Chronre
amety newronies who focus on the bresthing apparatus mav expenence
dyspaea secondary to 3 shift of the mid-possson of the chest, so that they
are effectnely breatung only with therr complemental ac supplemental
arr - These spirograms may be so distorted thit they lead to sigmificant
£5rors I dc(trmmmg. for example. the baval metabohe rate (4)

Certan psy chosnalysis brleve that m some s iduals breathing may
be utthred as a sexual subisruse, 3+ 2 ethad of swelling, ot even of
meorporsting a beloved object (5)  Such mregration 1 usually present
when the direet expression has been inbtured h\ anuety aver the sexual
function itself, which m rum has beea related i conventional psyche-

analysis to or punish: fears e with heeatk
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in such cases may result m an evoeauon of the prmary fears of caserateon
or great physical pumshment or mutiation.

Anviery from any cause may d effective pul, ¥y
in panents with lung disease, which leads to further anviety, and in turn
leads 1o further ventilation difficulties and so to the establshment of 2
victous cirele. It 15 not unusual to find, for example after thoracoromy,
4 patient so anvious abour s breathing thac he inhibies his norma) exenr
sion and consequently does not venulate adequately.

Whenever an activity so important for survival as respiration is threar-
ened by disease or by treatment for disease, then considerable anvety
will be asoused.  Amuety may in itself interfere with proper function
of the system and favor development of patters of behavior designed
to protece the body  Tasafar as chey are based on false notions of phys-
ology they may mulitate agamst the patient’s well-being. It is imporsant,
therefore, not merely to relieve anxiety but to seek out and correct mis-
conceptions of physiology on which the pattent may base his behavior

The quality of the terror associated with major surgery 1s evemphfied
by the nature of the dreams which frequently occur both preoperatiyely
and postoperatively.  These are of nightmare or even hallucinatory in-
tensity  They are of death or mutilation which spell out explicitly the
threat the patient foresces or belteves he has somehow escaped. Parents
who have been dead for thirey years or more may be resurrected m dreams
to reassure the patsent that he will be all right. . )

The postoperative period followng pulmonary surgery is realistically
a duficult one for most patients. Even in the uncomphcated case the
s perative course 1s Iy formidable to convince most patients
that something serious has happened to them. Thoracotomy tubes and
underwater drainage give ample suppart to the feelmg thar the body
has been violated,

Control of pan is most smporeanc in this period  Chromic severe pan
15 realistically debihtating and in the chest wall mrerferes §1gmﬁ€3“‘l."
with adequate putmonary ventlation It is, of co.ursc, a prime symibol
of 1njary to the body or of contmuing disease. It is also very important
1w allay anviety which may mterfere with respiration end venalauon.

Any postopérnt\\'c convpjicatlon has both a phy s:cal'nnd a psychological
threat ‘The penod of nvalidism s Pro!onged realistically and the sense
of body inyury 1s increased  Complications, even though they ;re n;)::
spectfic and are found in almost any type of surgery such "g ! ""':L;‘h
phlebms, or spccnﬁc complications, such as hrnnchogﬂeum] s.r‘;l Jcc i
possible empyema, may well be 1dennfied b\ the pauen‘t as r:u]ter:s o
incomplete removal of the cancer or 3 surgical m’hd‘:"""”;s:sc comlp -
as important psychologically as 1t is physicatly to prevent

o




can'ons, orto Tecognyye themy ¢ Soon g thc) de\c!op, bcc:lusc thcy gne
5¢ 10 notgng of Profoung body ury wWhep later become the bagg
for Prolongeq nvalidisy, The Physician should search oug ghe sigmfy.
€ance of the <omphicatior, to the Pavene gy tnely Correcr nuxconccp-
tons Ao Patrenes v p o have COMphcatyons have Unexpresseq behefs
abour them
Modery Surgreaf Practice Fecommeng, the eqrpy mobilizarion of the
Patient e ps.\'chuloglczl effects of carly mobulizaey, bae pop fully
been Saluateq” jp the patien, Ispsy chulng:cnu\ 1Ot ready g 1,0 Mobilizeg
and beliey o thar AT damyg, 1 €0 his b, +furceg Mobilzargn
MY penerape Constdergpy, anvery e M3 obey ¢he Phy sicran Whije
n the hosptm!, nse from, bed and even Walk ¢he hails, but after d‘sch:rge
he it delay pyq Teturn ¢ Weful aceyyyg,, becane e feels thae pe has
not been allovi eg sufficteny time ¢ regam kg strengeh
ather thap be forceq 0 get our of bed, the Patient oheurg be urgeq
o

and ¢ 5ed to do o, "nical exp, Tience SHEgets thay Permygy o
ambulayg, S Rot resyyy NZEr period g lmspumlu.mon tor exep
Pavent, o, "3y indeed Tesul, a shorgep Period of er-alf M alidigy,

el tan, ove frum d may Teprecen, V€Y real fey, of th ey
Of the Y 0 ithgr, d the fraumg of SUCh ag ey Patient doaq
not kng, TV to fy bog and ey funumnm; and
Must 259 this 2€ by gentje and Cautygy, fesng gy Testriction

o LIy 15 gy el due g, , destre fop neuroye “scwmhr\ s sy p
5 attenyyy, mracung, Or the Satsfaction of desires for sclf-dmmanzannn

Chlldnh gy iy and Breap dcpcndencc N others have fre uentty
been Hentfieq o “Tegressionn 0 Conduer More 2Pproprute ¢, €arly stage,
of PW(‘hﬂlﬂganl dey nt, ot 2PProprue £, an adule, 5pg thar

€ t,
Memnes 5 sccunng such dependcnt Satsfac g, or cvprc\wng hostliey
¢ be g, raged

shoupg therefo, be discqy, 1z his rather Moralisy, approach gnores
facy POstoperagy ¢ g o Comalescent popy) Patiens gpe
.thcnll} pende, N other, for satisfacyy, of need Which they
themgey, o; 030y able g L 3 * pathologcy When
[ "redtene, o [ 0 £ UPport ang poy De, ndence 4y, these
crcummnccs IS relareg MOre to ¢hy feehng of being threareney or of
M ing red helplpss, than 0 i, V' of Charggge, It
CRitmye, d ndent pe, b are nop adequarely met medical gng Ny,
Mg pers ), furthe, any, be g, crated and e Patient can g,
0f d thar pyg e N0z un, od  Some ndn dy, als, Usuafly
those y 1 h sidera),, UNConseygy, gult for o hich ¢, ess 1.
Py Punishy, My pep, them ehes lcmnmareh' ejected o abup.
done, Nd beep, Crious}y h
SMene 'Pattons ", less o Problem thomcumm\' than



432 THE PS'I'CHOLDGIC!L ASI’ECTS

in suchy €ases may, Tesult iy 4 Evocation of the Prmary fo of Castration

Or greay Physical Putishpygen, OF Mutilagye,
An‘ucr_v from g, Cayse may- decregse effective pulmona:y ‘entilation
0 pattengs Wieh lung dncnse, Whick leads €0 further ety ang in turn
2

ons

\thnever 30 activy g, mporgyn, for Survig] 5 espiration i threge.

ened py Isease o gy, eatmen, for diseasc, then cnnsidcmblc M¥ieryr
\

will b aroys, 1CY may i tself fere v yppy Proper functiog
of the System ang favor de, clopmeny of patterng of behay jor destgneg
0 protece the b 4y, In, ar ag they are ed on otions of Physi-
ology they MY Mihtare aganst ehe Patient’s g bemg 1, 15 Mportag,
therefore, erely 1o ve Vet byp 1o eck out ang correct my.
conceptygn of phy siology, which the Patiene My base gy behay sor

© qualiey e 2ssoctated y gy, 198 surgery 15 eiemplified
by the Mature of A0S W hick frequently occur |, Teoperatiy efy,
and pog, Peratively. cSe are of nightmay, T eren hnllucimtorv n
fensiy- Y are of eath or utilarion Which pell oyy evphicitly the
threat ¢he P3Nt forecen, or belieres he has Somehay ¢, Parents

ONtro} of pan 1S most "Mpornant jn this Perod  Chrgpje e
15 realisticalyy debthnng and 1n
ulm,

n
threay, The Peniod of mvaldim 5 Prolonged . Iy
Cations, ey en though they are nop.

Specific ang are found j, almosg Yy type SUIgery, such a¢ thrombo.-

€ancer or 45 surgica] Maladrortness, Itis Just
as it g5 Physically ¢4 Prevent these comphi-



THE PS\'CHOLOGICAL :\SPECTS 433

Cations, op to recognize them o5 S00n g5 rhc) dey clop. becapge rhcy gne
Tise to Nottong of Profaung bod, mjury hich later become the bag
for Prolongey IMalidigyy, The Phy sicran shoulg Search oyr the signufi.
ance of ghe comphcatmn to the Patient gng actryely Correcy Misconeer,
tons Aose Patiengy p have Complicationg hae Unevpregce belrefs
aboyr them

Modern Surgica} Practice TeCommengy the early Mobilizatgp of the
Patiene he psycholng‘cal effecr, of early molnlﬂ:mun have ot fally
been valugeeq 1f the Patiene 5 Psy cholng:ca”\ MO8 ready ¢, be Mobulizeq

3nd belyey ¢ thar ACT Ity v gy be d.zlmgmg o fys body | forceq mulnhzanon
H

M3y generape Considerapyy. anveery ppo M abey o Phvsicran W haje
g d;

[ the hospryy iS¢ from beg 4ng Ik the hajy, <" discharg,
he g dehy g, N 1o e, ul ac, he feats thae pe p,
ot beey alloy eq Sufficien, ttm, re, hiy Strengty
er thy orced ¢, ECt aut of 1,y the patien, should e urgeq
'Zed 1o g L TEY) €\perience SUggesy phae Permmg o
Mbuag,, €S noy esult 1, '8CI penod of he SPitalizap, eacl
Patent, , d ma, deed resuly shorter Penod of ver.alf "Malidiy,
Cluces, Tove from bed my, Tepresent ¢ e, €4l fear of ¢pe abiliey
of the Y to wy d th Tauma of g p actnyy, 1€ Patient e,
N0t Lngy, T3 to hy body an, 1ts fy nunmg, and
SEASS3 thyg dam, 8¢ by genere nd cantygy, testng ich festrictiny
of actyy, 318 ragefy, d 2 de; T Neuroge “sec, ary gamm,, such
5 atteny, Cting, or satnfac of desyreg for =If~dr.xmm71unn

" g
or :umdmg respnns:blhr_v
Childysp u-nmblhry and greqy Others by e
cen xdcntxﬁed as “rtgrcsulm "to “Onduct m.e 2PPropriae ¢, ear]
PS}ChO]OgI(nI levefo, ment, nop 3Ppropriate for an adult, apg thar
Mpes S,

the Postopergyy, o d cony g, T penod Patienes gy
mhsnmuy depende, 'Pon othery for Sasfaction of eeds y hyepy they
henuches Tdinany), 0 meer t pnﬂmloglcal When
Cateney, ! thers f,, PPort ang ep Dep, Ndence i these
ety ce: Tated More to the fechng of Iig lhrcarened roof
i de Cipless, ¢ N €0 sudden ecay Hracer  qp
Icgmnme depe, deny ds are noy adcqu.m-l\ me Medica) and nypg.
e pers Nnel, er anyy, e ge, ted ang Patiene can po
Con, Meed thay his T underse, 4 Some ndn g, ks, Usualty
those MStderaty g, HCOSCiog, g for which tlness
Parmy) pumvhmem. MY behey o themsel, o lcgmnmclr rejected o aban.
do depresseq

" ang become Serousyy
lons

COsmcnc prcoccup:u are Jess 4 Problem with thommmmy than



134 THE PSYCHOLOGICAL ASPECTS

with other types of radical surgery. Amiery and depression are therefore
less related to these than to the believed or evpertenced difficulties in
performance of the ndrvidual’s darly Iife actnities. There may be real
mterference with breathing function.  Unforeunaely, patients w ith cancer
m one lung may have serious degrees of functional impairment of the
other.  Lobectomy or pneumoncctomy can therefore result in decrease
m ventlation sufficient to render them anonic or dyspneic on very litde
exerion  Even when the remaining lung tissue 15 healthy, there ﬁmy be
sufficient decrease m the ventitation capacity so that previous activiies
cannot easily be undertaken  The resulting dy spnea may therefore under-
line or intensify feelngs of profound boedy mjury and hypochondrasis.
It has been stared above that a large number of peaple approach surgery
with Inely expectations of death or of severc injury. Such epectations
can unfartunately become converted immedtately postoperatn ely into the
firm behief that irreparable damage has taken place. The body cannot
therefore be expected to function as it did before, A surprismg number
of patients appear to believe chat the surgical removal of an organ results
m lesserng of the total body energy or “resistance” regardless of the
truc funcnon of the part  The dmunation of energy not only necess-
tates a corresponding dimmution of activities, bue also letes the bady
vulnerable to recurrent cancer and to other diseases. “I treat my body
like a soft-boiled egg lable to break my shell at any noment.” “T have
lost confidence in my bodv ™
The hypochondsiacal teaction can be very diabling. Resmctionf of
function that it imposes are mantfested in all of hfe’s actiities, \‘ (frk
restriction appears as a dow ngrading job shift or decreased productivity
ar the same job, There 1s almost always deterioration of carnng povier.
Ttus 1 turn 1s reflected 1n the male patient’s status at home. Decreased
carning power 15 frequently assocured with a marked loss of self-estcen
and esteemn from others In contrast, if the patient niust contimue 1@
work at bus previous level he may do so only with considerable anvtery,
and usually entertuns the beliefs that the energy expended at woth w al
result m fis catching other diseases or having 2 recurrence of cancer,
and that the demands of his famuly are driving him to an early grave.
The sense ot body weakness may herald the onset of “old age” which
1s frequently dated from a major surgtcal e\'pcricnce e
Social acuvities are simularly restocred as the patsent does nat fee!
hinself able to afford the energy. Recreation may confine 1eself to the
television set  Seual acti tties are interdicred when the sense of weak-
P . At ammmetys denteres the bady of
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are explaned as not mfrequent complications of treatment, and as rem-
porary and controllable by medication.

The radiotherapist 1s perhaps as important an agene for the rebef of
anety 25 s the alleviation of symptoms by the therapy itself. The
patient secs him as m control of mysterious and pow erful forces which
he can leash and unleash ac will, powers that can cure disease and pro-
long Iife. The patrent must feel sure thar the therapist 1s an expert
his fietd and so can contro} potentally damaging forces, and that he also
respects the pauient as a human being for whose benefit hie will unlize
these forces.

THE TERMINAL PATIENT

Few patients wish to know that they are going to die; yer the steady
detenoratton of thewr physical status makes it necessary for them to
handle the evidence of thetr own mortality. How this js done 1s a highly
ndrvidual matter (6). The psychological adaptation to the terminal
phase of cancer cannor be subtracred from the sequence of events that
have taken place since the begnmng of symptoms, or from th? totahity
of the pavent’s Itfe expenience  The quality of his relationship to his
family, friends, and physicn enormously modifies his reaction to his
physical deterroration  So many factors are operative that it is hard to
predice which will control the tone of this cxperience & calm realutit
acceptance of death 1 perhaps more common in the aged whose ties to
life have atrophred and for whom life itself may be uncnm@mhlc, of
where 1t 15 thoughe 4 “good Iife” has been fulfilled  But age jtself 15 no
guarantee that death will be calmly accepred. .

A number of mdwiduals blandly deny the evstence of serious illness
at all, and frequently show a very childlike, uncrmeal faith in the ph{
sican  Thts group s perhaps the easiest to manage as long as the
mechanism works, and 1s certainly che most comfortable for the physitin
A varant of the denving gmu;') that is far less comforable to h:mfﬂc
are those whose denial of the threat 1s fess successful and whose excessie
desmands for attenton and reltef of symptoms are in realiy frantie
arrempts to bolster the denal. Occastonally the threat of dcathhcaln 1;2
handled only by dwsplacement and obsessive ruminations nfh w : 2[0
essentially 1rrelevant or ummportant matters It 15 Jess fngl [T‘ciin
wosty about somerhing less umportant than death, mOrec}vcr, orvse e
thmling and hietle rituals serve the purpose of a mageal de]cvnsi.(;] o }:hc
tion by which feared smyury can be a erted, and are closely aki

1c ntualistic practices of prmmaves !
max% Cccrmm niycmfl’)cr of mdnfdunls will react to the threat off dnﬂc\ﬁllly:v
2 marked increase m therr dependent demands They are frantcai)
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It 15 rare to find mal mg or hysterical ¢ ion symptoms in the
termmal patients  Thesr complaints can usually be accounted for by
the seal disease present, or by anviety. That placebos or sterile hypos
may modify pam s not proof that no pain cxists, for even in normal
subjects the suggestve effect of these agents may well scrve to rase the
threshold of pam  The anvety asseciated wich pain can, of course, be
lessened by the evidence that something is beng done bout the pam,
which the admunsstration of a placebo affords.

The roles of Chlorpromazme and Reserpine in the management of the
anteties of cancer patients has not been adequately evaluated st the
present me  Clinueal experience with the usually recommended doses
does not show unequivocal henefie in all cases 16 niay well be that the
doses are nadequate, as evidence 15 accumulaung that sigmficantly larger
doses are nceded before the “tranquilizing” effects are seen.

Conflicting reports evist over the influence of these agents on pam
Nerther 1s an analgesic and their ability to modify the pain (hrcsho[S
15 no greater than placebos (7)  Nevertheless, if they can “tranquilize;
they may better control the “affectn ¢” quality of pain and hence decrease
the need of analgesies for sedatve purposes

FAMILY

The nature of the retationship betw een the naraes -1t ‘
any phase of -~ -
ship before il . o
spouses has be L, e cot plUGNE CAD €XPECE SUPPOLT and.sympix‘f ‘)1
m the preoperative or pretreatment phase with practical help in making
arrangements  The patient can evpect and can accept body nursing c':\r;
from the spouse when be rerurns home. He. will contnu¢ to be laves
despite impuirment of carnmg pouer, and, if the pavent xfs a \m‘r;mbn:v
her faiture to perform houschold tashs as effectively as before Wi i
well rolerated if not expected If advanced cancer d.e\dvps, the snsr:‘3
warmth and support can be expected, as v ellas supprcssx?n of th}c spusuuch
own gref with efforts designed to sustan the patient’s morsle 3 "
unions seem to be based on mutual affection and trust with no seriow
conflict m economtc or sexual matters .

A large group of marnages are essentully fagade e e
the partacers are indifferent or ambi alent e one another and € g e
from each other Such marmages seem to hasc been entere ll o
socioeconomc usmons without mutual nﬂ'cf:mn or trust, and Ix;( cdai"k
tion or trust develops Asa sule the wife is frigid and rh; husu::tl b
that hss legiemate sevual demands have not been met. l[*q P (lc‘?‘c\(‘s
wife feels that her economrc security 15 poor and the hushand

" marriages, 1 which
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that the wife 15 exploitatve and grasping  Such marmages appear to
endure because of socral pressures, or “for the children’s sake,” and often
buttressed by the wife’s desire for marnied status or by the husband’s
uilty 3t of dequacy as an adequate explanation
for failure of the marriage

In this type of marnage the panent can expect little help from the
spouse who 15 usually excluded or excludes himself from plannng for
treatment or for postoperatie care  Panents are vehement m protesting
their independence of the spouse, their lack of need for care, for the good
reason that none v ould be forthcoming if they should demand it. What
care there 15 15 usually symbolic, such as the prepaning of certam types
of food commonly held to be therapeutic or fit for the mvahd stomach

In many marriages the partners are frankly hostle to each other Here
agan the wife 15 usually friged and complains bitterly of her husband's
economic or other deficiencies  The husband 15 equally vehement abour
tus wife’s frigidiey, her greed, and her lack of mterest in lum  No help
may be expected from the spouse 10 any phase of the illness, no nursing
help 15 given, no emotional support 1s offered, and mdeed frank evpres-
stons of hostility are the rule  Duning the phase of advanced cancer
or the terminal phise the spouse tries to transfer as much responsibthty
as possible, and to have as Little as possible to do wirh the patient

Occasionally the hostile spouse may simulate the intercsted spouse
the early pretreatment phase, by forung the patient into treatment  This
15 not done for the patient’s sake but rather to prevent further deteriora-
tion of the spouse’s own posiion or the impoytion of an unwelcome
burden  Thus does not appear to be “reaction formation” m a majority
of cases as the hosnlity continues, and 1s very frankly eypressed

Tn an occasional case the spouse ox famuly may dramatically over-react
When this 15 not culturally felt to be an appropruate attitude, it represents
reacrion formation to profound covert hostility to the patient, Evidence
of this hostility 1s rather easy tn see.

If the patient has been the strong member of the family abour whom
1t pivots, the other members may nced considerable help 1 readjusting
their frves to hiy imvahdim or to his demse  Alarming sy mptoms may
precipuate disorgamizing panic related less to hostity than to powerful
realistic dependency needs  In those famibies wherc the patient has been
a verv dominanng parent, the children, even though adult, may find 1t
mpossible to force on him or even urge him to accepr treatment mtended
for bis own good

i ¥
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It 1s rare to find malingering or hysterieal cons ersion symptoms 1n the
terminal pavencs  Their complaints can usually be accounted for by
the real disease present, or by amiety, That placebos or sterile hypos
may modtfy pan s not proof thar no pan exists, for even 1n normal
subjecrs the suggestn e effect of these agents may well serve to raise the
threshold of pamn. The anviery associated with pam can, of course, be
lessened by the evidence that something is bemg done about the pam,
which the adnunstration of a placebo affords.

The roles of Chiorpromazine and Reserpine i the management of the
anvieties of cancer pauents has not been adequately evaluated ar the
present time  Clinical eperience with the usually recommended doses
does not show unequivocal benefit i all cases It may well be that the
doses are inadequate, as evidence 1s accumulating that significantly larger
doses are needed before the “tranquilizing” effeers are seen.

Conflicting reports exist over the influence of these agents on pain
Netchier 1s an analgesic and their abihty to modify the pain threshold
15 no greater than placebos (7). Nevertheless, if they can “eranquihize,”
they may better control the “affectiv¢” quality of puin and hence decrease
the need of analgesics for sedative purposes.

FAMILY

The nature of the relationship berw een the patient and his fnn‘nly duning
any phase of illness wall be directly related to the nature of their relation-
ship before illness (§). If, on the whole, the relationship berween xhe'
spouses has been wanm, then the patient can expect support and ‘sympafh'\
in the preoperative or pretreatment phase wich practical help m‘nu].mg
arrangements  The patient can expect and can accept body nursing cars'
from the spouse when he returns home. He will continue to be Josve
despite mmpatrment of earmng power, and, 1f tljc patient 15 2 \\m;mln.
her fajlure to perform houschold tasks as effectitely as before will be
well tolerated 1f not evpected If advanced cancer d'c‘clops, the s;m‘c
warmth and support can be expected, as welt as suppression of the spousc[s
own griet with cfforts designed to sustain the pauent’s monale  Such
vnions seem to be based on mutual affection and trust with no serious
conflict 1 economic or sexual matters.

A large group of marniages are essentally
the partners are indifferent or ambrvalent to one e ot
from each other Such marriages scem to have been entere m‘r »
socioeconomuc unions without mutual aﬂ'ccri(n} or trust, and lm)e{n( eds
tion or trust develops  As a rule the wife is frigrd and the huslmn(&l | ihc
that hus legitimare sexual demands have not been met Frcquer;’ } e
wife feels that her economic security 1s poor and the husband beliey

“fagade™ marriages, in \\)'nch
anarher and expect Jirtle
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that the wife 15 evploitatve and grasping  Such marnages appesc to
endure because of soctal pressures, or “for the children's sale,” and often
buttressed by the wife’s desre for marned status or by the husband’s
guilty accepance of cconomme madequacy as an adequate explanation
for falure of the marnage.

In ths type of marnage the pauent cin expect hedde help from the
spouse who 15 usually evcluded o5 excludes himself from plannmg for
treatment ot for postoperative care  Patients are \ehement 1n protesting
their independence of the spouse, theit fack of need for care, for the good
reason that none would be forthcanung if they should demand 1t. What
care there 1s 15 usually symbolic, such as the preparing of certan types
of food commonly held to be therapeutic or fit for the invalid stomach

In many marrages the parmers are frankly hostle ta each other  Here
agam the wife is useally frigid and complains bitterly of her husband’s
economc or other deficiencies  The husband 15 equally vehement about
s wife’s fngidity, her greed, and her fack of nterest 1 him  No hefp
may be expected from the spouse i any phase of the illness, no nursing
help 15 given, no emononal support is offered, and 1ndecd frank espres-
sions of hostibits are the rule  During the phase of advanced cancer
or the termunal phase the spouse tries to transfer as much responsibihey
as poswible, and to have as little as pmsible to do with the patient

Oceasiomilly the hostde spouse may sumulate the interested spouse in
the early pretreatment phase, by forcing the patient into treatinent  Thus
is not done far the patient’s sake but rather to present further deteniora-
uon of the spouse’s own postion or the mpostion of an unwelcome
burden  Th does not appear to be “reaction formaton™ 10 a majonity
of cases as the hostiity continues, and 1s vers frankly expressed

Tn an occasional case the spouse or family may dramatically over-react
When this 15 not culturally felt to be an appropriate attitude, 1€ represents
rection forminion ta profound covert hosibity to the panent.  Luidence
of thiy hostihity 1 rather easy to see

if the panent b been the strong member of the family about whom
1t prvots, the other members may need considerable help 1n readyinting
their Ines to iy maalidsm or to lis demse Alanming sy mptoms may
precipirate disorgamizing panie related less to hostiliey than to powerfu
realistic dependency needs. In those fanmilies where the pinent has been
avery dominaung parent, the chidren, even though adule, mav find it

nmpossible to force on him or even urge ham to accept treatment intended
for lus awn goad

1f termuml care 15 to be gisen w the home, the family may need con-
sderable support i dealing with the steady detenoranon of the pitent
The fanuly should le thoroughly aware of whar svmptoms or events
to expect They should not feel that the physician s iniceessible for
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cansulaations chat serve as seassurance, if for no other purpose. Tamily
members may feed personally responsible for the health and welfase of
the patient and consequently symptoms which seem very minor to the
physician may appear 2 major threat to them because of the imphcation
that they are neglecnng theic dutses to the patent. If there has been
ambivalence towards the pacient, the implication may be particulasly
difficult to endure. :

Even in the successfully treated patient there ace numetaus prabilems
10 be met g he remeegraces humself with fanuly hfe. His famuly is aware
that he has Jost a lung or a large section of 2 Jung, He may well be
regarded as more of an myvabid than he is, and the faouly's own hypo-
chondracal nataos af body ingury may be projected on the patient with
consequent vverprotection or troublesome restrictions, The patent him-
self may express hosulity or depression by querulotsness and ireeability
wiuch can serausly distupt family celationships

The spouse 1 the prefesred source of nursing core,  When one is not
available, adulr children must reluctanely be relied on.  The mnpact of
aursig 2 sick parent on these children may be severe if jt is protracted
There may be considerable detersoratton in the child's own marriage.
The chrldren, especially the daughters, seaously resent the restriction of
their freedom, which may be described 25 “bving in a nusneey” The
onsct of their own “old age” 15 dated from the eme the parent came
under ther care. Many children, espcchny those of old men who are
mvalided, wish thar the parent had died ar the tme of operation eien
though be 15 apparently cured of diease. Old women who have been
cured of cancer and who are invalided to some extent may be betrer
tolerated because of their funcrions as baby-sirers or auxihary housch\:ﬂd
help The destructian of the fauly patcern may evtend mto the third
g and have been d ated of traancy and sanming
away from home i grandchiidren of patients who are bemg then care
of by their married chufdren. ’

The patient 55 quite anare of the distuption he 15 causing. AThc VEIY
fugh value pur i our cystlzanon on self-sufficiency and heiping uthers
but not refying on others makes it most difficalt fo accept 2 d:pc'ndmf
role  The restoration of a measure of independence or self-sufficiencs,
even if largely symbohc, 1s 2 sme gter non for the rehabiitation of these

panien(s

Famuly anxtettes may well be avons
cancer, Chronic cough has traditional
cabile disease and the pavent thought to be
navious emanations. There are instances ¥
ally solated from other members of the houschold

d by the possibafity of “ca(ching."
Iy been associated with communi-
; emitting cancer cells or nfher
here panients hase been virm-
even to their food
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bemg served on platcs resersed for them and their laundry isolated.  They
are treated as Jughly infectious beings

In general 1t should be stated that where relanionships before the illness
fhave been good they usually continue to be good and prove assets to
the patient.  When the relanions within the famuly have been poor before
tiiness they usually deteriorate and offer httle m the way of posine
support, or may be frankiy detnmental  Sausfactory solunon of these
prablens may be beyond human ingenuity  Nevertheless, the physican
can secure considerable help these areas from socsal workers or famly
agencies whose traning has accustomed them to working constructively
with fanuly groups

THL DOCTOR-PATIENT RYLATIONSHIP

Fortunately most patients do not present serious problems 1n manage-
ment  Nevertheless, almost all patients with serious disease whase treat-
ment imphes a profound threat to the integrity of the body and s
function, do have emotional problems  Some of these may result
unnecessary reserician of function or unnecessary unhappiness  For the
solution of these prablems the pauent’s first chowce, and indeed n most
instances the most effectine person, 1 hus own physician or surgeon. The
psychataist can be useful in the mynagement of psyctuatric emergencies
He can also aid 1 evaluaning the panent and gwiding the surgeon or
physician

The therapst, be he radiologist, surgeon, or physician, of a case of
cancer of the lung, or of cancer or senious aliness of any sort, 15 ivolved
in as brsh a “transference neurosn™ as any psychiatrist  The physician
may be seen unconsaously ar at the margnn of aw areness as having com-
plete power over the course of the dsease  In some disturbed ndividualy
hie 1s even seen as having the power to cause the disease  He becomes
erected into an all-powerful parental figure capable of reward or pumsh-
ment, capable of protecting or abandoning the patient  Consequently, of
he can Le secn as & warm and supportne figure, the threatemag aspect
of the all-powerful parent 15 corr:spnmlm"h redoced and the patent
can trust the phy sictan and talk over tus preoccupations and rununations
without fear of hostthty or rejection Whenever the physician remains
cold and distant, or cannot accept fus panent’s fegitimate dependent needs,
the patient 1s depris ed of a powerful defense aganst anxiety and undesir-
able posttherapeutic reactions  If the panent 1 luchy, he can consnce
himself that che physician s a trustworthy figure by virtue of the fame
of the nstitunion with which the physician 15 connected, or because of
the physictan’s own great enunence which the panent usually magmfies
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These reassurances remam at best far less effective than warm personal
rapport.

The physican should scek out and correct physialogic misconceprions,
as these are the bases for the patient’s later actions and actwities. Such
notions mclude the behef that the loss of 1 nib has seriously damaged
the subjacent thoracic structures or the heart, or that the thoracic wall
is now weakened, or that the Joss of part of the lung has serously weak-
ened the entire body apart from the obvious limitation that is based on
respiratory functron, or that the surgical evperience itself apart from
what organs have been removed permanently depleted the body of valu-
able energy

The physicran who undertakes the care of the cancer patient has
assumed an onerous personal burden. The surgeon’s responsibifity cannot
stop when fis surgical work 1 finished, nor the radiologist's when he
has outhned the arcas for treatment and delnercd the patient to the
technicians  The panent very much necds to be treated as 2 human beng
and not simply as the bearer of an mteresting lesion.  He needs desperately
to relate 1o these powerful figures whom he has enlisted i his defense
agamnst the forces of darkness, and of whose bemgnity and helpfulness
and interest m him he needs constant reassurance

The physician should not allow his own guilt for being unable 0 do
more than grve palliation, tempt him to averd or to abandon the patient
Avordance or abandonment will be interpreted as evidence of hopeless-
ness, or of unworthmess which may reinforce a sense of guilt More-
over, the physicran should not neglect the fanmly, for it i with them
that the emottonal problems may be most severe i

If 2 patient has been sent to treatment centers, the referring physician
may not be kept fullv nformed of progress of treatment of the disease
or future plans  Consequently, w hen the patient is sent home the referning
physician may be frightened by the physiological or t.hcmpeunc problems
presented, or repelled that he 15 called in merely to give opiates. 1f there
has been 2 good rapport bets een refernng physican and treatment cmtvc’f'
the transition of the patient from the hospital to his home und’hxs physi-
crany’s care ss greatly facilitated. This in turn nu}ms the fanuly’s pmh!cln:
easter, for if rapport has not ewsted, the family physican frcquen!')
makes his lack of understanding of the problem only too clear to the
family This m turn mcreases therr fechng of being abandoned with 2
sick berscn for whom thev can do hutle.

INFORMATION

There is a recurrent question—-should the doctor tell the patient he has

cancer> In this form this questton cannot be answered because it pre-
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supposes a standard doctor, 2 standard panent, and 3 standard cancer,
none of which euists  Probably most patients can withstand the knowl-
edge that they have cancer without total disintegration, but 1t 15 never a
plessant expenience and serious psy chiatne difficulties have been precip-
tated by it Informanion about a shin cancer s considerably casier to give
and to recewve than that about cancer of the internal organs, such as
cancer of the lung  Moreover, doctors differ greatly i their abilinies
to handle anxieties, to practice the “ary of medicine

Our a1m 15 not to give each panent an educarion n cancer but to permt
tim to co-operate with therapy with a nuumum of anviery.  The phy-
sieiin must remember that the capacity of a patient to integrate threaten-
ing informanon may be hmited  When he mcets 2 panent who demes
whollv or m part the existence of hus iliness, unduly ounimizes symptoms,
or refuses to draw a reasonable nference about s illness from the
evidence around hum, then the physician should realize that he may well
be dealing with a person whose ignorance 15 strongly motnated and
purposeful  Such *ignorance” had letter be respected because senous
disorgamization mav be preciptated of unwanted hnowledge 1s forced on
the patient

The “how” of telling 15 Just as important as what 15 told  If a good
relanonstnp evists between the phvsican and patient, speesfic snforma-
ton becomes less important and unpleasane nformation easier to m-
tegrate The patient is less mcerested m an acadene diseussion than in
being assured that the physician, bis ally 10 times of threat, can manage
the disease  The patient cares less about what atly tum than that he s
going to ger well

As a matter of fact, no physictan fullv lies to the patient and none
wholly telly the truth  Tving to the patient entanls the offening of a
course of action consntent with the e One would therefore have to
tell the patient with operable cancer of the breast that she necded no
operanon*  One would hive to tell the patient with operable cancer
of the rectum that he needed no operaton We would have to tell the
paient with operable cancer of the lung that no surgery was indicated
On the nther hand, cven the staunchest advocates of truth de not tell
patients the exact percentage of chance they have for surinal, or deseribe
the routes of spread or explun thit m all probalnlies the cancer has
alreadv reached tnaceessible Ivmph nodes, chat 1t will ultimatelv metasta-
size to the lver and possibly to the brun, or that, mreresungh cnough,
carcinoma of the bronchus mav oceasicnallh ivolie the adrenals and
simulate: Addnon’s diease A medical schon! Icture to the panent of

* Not infrequently a pauent w11} accept the statement that he or she has 2

benrgn lesson thac must be treated surgeealls . despice the true malignant ninre
of the lewen ~Ln
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such a nature would cause the patient to leave by the nearest aperture,
be 1t door or window. It should be noted in passing that physicians
regularly overestimate the power of their colleagues to absorb damaging
miormation when they are patients. The physician, who might have
gone 1ato medicine in order to master his own hypochondriasis, may be
Ro more able to ntegrate the anviety of threatening death than any other
human being.

The problem of what to tell the patient and how the patient uses
this information can never be predicted 1n advance by formula. How,
when, and how much mformation 15 imparted to a given patient s alw ays
4 matter of the most evquisne climcal judgmen of the physician  Such
discretion 1s the dist + 1c of the art of medick

h
char

TOBACCO SMOKING

The phystcian must sometumes persuade his patient not to smoke. Most
patients wich Jung cancer will stop smokmng spontaneously and perhaps
after cancer has developed it 1s of acadermc intterest whether the patient
stops or not

The physicran’s atticede toward smohmg will inevitably be aﬂ‘ccteq by
whether he lumself smokes or whether he has ever stopped smoking.
There are few arcas of medicine more subject to firm opinion and less
fact than in the discussion of why peaple smoke or why they continue
to smoke. It should be remembered that swhy people start to smoke and
why people contmue to smoke are probably two different things ’ljhc
indrvidual first begins to smohe, usually i his late teens or c:\rly twenties,
as a result of social pressures It 15 conceived of as fashionable or as
adult, Among boys, cigarette smokmg 1s frequently a symb‘cIAof mascu-
Loty To the voung adolescent, sure of neither his masculinity nor his
aduithood, the assumption of adult masculine habits can be very reassur-
1ng, so reassuring that much discomfort dunng the dexelopment of toler-
ance to mcotme can be endured,

Once tolerance to micottne has been established, otlne{ fac:ors enter
i Convennonal psychoanalytic hterature describes the ‘or:.xl mf’un(t;i:
plessure from sucling  There 15 also a d:scha'rge of tensions x_rIl-h :
actisttes assocrated with Iighting and mampulafxng a cxgnrme.td ; e:n
15 the pleasure derived from the taste and a certain pleasure dcrfv fm "
the irritation of the trachea and broncht by smoke, perhaps derived m‘r’rs
the destre to “incorporate” something or someone. There a:;c nur:lccll;ﬂl s
cues which suggest smoking, such as certain types of food, espe ‘on}s
coffee or aleoholic drinks, or certamn siruanons, for example mter'rmssx‘ s
at the theater Tobacco lessens the demands o.f. hunger and fmgutﬂ;,\:
mhibitng gastric motility and perhaps by raising blood sugar.
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tobacco smoker has with him throughout the day numcrous reminders
to smoke, both from withimn and from without

There can be httle doubt that smoking represents “addiction,” alber
to a mild degree. There 15 a recogmzed habicuation to micotine and a
tolerance thereto  Sudden withdrawal results in a well-recognized set
of symptoms lethargy, uritability, restlessness, craving, and bradycardn
These symptoms, plus the ever-present internal and externl cues to
smoke, make 1t most difficult for the poorly motivated “addict” to stop
smokimg  In addition, the almost invariable and widely known weight
gain which takes place following cessation of smoking s 2 potent motive
for many people to continue smoking

CONCLUSION

Any cancer patient 1s a permanent patient even when his cancer 15 m
reality cured. There 15 usually some serious change in body form or
function which may require considerable medical superuision  There
are numerous family problems which may be brought to the physician
There 15 always the fear of recurrence which makes symptoms of banal
ilinesses threatening and which drives the survivor to seek reassurance
from his doctor

Unfortunately 1t 1s only too rare that a pament with lung cancer 1s
cured and can be dismissed.  He must always know that his physician
15 avalable to m for gndance, help, or reassurance so that physical
pallation may be accompanied by mental pallianon and that the time
saved can be useful and happy for him and others
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Benign Tumors of the Lung;
Benign and Malignant Tumors of

the Trachea; Tumors of the Pleura
Hernerr C. Maicr

BENIGN TUMORS OF THE LUNG

Although thus bool 15 primarnily concerned with ail the vartous aspects
of malignant tumors of the lungs, a buef discussion of betugn tumors 1
herewith included m order to clanfy the differential diagnostic features
These benign neoplasms may be considered in tvo groups according 10
the site of the growth  There are (1) bemgn endobronckml tumors, and
(2) arrcumseribed bemgn tumors of the pulmonary parenchyma, It
should be noted that the controversial bronchial adenoma and cylindroma
are not constdered with the benign tumors but have been discussed as a
separate group among the malignant growths Tumors of the pleura,
both bentgn and mafignant, are constdered n a sepacate section of this
chapter.

The meidence of berugn tumors of the bronchi and putmonary paren-
chyma 15 somew hat difficult to determine because certain nny growths
can readily be ovetlooked at an autopsy done m a routme manner, More-
over, many of these tumors, when smafl, cannot be identified on roent-
genograms of the chest If considerstion is limited to those cases in
whuch the umor ateams some chatcal sigmificance, the benign neoplasms
may perbaps constitute | to 2 per cent of all pnmary tumors of the lungs.
The medence of 3 to 5 per cene quoted ut the hterature some years agd
now seems oo high because of the great increase in che occurrence of

cancers of the lung

Bexiey Exposrovcniar Tuniors
Bemgn tumors which amse from the bronchia) wall and project into
the lumen of the L hus v 1chout signifi ext into the adjacent
445
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copy 1s indicated m any case in which there is a susprcion that the pul-
monary infection might be secondary to bronchial obstruction.

The treatment of bemgn endobronchual tumors depends on the loca-
uon of the growth, ns pathologic characteristics, and the presence or
absence of sigmificant distal secondacy suppuracon. I a diagaosis is
made before significant infection has developed distal to the site of bron-
chial obstruction, local endoscopic removal of the tumor may result in
cure  Because it may be difficult to determine bronchoscopically how
far the base of the growth extends into the bronchual wall, 1t is usually
not possible to be certam whether the lesion has been completely removed.
For this reason transthoracic resection of the growth by bronchotomy
and plastic reparr of the bronchus may be preferable, especially if there
15 any doubt about the patiiol char, ics of the neopl: if the
endobronchial tumor 15 focated 1 one of the smaller branch bronchs not
visible bronchoscopically, and no tissue for biopsy can be obtained, 2 defi-
nite dingnosss usually cannot be made preoperatrvely. In such cases,
resection of the mvolved poreton of the lung is mdicated. Even in those
cases in W huch the tumor can be removed bronchoscopically, pulmonary
suppuration secondary to the bronchial obstruction may have caused suffi-
ctent bronchtectasis o require removat of the mvolved porgion of the
lung  Lobectomy or pneamonectomy, depending on the location of the
tumor, 15 then indicated  The radical operation should be postponed if
the patient s febrile or has signs of toxemia from infection, because in
such an wnstance parval removal of the tumor bronchoscopreally will
cause partal subsidence of the tmfection and will render che pattent a far
safer candidate for later radical surgery,

Circu nascrimep Bengen Tuators oF Tr PULMONARY PARFACHI A
Ctrcumscribed benign rumors unassociated with a bronchus and lo-
cated m the pulmonary parenchyma are rare. Incfuded m this group are
chondromatous hamartom, fibroma, leromyorna, lymphocytoma, geuro-
fibroma, ‘anthoma, and pLu,Mnma, There 15 nothing charactersstic
i the clincal picture. The exace diagnosts is often not estabhished unul
the tumor has been remoyed surgically  Stace tumors in the pulmonaty
parenchvma rarely obstruct any large bronchus, the symptoms of broa-
chial obstruction and secondary suppuration ate ysnally absent. H the
tumor 1s small, there may be no symptoms and the lesion may be a chance
findmg on 4 rounine chest roentgenogram or at autopsy. There may bea
cough which s often nonproductive Hemoptysis and chest pain :mf
wnfrequent. Definute differentration of benign tumars of the pl:llmnnnf'\
parenchyma from bronchogenic carcmoma 15 usually ot possible, 35 2
carcinorm of the lung may be just as sharply circumscribed on the roent-



LUNG, TRACHEA, PLEURA +49

genogram as a benign tumor. Lobectomy, erther pamal or total, will
usually suffice

Chondromatous hamartomas are the most common of the circum-
scribed bemgn tumors of the pulmonary parenchyma (Fig 153). The
term hamartoma 1s derved from a Greek word which means “to err.”

Fig 153 Asymptomatic tumor mass in night upper lobe of a 35-year-old male ~Local
surgreal excision was performed for this chondromatous hamarloma

The twmor 15 due to a malformation 1n whuch there 15 an abnormal mivung
of vanious normat components of the organ  Since these intrapulmonary,
hamartomas consist largely of carnlage, thev have wsually been called
chondromas  The presence of other structures within the tumor makes
the term chondroma unsatisfactory  The characteristic chondromatous
hamartoma of the lung 1s a soltd tumor which consists of bemgn meso-
dermal and eputhelia) elements  Among the cartilage one finds cysthhe
spaces lined by columnir epithelium,  Smooth muscle, mucous glands,
and fat are also wsually present  The connectine itssue miy be myvoma-



450 LUNG, TRACHEA, PLEURA

tous i type Bone 1s occasionally present. In contrast to true chon-
dromas, which arise from the bronchial carttlages, the hamartoma is
usually located near the periphery of the lung, where no large branchi
are present  In some instances the tumor may be directly beneath the
viscera] pleara, or may even project atiove the patmonary surface  The
adjacent lung tissue 15 usually normal,

A correct diagnosis is rarely made preoperatively because the roentgen
appearance stmulates that of other pulmonary lesions. At operation it is
mmportant for the surgeon to recognize the true nature of the lesion, so
that only the involved portion of the lung 1s removed. Local excision or
partia] lobectomy 1s usually ad, Mal d ion s ap-
parently a very rare occurrence,

The benign tumors of the pulmenary parenchyma derived from nuscle
and nerve cells are very rare. Most of the reports of these tumors e
appeared recently because such growths were often classified as fibromas
m the past, Yer even the older hterature conains very few reports of
fibromas within the lung thar were not endobronchial.

Lymphocytomas and plasmocytomas are very uncommon. Differentia-
tion between bemgn and malignant forms of these tumors 15 uncerrain
Moreover, 1 some cases it has thus far been impossible to be certain
whether certan tumefactions m the lung are of inflammatory or neo-
plastic ortgin  Fever and other systemic reactions may be noted in some
of these patients  Morphologically the tumors may simulate xanthomas,
fibromas, and plasma cell tumors  Further ewperience is necessary to
solve this question

BENIGN AND MALIGNANT TUMORS OF THE TRACHEA

Primary ncoplasms of the trachea are rare. Pumary carcinoma of the
rrachea, mn sharp contrast with carcinoma of the bronchus, continues to
be a rare lesion  Ellman and Whittaher collected a total of 507 tumors
of the trachea from the hterature up unl the end of 1945, ‘These umors
were divided as follows bemign tumors, 253 cascs, carcinomata, 187 cases;
ather malignant tumors, 38 cases, and tumors of duulztr’ul lus!n]log.v. €9
cases  The number of benign rumors this series is proportionately
agher than thar of some other reports because alll.mst a 'thxrd of ':hc
bemgn tumors were cases of tracheopathia osteoplastica, which describes
the condicion of muluple exostases of the trachea, many mught not con-
stder ths to be a truly tracheal tumor Papillomas constituted the next
most common type of benign tumor of fh° trachea  Here too a sha:p
line of distinction hetween a hyperplistic prohferation 1 response 10

; ¢t an certan in-
chronic inflammanion and true neoplasit may be difficul
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stances  About 15 per cent of the bemgn tumors were fibromas and 10
per cent were mtratracheal gosters

Although that report, like many others, hsts the adenomas and mned
tumors of the salvary gland type including eylindromas among the be-
mgn growths, it would seem preferable to lst these cases among the
malignant tumors, bearing 1 nund therr slower growth pattern . Among
the cases Listed as carcinomata, an analysis revealed the following distn-
bunion of histologic tvpes adenocarcmomata, 47 per cent, squamous cell
carcinomata, 41 per cent, and basal cell carcmoma, 12 per cent.

The symptomatology of both benign and malignaat tumors of the
trachea may be considered together because i the earlier stages when
duagnasis 15 desirable, the sympromatology of the malignant growths may
not differ from that of the bemign tumors Tickhing of the throat with an
ieritaung dny coughi s often the first complaint VWheezing of a stridor-
ous character may be noted as the growth mcresses m size and en-
croaches on the tracheal tumen  All too often such wheeang 15 errone-
ously 1nacerpreted as a sign of bronchul asthma  Dyspnea appears as the
tracheal obstruction mereases and may ultmarely become a very pronu-
nent symptom with charactersstic tracheal stndor  The dyspnea may be
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Fig 154A and B Inspiratory ond expiratory roentgenogroms of o 34 year-old
waman with history of brassy eough productive of blood finged sputum, and weight
loss  Routine film in mspiration fais to demonstrote any abnarmaty whereos the
film in expiration shows displacement of the mediastinum to the nght dus ta obstructive

of the left lung revealed a carcmoma of the lower trachea
predominantly involving the left nide
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1

Fig 155 Lateral roentgenogrom of patient with carcinoma of the Tower trachea
which encroached upon the esophagus, causing soms dysphogia in addition fo
dyspaea
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both inspiratory and expiratory 1n type and at times 15 influenced by the
patient’s position  Malignane grow ths of the trachea may insvade through
the wall and cause symptoms such as dysphagia from esophageal imsa-
sion, or hoarseness and euphoma from myolhement of the nerve path-
ways adjacent to the trachea  Loss of weight may occur with the malig-
nant tumors

Physical e may reveal prolong; of msp or expira-
tion, or both, over the lungs bilaterally. Sometimes when the growth is
located 1n the lower trachea on one side, the auscultatory changes may
be more pronounced on one side or limited to one Jung  With malignant
tumors, metastases tight be palpated in the cervical region

Routtne roentgenograms of the chest are often negatnve and ths fact
mav lead to undue delay in establishing a correct dugnows  Careful
fluoroscopy may be more informative in cases of lower tracheal tumors
that encroach on one main bronchus more than the other, m such -
stances medrastinal shift with respiration may be noted (Fig. 154 A and B).
Tomographs of the trachea may be helpful Bronchescopy 1s the prin-
ctpal means by which the diagnosts 1s established  The type of rumor
may be determined by bronchescopic biopsy. Roentgen evamnation of
the csophagus s desirable i order to determine whether the adjacent
esaphagus 15 also mvolved (Fig 155)  Endoscopic mspection of the

phagys 1 d 1n mal cases In some cases of carcinoma it
may be difficult to estabhsh whether the growth arose in the trachea or
esophigus  Secondary imolhement of the trachea by carcinoma of the

upper esophagus i not When a pl has produced a
tracheoesophageat fistula, the carcinoma usually 1s primary i the esoph-
agus

Treatment of prinary tumors of the trachea depends on the nature
and extent of the growth. Benign tumors may be treated by endoscapic
removal or surgical resection, with plastic reparr of the tracheal defect
Most malignant neoplasms of the trachea are treated by radition therapy
preferably wath supervoltage  In less extensi¢ carcmormas of the trachea,
and especnally with locabized ey lindromas, surgical exenon with tracheal
recomstruction may be the treatment of choice

TUMORS OF THL PLT'URA

The hterature on tumors of the pleura 1s quite contradictory because
1t 15 often dificult to ascertain thit a particufar neopfasm arose from the
pleura rather than from the underlying pulmonany ussue  Voreever,
there are many tumors of the chest wall, meduasunum, and duphragm
recorded i the literature as pleural tumors because thes projected evren-
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sively mto the pleural space, alchough the o erlying parieral pleura was
merely evaginated meo the pleural cavity, It would scem best to re-
serve the designation of “tumor of the pleura” for those cases in which
the main bulk of the leston hes within the pleural cavity and the neo-
plasm shows certain pachologic characteristics which sugg‘cs( origin from
one of the component cellular elements of the pleura  Actully clinical
expertence has demonstrated chat a rather distmctie group of fumors
fulfilling these requirements can be recognized.

Although primary tumors of the pleura are uncommon, such neoplasims
arc now bemg encountered more frequently because of the increased use
of chest radiography and surgical exploration of the thorax. The clinical,
roentgen, and pathologic charactensucs of these tamors vary, but -
creased evperience with such lesions points to certain features which
should suggest thetr consideration n differential diagnosis.

Primary pleural tunors may conveniently be divided mto localized
and diffuse types  Usually the climewn thinks of the diffuse lesion, namely
the malignant diffuse mesothelioma, when the subject of primary neo-
plasms of the pleura 1s considered et the locahized type of tumor 1s not
as rare as previously considered, and s recognition is, in a sense, of
grearer chmeal value because of 1ts more successful therapentic manage-
ment
At thus pone 1t mav be well to recall thar the pleura anatomically
consists of a laver ot connective tissue cosered by a layer of mesothelial
cells. Within thie connective tissuc are smooth muscle, fat, bload ves-
sels, lemphatics, and nerve fibers  Tumors could arise from anv of these
components of the pleura.

Stout has recently shown wrth the aid of nssue cultures thit in all

probabifiey the localized pleural cumors which hie been reported a5

flbromy, fibresircoma, nnxosarcomy, leomyosarcomy, and endothein}
\ M0aarC oM, ICIOIy T i

sarcount ate aceually all vapations of the same mieoplasar,_naniely ~ the

saliary mesotheltoma of The pleurs The tisue culture stiidies demons
steated that a pleumor composed of cells with the microscopic
appearance of fibroblasts utated the behavior of mesothelal cefls n
vitro, Thus tumors of miesothchal ongn may present the microvcopic
appearsnce of a fibroma or fibrosarcoma A\ln{cmcr, same of these
so-caffed fibromas show ed areas sics tricsachehal Ninod spaces such as are
not seen w2 true fibroma, Many of the previously reported fibrosar-
comas showed np menstases even though the tumor had been present
many y cars and had attamed huge size  Therefore, i was often uncertain
whether the growth was u 7 e Tarer ould scc;x;
probable that some of the . £ actually xr' sh(y,u d

be emphasized that the his. + 0 betw nd mahg-
nant may be uncertain.
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Pleural tumors are most frequently attached to the visceral pleura.
Often the greater part of the nass 1s free in the pleural cavity with both
visceral and pametal attachments  Primary pleural tumors occur m all
deczdes  AMahgnant pleural mesothchioma 15 not uncommion under 20
years of age in comparison to the extreme ranty of malignant pulmonary
tumors 1n that age group

Most localized pleural mesotheliomas do not produced significant pul-
monary symptoms  Chest pan 1s usually present onlv m the malignane

Fig 156 (A} Asymptomati tumar in the left midlung field discovered in a 50-yeor-old
woman  The lateral film (8) shows the rounded fumor In the midchest supenmposed
on the hilar shodow The preoperative difficulty 1 deciding which lobe was the site
of the tumor was explained at operation which revealed the mass to be in the mfer-
lobar fissure, pedunculoted from the upper lobe without pleural adhesions  Aicro-
scopically this was o typical benign mesothelioma  Patient well fen years later

mesothehomas  The bemign mesothehoma usually appears as a rounded
mass of greatly varving size Points which may ad 1 posably distin-
guishing the locahized bemgn plevral mesothehoma from merapulmonary
tumon are 1) location af tumor corresponds to the site of an mrerlobar
fissure or periphery of lung, 2) symptoms are usually absent untl the
tumor ateamns large size i contrast to many bronchogenic neoplasms, and
) pulmonan osteo-arthropathy of long duranion 1s nat uncommion espe-
wnalhy of the tumor s hirge and vaseular

A poscne charcal dugnosss of pleural preoperatssely
> nevertheless vers difficult The treaument of bemgn mesotheliomas
consits of surgical exaision of the tumor with a small portion of the lung
at the site or sites of atrichment. unless the tumor msolves a sufficient
area of the pleura to require a parnal pulmonary resection (Fig 156)

The diffuse malignant tvpe of pleural mesothehoma often sinulates a
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pleural effusion  Fever may be present. Cough and sputum are not
unusual  Hemoptysis occasionally is present “The roentgen findings
are usually those of pleural effusian, sometimes encapsulated (Fig. 157§
Thoracentesis yields bloody fluid in varymg quenuty. The dmfmosis‘
may be established by mucroscopic examunation of this flud Tco:often
the matersal obramed 15 not sent 1o the Yaboratory because it 15 assumed

S
Fig 157A and B Roentgenagrams of u 12-year-old boy with a histary of chest
pamn, coughing, and shight fever Roentgen appearance typieal of a large encap-
solated pleural effusion but needle aspiraton yielded only a few draps of blood which
on microscopic exammngtion showed malignant tumor cefls  Plevropneumonestomy
performed. Patient died of recurrence without distant metastasis twa yeors later

to be frank blood. Thoracotomy 15 mdicated bue the lesion may be
moperable  Radation therapy may give prolonged pallanion in some

cases
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20
The Outlook

for Cancer

Corxrrivs P. Ruoans

It is perilous indecd to Prognosticate the future, partrcularly if the view
taken imvolves to any degree the personal bas of the observer. The nisk
15 taken, however, in the particular instance of this commumication, with
full knowlfedge of the pertl, wholly in the belief that its presence may
at worst be useful in arousing discusston, and at best ad n influencing
the course of future cancer work.

Tt seems to this observer that the accepted consideration of the cancer
problem, and the approach to its solution, has become overcomples and
somew hat removed from realiy Actually, as all would agree, were the
question rased, we are strving for the better prevention and cure of
cancer m man  To achieve these two desirable ends, very substantial
sums are contributed annually by generous, puhhc-spxmcd citizens
These funds are expended upon the advice of groups of indiwiduals of
the greatest integnty, highest motives, and completely established general
scientific competence

The members of these expending, executive groups, created v ith great
care over a period of years, are selected upon tv o assumpfions, neither of
which perhaps 1s really justified by the facts The first assumption is that
the masters of extirpative treatment of cancer (by surgery or irradition)
and the experts 1n the recognition of cancer on morphologic grounds are
best qualified to seek its cure and prevention. Lven an indnidual with
the best intentions, the sturdiest character, and the broadest vision finds 1t
fhard—after years of fabor C‘(pcnded m perfecang a cechaique—to ghe
over the planming function to another mndn idual with an entirely differ-
ent background and traming

Hence we hear deprecatory comments concerning the efforts to achicrve
control of cancer by chemical means. Since such control could not
under presently comprehensible exrcumstances decrease, or even threaten
to decrease surgical or radwlogic therapy, one can only view as dis-

458
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unctl) unpsified the current concern of surgeons, tradiologsts, and

Such d are unforturate and | handicsp
thc effort to seck new mc(hnds by himitng the mvestigatars 1o those
sadividuahy 1 mediine who are prepared to face the opposinen of the
dnungnshed masters of the rechmques afready entrenchied s meful in
present-dsy cancer controf

The secand assumption, beheved by this wreter to be erroneous, s that
sufficient baste mfornation s ot ver avalable o pusnfy an mtensie
program dessgned 1o achieve new means for the cure and prevennon of
presenly vprontroflable vypes of cancer I years gone by ths was
correet and fed 1o the use of a very farge part of the cancer funds—
hoth public and private--ca support and increase the generat scienfic
actisiey of the cauntry A4 @ consequence, 2 substantial share of the sup-
port of natoral science departments m the Amenican umversines 15 de-
sved from cancer funds  New personnel were tahen on, new activities
mvnuted, ond new responsstnbines asumed  The work 1 good, and
geverally valuable  To drconumue 1t would be incredible, a dangerous
return 1o the irrdequate levels of mvesugame work of a previous sad
ubselere decade  Yer fo conunue ar the current devel of support wathour
adequare nes. funds bemng made svadable deters the development of new
actvities indicated by the progress already made It 15 tantamovnt to
eternal prospecang and never puttng dowa 4 mme shaft o the ore
deposis faund.

The question then becomes ppe of whether or not the vast geners)
effore of the past decade has broughe in the needed basie mformation
to yusufy a new, developmencal progrant s winch the advantages gamed
would be vigoroushy expladted ad new dicacertes would be developed
mio pracocalls appheable proceduses AR essdence would indicate ther
such a develnpmental program s n arder

What, then, are the faces®  They ippear--and probably are—~as follows

1 Cancer aced no longer ke reganded as a “nddle” ar @ “mystery,”
those long-vurmaeded thehes, We sce cancer anw and expect ta sec it
even more cdearhh a0 the future as just another example of Darwinism,
of the mutabibies of cellular species and che sunsval of the firtest for
the enswonmene wt which ¢ finds el Clearhy then the problem ot
eancer cure becomes one of destroying evers cancer cell or permanently
restrmnng thesr grosth The pmmom of preventon becomes one of
defimny che binchemial eircumseances indueng the mutinon (which
restilts W the pl celly and che b al envtronment which
permits the granth of the cancer cell at a rate excetding that of 1es naema
refatives and parents

2 From the wark of Brown and his colleagues (1) there » a nev
principle which offers 3 clear, Jogical, and effectese approach o the selec

*
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trve destruction of the neoplastre cell without inury to ns normal relamnes,
This prinesple 15 called “the heterngeneiry of nuclace acid mesabolsm ™
This term, rexlly not so ponderous as 3¢ sounds, js simple indeed but
sufficientdy Lasic to open to i estigation entirely new areas of biology,
pharmacology, and experimental therapeutics  Succinctly expressed, 1t
means that the compostt. d so the hol; f nucleic acid, the
reproductne unir and control board of all brolagic wmits, 1s specific far
each cell type and very probably specific for the varous stages of
development and differentiation within those types. In ather words, each
kind of cell has ws own chemycal requirements for the comporents used
m the reparr of ats controlling reproductive structure,

3. The possibility of selectine destruction of neoplastic as compared
with normal cells, growing ar esactly the same rare m evactly the same
ensrronment, has now been unequivocally demonstrated. The proof of
this basic and somew hat res oluttomary principle has come out of studics
by Stock, Biesele, Phulips, Clarke, Sugura, and therr associates (2)  This
posstbihity 15, of course, fundamental to any program of chemotherapy
and is one vanly sought by research workers of former vears, Lven
though this principle has been only slowly accepted and sull is not
generally recogmized as basic, its unplications are mmportant, ndecd, per-
haps they are revolutionary. It concenably means that we do not need
1o sech eternallv for some secret as “mysterious 25 the nature of Iife iself,”
but rather can apply principles and procedures amply proven to be
effective m elmnaung other forms of invading and destructive cells
Ths can be done easilv and effectively for bacteria, fungi, and protozoa
without actually knowing all 2bour the nature of life, and st 15 now Tikely
that 1t also can be done for cancer cells Indeed, it has already been
accomplished for certam types of transplanted cancer in expenmental
animals

4 Haman cancer 15 aow available for test, cultdsated m the test tube,
in the embryonared fow ! egg, and m suttsbly treated experymental :mu:!:ﬂ\,
The importance to future work of this dc\e]np!)lt{l[ can scarcely be
overestimated, although 1t 15 heele zlpp!‘f.‘l‘i:ltc'd at this time, E‘”-Y known
principle, laboriously worked out and painstabingly proven, mdlca%cs
that the control of cancer or any othet mvadmg cell depends upon specific
susceptibility to inqury of the umt of which control s desired. ;\"n
essential corollary 15 that a chemrcal or combinatian of chcm':m)c capaie
of potsoming one cell type (for example, the malana parasites) :sfmt;\;;
unlikely to affect adsersely even closely related units ﬂ\""P)‘?’h" ﬁ‘cm
extraprdinary specificity of susceptabnhity are fmfnd lhrfmghn\lt ":dccd
of experimental and applted therapeutics Lceptions to it nrc.rnrcfx e

Manifestly, then, the intensne work on cancer therJPn,v"lS];arZurcs
years, usm,z;v mouse cancer as a test object, should have yielde
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specific for that cancer as the form most tested  These should be of
httle use against other forms in mice or aganst cancer i man Exacely
this has occurred

The use of mousc Sarcoma 180 1n an extensne screcning program in
our laboratories has grven us a vanety of agents capable of restraming
that ncoplasm  Some are actually effectrve i 1ts cure The result shoutd
he recognized as proof of the cotrectness of the program underraken,
as proof that with smirable planning, staffing, and procedure a cure can
be found for the tpe of cancer used in the expenments.  The failure
of this program on mouse cancer to yield means for the regulir cure or
restrant of human disease 15 paradovically a real endorsement of the
program and an encouragement for the future, Tt proves, finally and
unequn ocally, the specificity of antimerabolite action for cancer. Tt 15
exactly this spectfiaity which has been doubited 1n the past, 2 doubt which
has cfiectnely blocked for fifty vears senous effort to control cancer
with chenmeals  Tes established existence must be tahen as justfication
for an intenyive program of future work

The availalulity, at last, of human cancer for test, modifies sull further
the total scientific picrure toward the favorable side of cancer control
Swnce the use of transplantable mause sarcoma has gnen us the means
for its contro) and cure, the newh transplantable forms of various com-
mon ty pes of human neoplsms can be expected to do as much for cancer
m man

At the moment cancer atistng m the human lung, cenn, connectne
tissue, senated muscle, parotid gland, and vral mucosa 15 avalable i mass
production i glass, m ammuals, and on the choroallantoic merubrane of
the ferule embry onted egg of the foul  Over one pound of this tssue
1s beng harvested weckly in our hiboratories alone It 15 known to be
still human cancer, since 1t grows on back-transplantation to the ongmal
human donor 1 exactly the form of the orniginal deposit. e has retamed
for over tho vears of arofical cultnanon the human morphology of 1t
chromosomes, and its human protem, as demonstrated by immunologie
means It cleardy i human neoplastic tiwue capible of growth on essen-
tally amv scale desired. and wsable for pracucally anv & pe of hotogical
or tiochemieal study

We can foresee n the furure the gradual replacement of mouse, rat,
and fow ] tumors now employed in cancer rescarch by cultnated human
neoplasms,  Clearly, of this v not done, the resules achicved 1 yvears to
camne, althaugl of grese mterese, will be altene suveds aoe appheadle
to our geal—the cure and prevention of cancer i nan  1f done with
care on an adequate scale by comperent and thoughtful people of vanous
dierplines integrated 10 a LOMMON PuUrpose ven importane progress
toward cancer cure 15 possible.
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In searching for means of cancer cure, the cultures of human cancer
are useful 1 rwo ways

Furst, they pernuc accurate determinations, by the vse of atomically
labeled metabolte precursars, of the chemical uptake patterns of various
types of cancer as compared with sinlar and dissimilar animal and cancer
cells,  Furthermore, by determmations of mutoric rates, or by other
methods, these patterns can be correcred for the rates of growth of the
issie under snvestigation  Prehminary observanions of this type have
already been made i our group and by affiliated laboratones. Highly
suggestive and importane data have already been obrawed. Thev indicace
that neoplastic tissuc differs n substannal degree i 1ts anabolie pattern
from any normal tissue so far tested  Furchermore, they suggest that
each kind of neoplasm may, a5 predicted, have certain specific, nhersted,
and comparanvelv fixed metabohe characrensucs.

The results so far—rough, fragmentary, and preliminaty as they are—
encourage us to believe that in years to come, by a prehminary trial of
an wunplant on the cancer of a particular pacient, it may be possible to
run a concluste tese  This would mvolve offering the implant a standard
series of 1sotopically labeled chemicals We would derve therefrom
precise know ledge of the uptake or “appetice” pattern of that neophfm
From this, one should be able to wnte a prescription for a “reducing
diet” of antmetabolites which would specifically restrain or altogether
destroy that particular cancer .

A second way of employing human cancer miplants s to use them as
assav abjects for routme screenng of candidate compounds fn‘r cancer
chcinothcmpy Few tests have been made so far, but such limired data
as are avatlable suggest that this is a perfectly practicable prqcedurt,
capable of revealng specific susceptibnhties of the ncophsuc.celb Thev

These smplants cant not only be emplayed in tesung chemicals, T ‘;‘
provide ideal culture materal for the graw ch and a.dapmrmn of partfll!f’ ;
oncolvtie vruses. Tndeed, their use m this fashion has already yielde
vizus strains w hich are destructive of human cancer at an etremely hlglh
dilution, and which ate much less iyurious to the normal kuman cells
subjecred to test. .

Flmallh prelminary studies already suggest that the technﬂi]utf;m!;:
fuman cancer cultwre will pernut much more accurate studtes o
factors of environment, the multeu, offered by the host to the mm;‘tr.
For example, the various brologreally active sterotds, or fract;m;\s m:(‘;cc;t
preustary gland, lend themselves well to exact measurement o f( t\;‘mﬂ o
on human cancer growth or ihinnon The mﬂuence' ;v’ SET ml)'nhc
humoral tmmunity, of dier, of essentully every concervable me
factor of the host, can be precisely examined.

¢ the
Huwman cancer for test i vitro can be to the cancer problem wha
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cultured bacterum has been to the control of mfectous discase. Let us
hope that actual expenence bears out our lgh hopes for this technique
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CASE #1

This 40-year-old male complained of pains in his jomts, especially the
ankles and knees, of mne months’ duration X-rays of the estremities
on January 29, 1947, had shown marked periosteal thichening (Fig. 1)
Ongnally the panent had been treated for rheumaroid arthritis; Jater other
bone and jomt condwons were considered. A routne posteroanterior
chest film on March 19, 1947, was considered negative (Fig 1B} evcept
for some hilar calesfication and emphysema, The typical picture of pul-
monary osteo-arthropathy which this patient manifested was not recog-
mized at that nme A Jateral roentgenogram on March 24, 1947, demon-
strated a tumor muss in the low er posteromedial portion of the lefe lung
which had been obscured by the overlying cardiac silhouette on the
posteroanterior roentgenogram (Fig. IC)  Followmg lobectomy, the
jomt tenderness and sw elling dramatically disappearcd within a few days

Lrssons:

1 The first clinicat manifestation of some cases of bronchogeric carci-
noma is the presence of swelling and tenderness of cerrain jous. Rheu-
matord arthritts 15 usually incorrectly diagnosed,

2 VWhen clublung of the fingers 1s present with joint manifestation,
an intrathoracic lesion should be suspected

3. Many patients with pulmonary osteo-arthropathy due to cancer of
the lung have a small peripheral lesion which can be obscured by other
structures such as the cardiac silhouette or even an overlying nb.

4 Intensive radiologic investigation of the lung fields, including tomo-
graphc studies, 15 tndicated 1 any patient with clubbing of the f?ngn"s
and arthralgta, unless some other known cause for this condition is
established. :

§ Removal of the bronchogenic carcinoma in patients with joint mani-
festattons results 1 mmmedrate dramatic subsidence of the periarticultr
tenderness and sw elling
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CASE 211

Male, aged 65 years (1n 1946), was examined for hoarseness and found
to have tuberculous lary ngitis accompanying an active tuberculous proc-
ess in the leftapex  He was treated m a <anatorrum for one 3 car and then
considered well and remamed so, as shown m follow-up examinations
for the mext five years (Mg 1A and B). In Tebruany 1952 a new
small soft nodular leston was noted on x-ray (Fig. 11C) at the low er border
of the previously mvolved area n the left upper lobe, gnng the appear-
ance of a recent extension of the old process. No other signs or symp-
toms of actnve tuberculoss had been present, and sputa remained negatne
Careful study of previous \-rays at that ume revealed that the recently
dsscovered nodular Tesion had been growmg n stze but was undiscovered
because of 1ts small size so that it had remuned idden under nb shadows
on previous X-rays since 1948 The new lesion of three years” duranion
faled to arouse suspriron of neoplasm even though sputum remained
negatne for tubercle biaill, and 1ts cuberculous nature was taken for
granted. ‘The panent, now 72 years old. refused to resume treatment
for tuberculosis and failed to return for examination for the nevt two
years  Next seen m 1954, he agam compluned of hoarsencss, but this
time 1€ was due to a recurrent laryngeal parahsis - The v-ray (g, 1ID)
and physical signs mcluding metaseatic nodes n neck elearly mdicated
an 1noperable bronchogeme cancer

Lrssons:

1. The incipent phase of bronchogenic cancer 15 probably the longest
m duration, 1ts growth from tny nodule ro visible mass may take tho
years, and another twa vears m1y pass before the tumor begins to en-
croach on mediastinal structures,

2. The smallest neoplistic nodule which can be visuatized by v-ray 1
comidered to be about 3 mm in dameter

1 Such a smli nodule will certainby escape discovers particularly when
projected with the shadows of other structures, even af previous \-ravs
are available for companson

4 Cancer must be suspected and v-ravs must be carcfully studied with
that suspicion 1 mind, 1f we are to dicover it in the early stage.

§ Bronchogeme cincer assoctated wath a pulmoniey tuberculous proc-
ess often occurs 1n the sume part of the lung, thereby greathy increasing
our dingnostic problems

6 In paients of cancer age with acrested tuberculons, appearince of a
new lewon shauld be toohed upon with suspicion Careful search for
other stgns of wane wherculoss should be made, and the possebaling of
cancer shauld be ruled vat















CASE #I11

Male, aged 66 years, 2 fur worker, had been treated for “fur asthm”
for 15 years, since 1935, The asthma was greatly aggravated for last five
years and had compelled patient to stop work, X-ray in October 1950
revealed noching stgnificant aside from cmphysema ([g, IHA).

During the next year patient noted great increase in wheezing, cough,
and expectoration.  Physical examination then resealed spastic bronchitis
and emphysema compatible wth dragnosis of long-standing allergic bron-
chins  However v-ray (Fig 11B) taken ewo vears later (July 1953}
showed a mass i night lung field with a central rarcfacuon which was
correctly diagnosed as an infected emphysematous bulls The patient
refused operation but remained under creattent for his “asthma” for the
next two years  When examined ew o years later the findings conclusn cly
indicated far-advanced neoplastic disease with lirge firm nodes in the
right aulla and nght supraclavicular space, and paralysis of the nght
daphragm.  X-ray (Fig IIC) ac thus time (January 1955) revetled 2
density uccupyng the upper two-thirds of the night lung with evidence
of Jarge cavicy

Lrssovs.

1. Development of lung cancer was long overloohed because its symp-
toms blended with and aggravated those of a pre-existing allergic bron-
chits and asthma of occupational angmn

2. Necrotic cancer with flurd lev el can simulate mfected emphysematous
bulia or a pvogentc Jung abscess
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CASU IV *

“This 48-year-old male, a heavy smoher, had a pneomonins i the nghr
Tower lobe. Tollowing chemotherapy the symptoms at fisst dxsappcarcd
but larer cough and fover serurned. A]xhnugh the subscquent pestera-
anterior roentgenogram of the chest showed hide residual abnormaty,
the lateral fil clearly detnonstrated residual nfiltration at the extreme
base (Fig IVA and B).  Bronchaseopy revealed a carcynoma i a branch
bronchus of the right lower lobe  Preumonccromy was performed with-
out defay,

LEssons-
1. Need for branchoscopy 1 recurrent pnewmonitas.
2, Need for laterat x-ray
3, Necessuty for seral roentgenograms to demonstrate complere elear-
ing of the inflammarory process before ruling out caremoma

* Couttesy of D Jobn LaDue, Memoruai Hosprral, New York Cioy
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Fig IVB



CASE #V

Male, ngcd 61 years, nonsmoher, hd had periodic examinations twice
yearly for five years, including chest s-rays once yeardy, e was a squae
indndual with a hiroad, deep, and short chest with prominent veins over
the antenor upper chest extending tow ards shoulders. In December 1953
when the lue normal soray was obtamed (Dig VA, he complatned of
2 vague sensation of presure in the nght upper chest This had been
noted penodically for one and a fuff (o twa years, especaally i association
with upper respiratory infectinn apd cnuch Recently he began to expe-
nence fever-lihe flushes associated wath aclnm; joints and mscles. These
attachs \\ou‘d last a few hours, cm\acd mc-m. and were followed by

iy to “colds” loped, and during the winter
months of 1953 1954 acute respiratory anfections were particalarly fre-
quent :md :\Ccomp'mmd b\ persitent unproductive coughing.  In June
1954 d (ml\* mld tracheol bl catarrh and fluoros-
copv of chest rexcaled no apparent change  Duning the next month the
cough hecame hard, mcreasingly mare spnsmodu and brassy n character
When next seen in August 19H -ray (g VB) revealed a mass i the
right upper fobe  Bronchoscopy wos negatne At operation a wweck
fater, an egg-sized tumor mass was remosed with the nght upper lobe
and proved to be squamous ceft Carcinoma The supenor vena tina way
also found to be insnhed Postoperam ¢ superaltage radiotherapy was
nstituted with temporary unprovement (Nig VC)

Lrssons

1. Symptoms suggestn e of mediastinal iy olsemenr preceded the actual
nay evidence of lunrv tomor by one oF two years.

2. Rheumatoid symproms preceded demonstrable growth by at leat
on¢ year.

3 Perastent cough preceded demonstrable growth by ar leat sin
months

+ Male nonsmol.crs necasionally develop squamous cell bronchogenic
cancer )

5+ More frequent foflow-ups with <-ray stucies mighe have led ta earfrer
dagnoss

4n
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CASE #VI

Male, aged 51 years, on routmne Y-ray survey in June 1950, had a small
peripheral density n the third right interspace (Fig. VIA). Because of
presence of old pleural thickemng extending from the pleurodiaphrag-
matic angle upward mto the right chest, the density was considered to
be merely thickened pleura.  Suspicion of ncopl was aroused when
five months later patient compliined of vague sensations of tightness
across right chest  The lesion was watched for another eight months
and although 1t did not appear to have changed, the sy mptoms persisted
and exploratory thoracotomy was performed 1n August 1951 (Fig VIB).
A solitary nodule measuring approvimately 2.5 em was resected with a
wedge of the right muddle lobe. This proved to be adenacarcinoma  The
pattent was rcportcd well in June 1953.

Lessoxs

1 Perpheral comn lesion was observed for 11 months, with the wrong
belief that 1t represented thickening of pleura.

2 Mild persistent thoracic complaints otherwise unexplamed and oc-
currmg at the cancer age should at least bring to mind the possibility of
lung cancer, and i this patient led to exploratory thoracotomy while
the lesion was fortunately sull operable.






CASE #Vii*

Male, aged 37 years, 1 1952 had far-ad; d puls Y fosi
imvolving both upper lobes with farge cavity on left (Fig. VIIA)., Chemo-
therapy given for nine months, then thoracoplasty on lefe side in 1953
In April 1953 sputum reported Gaffhy H, the residual lesion in second
nght mrerspace was the suspected source (Fig. VIB). In November
1953 this lesion was removed by wedge resection (Fig. VIIC).

Pathologic report; epidermioid carcinomia arismg in wall of tuberculous
caviey  Growth restricred to wedge resected  Patient well since then,
last scen July 1955,

LEssons

1 A case of Jung cancer resected in the truly inciprent phase, discovered
by accident and aring in wall of a rabercnlous cavity.

2 Unusual persistence of X-ray shadows and other signs despite pro-
longed therapy i tuberculous, more parucularly in the aged, should at
feast suggest 4 possibility of coevistent neoplasm.

3. The surpnsing feature here was the young age of the patieat,

4 Coeustence of carcinoma and tubercutous ss not considered wnvsual

* Coustesy of Dr G E Wilkon of the Will Rogers Haspital, Saranac Lake,
\. Y.
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CASE #IX

Male laborer, aged 38 years, complained of chest pain following trivial
mjury. X-ray was negative for suspected by fracture bur marhed en-
largement of right hilar area and widened upper mediastinum were found
(Fig IXA) This did not dracely rase susp of mahgnancy,
probably because of young age of patient and his prompt recovery, H
returned to laborious work until hemoptysis occurred two months later,
agam following trivial chest trauma to which bleeding was arnbuted
Even then patient demed symptoms except for occasional pan in chest
and mild cough with expectoration  X-ray then showed massive involse-
mient of right lung and pleura (Fig IXB). On esploration large an-
resectable carcinoma was found etending from right middle Iobe, Biopsy
disclosed undifferentiated cell cancer. Supervoltage radiotherapy resufted
1n much shrinkage of tumor and apparent prolongation of hfe for eleven
months,

Lrssoxs

1. Progression of cancer to an extent involving a whole lung may be so
msidious as to be compatible even with hard manual labor.

2 Accidental traumma by elicting pain or hemopeysis may afford the
first opportunty to reveal 2 growing rumor at an early stage.

3 A suspicion of lung cancer should not be discarded because of an
apparent explamation for the chest pain (1 this case, erauma) when 2a
-ray shadow persists
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CASE zx

Male, aged 51 Years, first seen May: 195 0, gave hzsmry of smoker’s cough
OF many yeqp, In 1947 Patient hag hurt chege ina fap and X-ray taken

owever, 5 large Walnut-sized
Tanmati

2nd became 0re spasmadc, This was ignared, Bloody-

Sputum deyel.
oped m March 1950 X-ray angd Physical S\aminangn Aay 1950 re.

vealed homogcnenus dcns:t.\: n lefe Joy e Jobe v yppy Ppleurs] involvemeny
and smap amount of fy,g (Fig, XB). horacntomy in May 1959 re.

10psies alf revealed Squamous celf carcmnoms  Tpe Ppatient had 5 post-
Operative degely m March 1g5 H [nﬂmvmg Tesection by another surgeon
it urgeny Tequest of fnnnl}n

Lessoys

3 1\hsmrcxpremtmn of original Y1y shadow g that of traumage
ural ch.mge

¥ No attention 4 Pad to the definite change 1n nature of the
oker’s cough,






CASE #XI*

AMale, aged 49 years, in March 1945 had cough with moderate expectora-
tion and recent hemoptysis  Sputum positn e for tubercle bacillr, -rays
showed evidence of moderately advanced tuberculous lesions in both
upper lobes with large cavity i left apex.  Left pneumothorat begun
m Apnl 1945, continued for three years. Sputum turned negatne.
Rounine check 1n February 1949 showed marked increase of lesions in
central part of right upper lobe with new circumscribed x-ray density
suspicrous of tumor (Fig. XIC). Sputum persistently negative evcept
for one specimen (Gaffly I). Bronchoscopy negative and aspirated ma-
terul negauve for tumor cells, Planigrams showed definite tumor mass
Functional tests indicated grave nisk of pulmonary fardure. Death 2 few
months later—no autopsy

Lessoxs

1. X-ray of 1946 and 1947 (Fig XIA and B) suggest beginning increase
of hilar density where two years larer Jarge tumor was dsscovered P'rc-
eusting tuberculous process camouflaged clinical and a-ray signs hich
should have led to susprcron of growng tumor much earler.

2 New hilar mass developed at root of less involved lung while more
affected lung was under pneumothorax therapy. .

3. New leston developed and enlarged while sputum became negatne.

4 In 1946 new hilar mass w hosc outer border extended more than 8 cm
from mid-line w as noted duning left-sided pneumothoras treatment. This
had further increased by 1947 and attaincd large size in 1949 w Tle the
tuberculosis was m\prm‘mg

¢ Courtesy of Dr. G. E Wilson of the Will Rogers Hospital, Sasamic
Loke, N Y’
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CASL #XII

A 33-year-old w oman with symptoms and roentgen findings of py lonic
obstruction was thought to hwe a carcinoma of the stomach  The mass
m the nghe lower lobe » hich is parehy obscured by the dome of the

duphragm was c dered to be probably a pul y metastasis (Dig
XI1A)  Thoracotomy re\e'lltd a pcnphcml “bronchnl .xdenonn which
was resected  Sul d 1 cvploration d d a bemign

gastric uleer for w ]uch a partial gastrectonn was performed  Pattent w el

LEwons

L. Value of exploratary thoracotomy 1 doubtful cbses

2. A solitary pultmonary m1ss nay or may not be related to a suspecred
or proven neoplasm elsew here

Fig. X1A
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A\Iale, aged 69, firse Seen j Ma_)‘ a harg Productj.e Coug
Worse j, the Tecumpe, Position, his Cough, Prey OUsly mitg B
OCcasiong; E3pectory,, L had TESent sipce attac) COrony;,
thrompgy With p, fgestive f, e Sustaeqd m 1943 he firg

" (Fig 'IIIA) h ilar sp, doy- 'Peareq eN hay enlargeq,
bug g hghe ¢ hist WVsica} SIgNS \igg 'ntcrpret d as dye 0 chronge
pi ar, 'gestio, three the p, tiene p, recurreny
attacks Pain g, Present gy CLoris dye Coronary
sclerggg Ptember | 946 | Moptygs o Which Jog 1o resudy
Of lungs St x-ray (Fig xqp TSIV 3t the Jef,
hilun, vioush, nd aWng ne, lasn, and carq, tatys Precludeq
Surgery, 0, snom Srouth joy top Onchia} obstrucrmn and

) nths re
mmlvemenr of the lefe lowey lobe (Fig. .\’IIIC).
Lrssoyg

Dlsenscs of 2dvanceq age (. cnrd:ov:zscular) With puImnnary comp};.
Cations gra Commop accompannncnrs in the g€ period N whicy broncho.
EEIC canee,. Ocenys,

3 and chrony puhnonaly COngestion v cre thoughy ¢, be
due ntirely 4, Corongry. diseage With heary farlure and s posslblht_r of
3

€ 3
he ncipreny Phase lasted here OVer three Years,
¥ as changeq Characrey of the cough,
Miater,) m’crcasc of the hular shadoy 4 chnmctcnmc of neopliste
lisease but ¢4y e mismterpreted S Congesy; o falure Presence of
ther ¢y tdence mdtcatmg plrlmonm"\' Congestion
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CASC axpys

This 5, 8-year.oly male y 55 recenng chcmmhernpy for Proven tubercy,.

losis oy Ity i the by Fegron of ¢pe lefe ling ¥ LIy 1 Janugry

1954 show g 10 ob gy lesin 1y the Tighe lung ™ g0 months farey

rounded gepgyey. “as noted 4 the righe upper lohe close ¢ the hilyp,
A s

1ght
Considered Hightly oo, this v ag not g tubercyjoyg lesion The lesion m
the fefy lung b 8reatly iMproyeq by g time 4 nighe rhoracommv
"as done Withoye delay” Squamous cepy Carcinomy of the nghe |, per
Tobe v 55 found gng lobccmmy Performeq Patiene ell angd Working
Withoye dyspney 1€ year Iyzer.

L Carctnon, of the lung should pe Suspected hen ypical lesiong
appear i 5 Patient ypge, treatmeny for rubercukms
2, Surgrea) €XCIsion of 5 €2NCEr in e lung mqy be feasiple Clen thoug},
the oppogice lung s the site of another disease
3y pcn‘nmung lobecmmv Tather than pncumonecmm\ n selecny o
Cases, rchahxluanon may pe facilitareq

Fig Arvy
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Male, aged ¢4
Years, cre’mngly
Tevealeq Signs of
tion, 5, shoren
lobes from Ubereyl,
Tecurre, £ a cks acure
W vearg July
With Congh, CCtorag,
Terealeq e\ gy

1 ey
Of mep, Confug,,
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chesp fevealeq id,
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Ty devey, mene of o he Jung ng c;mu-r Was Obsctreq by Preceding

m

ra "Ctastass g tled tg ypg h Ntca) re, COgMtton fyy, 1 should jiay
been SUspecreg at Ieaxro ne 3 ear prev, tously- fr rhc chan, nge in pulnmnan
Sy Mptom, 4 and s,






CASE #XVI

This 63-year-old male was o heavy smoker and had been slightly
dyspneic for five years wjth hypertension and cardiac hypertrophy, Pinke
ish spurum was first noted after some tecth were estracted, and was at
first considered related 1o this. Bronchoscopy was negative, "The large
heart obscured the left lower lung field (Fig. XVIA). After three weeks
of chemmhcmpy, a small hemoptysis agamn oceurred. Operation was
then recommended with the hope of performing a lobectomy. At opera-
tion, how ever, the extent of the tumor made pneumonectomy mandatory
for complete removal of the leston. Parhologic exammation revesled an
adenocaremoma with lymph node metastasis  Postaperatwvely the patient
required prolanged ovygen therapy and close supervision because of very
limited respiratary reserve. Six months later the patient was handicapped
by dyspnea on exertion.

LEssons

1. Carcinoma of the lung may be difficult to diffcrentiate from pul-
monary congestion n patents with heart discase .,

1 A large cardiae silhouette con abscure a lesioa of considerable size
n the left lower lobe.

3, In patients wich linuted cardrorespiratory reserve, the difference
hetween p y and lot v may grcnt)y affect the panent’s
subsequent course. . .

4 Pneumonectomy n patents bordering on pulmnmry msuﬁ'xcxcch
requeres mdnidualized otygen therapy program in the postoperative
penod.

5 Hemoptysis may erroncously be assumed to be blood from the gams,
throat, or nose and chus not guven sts true significance.







CASE #XVii+

Male, aged 58 years, 1o February 1945 suffered traumatic cerebral con-
cusston; since then disabled because of headache and drzziness. One year
fater began to lose weight and raise blond-streaked sputum Tuberculosis
was diagnosed. In October 1946 chnical and \eray findings showed
extensive process imoluang entire Jeft lung with shift of medstinum
(Fig. XVHA)  Sputum Gafiky 1V, LS.R. 125 mm, weight Joss 25 lbs
Bronchoscopy showed granulatons 4 em below carina in lefr muin
hronchus bue ltnpsy revealed squamous celt carcnoma. Pnzumoneetoms
n January {947 m spice of imahement close to carma Pathologic ev-
anmation indicated presence of large tuberculous eavity in lefc upper
lobe, and squamous cell carcnoma in left main bronchus  Patient re-
mamned well for net 18 months (Fig. NVIB), when merastases appcmd
with death m July 1939

LEssone

1. Tubercnlosss 1s here associated with branchagenic cancer and appar-
ently developed simultancously,  The same chimeal picture may he pro-
duced by either  Presence of positive sputum is vsually considered suf-
fictent to diagnose tuberculosis and by implication ta evclede cancer, bt
this s not always true,  In approumarely 10 per vent of cancer vasey
assoctated tuberculows 15 found.  Atypical features of clinical preture
should fead to suspreson of cicher tuberculosis compheating cancer of
the latter comphcating tubcreulosic,

* Courtesy of Dr G E. Wilson of the Will Rogers Hospital, Suranse
Lake, N Y.
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CASE FXVIgr

Housc\ul'c, aged 4; Years, g A\Iemon'al Center for Cancer and Affeq
Diseaes in 1938 treated o, Cystic astiys, neventfy) course ey

Septembcr 1937 When she Bave lu'srory of cough ang hoarseness for tyg
Mont, \'-ra)s show eq o fesiop at righy secop, terspace (Fig
X\'IIIA 0scopeg Octobe, 23, 1947, With ng g Iﬁndm~
Bronchml Washy 1. Negar; P Sputumg durmg 19471945
e ny € Studses f,. tub, Teulogss 4 ther | " Studies wre
fegatyye igh nhrgemcm of the ¢, 1 Ver neve gy years
g X\’IHB) 0 nghe pncunwnecwmy Seprcmbcr 1, 1949, o pehy
mlcroscop © diagnog,s of T Carcinony, ad uney Ntful recoy,
and vag lase n Scprembcr 20, 54, \wue rdence of TeCurreny
diseq,
Lessoxg
1 Repentcd Negarn e Iabomtol}' Studres mcludmg microscoplc study

of sputy and bronchml Washings Hl noe evelude dagnogs carcinomy
elay o 0y before pneumnnccwmy Was nop Justified, pa-
tient’s TeSistance ¢, OPeration vy, o the capge,
- Mose Pertphery; comn lesiong BIVE negatyye bmnchuscop'\' aad nega.
tive Ytology- ﬁndmgs
» Courtesy of D John LaDye,






male, aged . 2, g dmgnosed as h:n'mg 2 S0-caleq pncumomtis a

bad an fine, ng hlarx~m_vs adoy ; Sep 18, XIX A
Vith com lar f Product]; Ough ang hem, Ty as see
agan 1n gy, 1952 © SYMPtome and Y shoy, NG clearyy, bu
Persisang ged o, ilum - XIX, ). Nt vy admtreq
or brop, hoscop\ after Crtologic Study, Sputum, 0sitiv e for Cancer
Grade 10psy: of Branulp ¢ T at tTance of gpe muddle
obe b, nchus Teveg), Prderoig ArCinog, Py of I/
shoy ¢, 1 fighe o, dica] Preun, MYy ag IMmimed;.
tely Carnied oy, the poge,, Tative cony €scence y 45 Vithout e,
en, Patho], Ot Was thay of by, ogent ACHomy g ghe
night g, s nchys beg, ™. beloy € of bronchyy
transecyq, With m, Stass 10 4, fa PUE not 1o ype highese r lowese

Lesson,

1 Pncumonms S0ciated Wwith nonpmdumvc Cough ang hcnmptysts
%33 here o < early. vidence of bmnchngcnic Cancer,

2, Ccarmg of the Preumony, left ap H-defineg enlargenon, of the
night hitay shadoy, Which shoujq have Suggested neoplasy, carher, ,

. Rccurrcnce of hcnmptym With TeUmonyyg eighe months farer je

to bronchmcopy and Sytologe Studieg , N

4. The tWmor y 56 foun fesectable i, Spite of cighe Months delay jn
dlagncsts.






CASE #XX

A 61-year-old male with the symptoms of a respiratory infection m
September 1945, Change m character of cough noted  Furst x-rays
showed several areas of density mn the left lung with subsequent clearing
of all except one lesion (Fig. XXA). Therefore, carcinoma was suspected
Exploratory thoracotomy revealed a squamous carcinoma of the bronchus
Pneumonectomy performed. Panent free of evidence of recurrence siv
years later but has had some shortness of breath since operation.

Lessons-

1. When several separate areas of wnfiltration are present on the roent-
genograms, all may not be of the same etiology, Some may be on an
mflammatory basis while one area of density may represent a carcinoma

2. Serial rocntgenograms at short intervals after a pulmonary infecton
are indicated

Fig XXA



AIa)e, a 2 Years, hc:n'} Smoke, ad Pacumop,, mn March 1953,
M1Ce then Jogs of much, Weighe, m(‘rﬂsmg Vspne, ough wpepy
e evpecy, ton  J, T 1953 Pjage, Pleural e, 100 cop.
sidered gy, 10 “hey d Lidn Y trouble 2 Persistence of
chest )‘indinb I tudies v gy ronchoscapy and Ctologe Search fo,
Wmor celj ) bronghyy) Washings, Pletra) fud, gngy spu All vere
Negattve, Tarch | Y showed T 1 nghe and
Pneumgy,, Ss m lower tung (Fig XXIaA chosco, ¥
ten et eafey occlusion fighe mygqy lobe by, chus 4, Infection
other broqep, ) tology. Tgested fasm  p ! Proved ¢, p,
Yery Suecessful § ar s 25 f, i nghy Middle jf With direey
Mol ¢ Parieeay Pleurg 4y frone p, t lung a5 Sected tagether
With 4l parjery) Pleur: StOperaty ¢ %35 stq ® bur patiene
“1t hospita) ag, three eks i good ¢, t g XXip
V35 epidenn, i CIom, Patienr pyq, ® four nths afre,
Operatiog showeg ually 1, sing Pulmongy,
Lesoy.

The tumq, Proved ¢q 4, resectable 4y PEE of hugrop, ndicatrge op
8rowth of aboyy Moy ears” dumnon, n spiee of EYensy o Pleury) Moke.
meng, ang 1 spiee of C¥tensyy o mﬁamnmorv (suppumn\c) Process ;,
the othey. Tung, Resecrabnhry 15 often gy, Uprediceap) from climeg)

Nee,

‘Cour:ca,\' of Dr, 1 E Rochey of Ney York Gy
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CASE #XXI

Male, age 46, heavy smoher. In January 1953 routing periodic chest
wray (Fig. NXHA) was normal except for hilar calctfications,  In August
1954 x-ray shows dncrete mfiltration in second nght nterspace (Fig
XXiiB). ()nlv symptom was long-standing cough with macoid sputum,
attributed to smokmg These sy peoms abated promptly upon cessation
of smoling. Because of patient's delay, nest \-ray six months later,
February 19>S (g XXIC), indscared shght wnerease of mfiftration
thrvmms three months Jater (Fig XXHD) revealed two tsolated sphen-
cal ncdulcs located posteniorly m lung persphery  Chacal studies then
revealed following: Tuberculin sk test markedly positne. Histoplasmin
shin test neganve, complcm:m fixanion negatne  Bronchoscopy negatne
Bronchtal washings and sput2 negatine far bacdl, fungi, cancer cells
Cultures negatne for tubercle baosli  Exploranion rc\enlcd neoplasm
which proved on resection to be broncholir carcinoms (locabzed)

Lassons

1. Early bronchiolsr © i early tut tosis m loca-
tion as well as in form

2 Plamgrems revealed dense and sharply defined nodules where con-
tentional films showed discrete nfileranons with hazy borderss

3 Earher plimgraphic and chimcal studies mught have led to earher
esploration and resection

4 Loss of cough and expecteranon upon cessation of smolang is of no
significance when x- -ray shadow perssts, and should not lull suspicion
of mahignancy,
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CASE #XXUI

43-year-old woman whose only complaint was progressively increasing
dyspnea which began very insidiously about three to four months previous
to the date of the x-ray shown here (Fig XXIIIA). Cough with scant
mucoid expectoration appeared during the past few weeks. There were
no other constiruttonal symptoms at any time. Careful history and thor-
ough chneal study rended to exclude any diffuse infectious pulmonarv
process mcluding granulomatosis and mycosis, Because of unusually
strongly posittve tuberculin reaction the possibality of , tuberculosis was
entertained for a short period of ume.  Although.no scalene node was
palpable a scalene biopsy was successful in secuning tissue which proved
to be charactenisuc of pulmonary adenomatoss. The pauent died of
pragressive cardiopulmonary failure about one year later. Diagnosis was
verified.

Lessoxs.

1. We believe the pulmonary adenomatosis began here in form of 1
solitary round leston in right upper lobe and soon led to bilarerally dis-
seminated carcinomatosis.

2. Scalene biopsy even 1 absence of 2 palpable node can often prove
ta be of particular diagnostic value.

3. A strongly positrve tuberculin test in diffuse pulmonary disease may
at times be very musleading. -
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CASE #XX1V

A 7l-ycar-old man was under observation and treatment in 1955
for advanced arteriosclerotic cardiovascnlar disease, vaseular hyperten-
sion, and advanced dibetes Intermittent clandicarion had evisted for
ten years A coronary thrombosis had occurred m 1947, In Octo-
ber 1955 chest v-ray (Fig. XXIVA)} revealed a sphesical shadow near
root of nght lung withour pulmonary symptoms, but becausc of un-
satisfactory cardiac status, bronchoscopy was not resorted to  Panent
5 d free of pul y plai One month Yater chest w2y
(F1g. XXIVB) showed unchanged lesion on anterior-posterior view but
additional area of atelectasis extending o anterior part of nght npper
fobe on lateral view (Fig. XXIVC). Then patent suddenty developed
symptoms of coronary occlusion in addiion to expectorating blood-
stained mucoid sputum, Two specimens showed squamous celt carci-
noma by cytologic study (Dr. Papanicolaou), Within next few days
patient suffered acute attacks of recurrent precordia) patn. Electrocar-
diogram showed progressive changes indicative of antero-lateral septal
myocardial mfarction  For next six Weehs on bed rest and slow retum 1o
ambulation, cardrac recovery was excellent. X-ray remamned un_chmged
and patient was then explared surgically three months after discovery
of ncoplasuc lesion m nght upper lobe. One walnut-sized and rwo
smaller pea-sized nodules were found in central part of successfully re-
sected night upper lobe.  Regional lymph nodes were fref of nc.upk!SHC
tissue, Pathological findings revealed squamous cell carcinoima in ng'r.lk
upper lobe with atelectasts of anverior segment. Regional and medustt-
nal lymph nodes were uninvolved.

Lessons:

1 Close observation of patient for unrelated conditions caused dxscm';
ery of bronchogenie cancer m fairly carly phase, although age of pauen
and carduac status militated againse more aggressive dugnosic procedu;tz

2 Acute coronary occlusion delayed exploration for 3 months but di
not prevent successful resection of ncopla'sm by l'uhcclom.y. v

3. Advanced age and serious complications which coevist (car m‘ha-
cular disease, draberes, etc.) do not precludc radical treatment f)i( bronc o
gente cancer, provided this 15 detected early enough and if starus
patient has not deterforated too much.

516
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CASE #XXV

This 67-year-old man had clinical and roentgen evidence of pneumo-
mtis in the right middle lobe. The first of several sputum examnations
was reported as positive for carcinoma cells bur further examinations,
including bronchoscopic washings, failed to confirm the presence of
cancer. Following annbmuc ﬂ\cmp) (hc pu]monnry filtrate nlmosr

R Aitan e e a
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was performed and revealed a tiny area of thickening n the medial seg-
mental bronchus of the nuddle lobe  Middle lobe lobectomy was per-
formed  Frozen section revealed 2 small corcmoma It was deaded to
do no additional resection of lung tissue m this poor-nsk patient since
the tumor was a far distance from the line of bronchial transection The
pauent’s reduced pulmonary reserve was not sigmficantly disturbed by
the linited operanion performed and the chest \-ray three weeks post-
operatyely showed cxcellent pulmonary expansion (Fig. XXVC)

Lessons:

1. A carcinoma m the muddle lobe may simulate the “nuddle lobe syn-
drome.”  Cyrtologic studies are of particular importance in such cases

2 Falure to re-confirm a single positive cytologic report must not
be given undue weight.

3. A linnted resecton that apparently completcly remoyves the cancer,
although not the jdeal cancer operation may be the best compromuse in
sclected cases.

4 Lateral films will often demonstrate a nuddle lobe atelectasis not
demonstrable on posteroantersor films.
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Diseases, on mapetabiliey, 170
Menuscus sign, 139, 140
e status of, i therapy for

y dis-

secondary, I measures
for, 395
Lyvmphosarcoma, 100, 142-145, 263
classification, 74
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i tnoperable carcnoma, 401, 406
New Hayen Hospal, surgical sherapy
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and outlook for cancer prevention,
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candidate for screeming, 254
and epidermord carcinoma, 33
evposure due to, as causatine
4651
Operability, 301-304
anatornical featares affecung, 65-67
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Parxdimethy lamino-azobenzene, - tumort-
genic action of, 14
Paralysis, 167, 168
Paraplegia, impending, and radiotherapy,
34
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malignant cells 1n, 235, 240, Plare 4
and nodulzr invoh emear, 412
peripheral tymor, 134, 136-341
and polvinorphous epuchelial tumors,

154

reticulum eell, 33§
surgical treaemiont, $33-334
Scasch for carly case, 295-254
conduey cancers, 407424
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Secandary cancers (Cont )
dynamics of pulmonary smasion, 408~

409
radiographe considesations, 41t
treatment, 413417
Selemurm, 50
Sex of pateent
and adenocaremoma, vs anaplasuc car-
cnoma, 91-92
i atvpteal epithelul prokferaton aad
carcinoma, 69-70
and bemgn endobronchial sumors, 223
and breast cancer with pulmonaty ta-
vasion, 419
2ad cancer meidence, 20
candidace for screening, 254
and functonal cancer aspects, 387
and high mdex of suspician, (63164
and mortabins rates, 4244
18 search for early case, 148, 251
and tubereulosss, diffecentunon froo,

Siderosss, 5051
Sibicon dust, 28
particle size, and tssue reaction, 33-34
Silicosis
caranogenic effect of, 50
conglomerate, differcntiation from, 166
Silver, as etologre factar, 47, 50
Slan cancer, and lung Javason, 408
Small cell carcinoma, surgical treatmient
results, 339-340
Smoking, 53-57, 447, $98
candidate for scrcerung, 254
cough of, and suspreion of mahgnancy,
154, 254, 488, S1L
expenumentation, 29-31
findimgs on assoctimion of, 54
and death rates, 56
and tigh mdet of suspcion, 163164
and search for early case, 145, 248~251
and the terminal pattent, $44445
Sodwim desaxy rbanucleate, and casoino-
gemue zction of urethne, 23
Soor, 51
Spiromersy, 279
Sputum  See Fefolutne ¢y tology
Squinous cell carcmema
and acvpreal lesions n taberculous pa-
nient, 497
cancerous pacemansa in, 114
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Sguamous cell carcmoma (Cont,)
with caviaton, 91
duration of carly phase, 488
i emphysematous lung, 75
eprdermord type cclls, 235, Plate 4
incidence of, 339
and metaplasia in epitheluam, 19
sheumatord symptoms with, 477479
roentgen diagnosss, 182-183
surgical therapy results, 339-340
mn upper lobe of emphy sematous lung,

7

Staining, procedure, m exfoliatne cyto-
logic dusgnosis, 230
Steel grindungs, 28
Stereoscopy, 195, 201
Stethoscope, 172
Stomach cancer, and lung mvasion, 408,
411412
Strang  Cancer Preventon Chne, on
causes for anoperabilmy, 170
Subcutaneous metastases, 169-170
Sulfide, a5 cttologic factor, 47
Supenor sulcus
syndromc, 8+.85
tumor, 167
Supemior yend ena
compression, 410
Alustargen® for, 392
in differenuial diagnoss, of medsasttnal

pallat e measures for, 401, 404
Superior vena cava syndrome, 167, 346
and nierogen mustard, 390
and radution therapy, 3+
Suppuratne therapy, 413
Surgieal treatment, 298-341
anesthesta, 311-312
bronch felaton to pulmonary liga-
ment and medrishium 3 problem
m, 67
for cancer sn one lung with disease
ather, 497
n carcnoma of middle lobe, 519
contraindications, 211, $01-304, 398-399
cost 1o bring resectable cancer to, 204
for elmimarion of Jocalzed mdus of
cancer cells, 6
meudence of operability, 170

INDEX

Surgtcal treatment (Cont))
mdicaions for, 299-301
Iymph node masses Temoved m single
block with lung, 65
and muss sur ey, 247, 252
meduasuntl displacement after pneumno.
nectomy, 328
morbidity 1n, 328
palliatice, 320322
0 mopersble catcinnga, 401
postoperative care, 322-328
preoperatne evaluauon, 303-311
procedure, 312-336
results, 336-341
and reemtgen diagnosis, 183-484
for secondary cancer of lung, 414
10 termnal bronchiotar caremoma, 178
Symptoms See Clinical aspects
Systemic circuliton, metastasis n, and
imaston of pulmanary vems, 89
Surveys
and asympronzue cancer, 245
by Department of Xeray Diagnosss at
Memoral Center for Cancer and
Allied Discases, 202-203
for detection of secondary cancer, 419
o search for casly case, 246-254

Tachycardia
as chtcal manifestation, 168
postoperatii &, 327
Tantalum, 376
Tarred road dust, 27-28
Telecurie therapy, 378-179
dosage, dutrbunan outline, 357
for moperable carcimoma, 401
prospects for, 358
Telturium, 50
Temperature,  carcinogeme formatiorn,
29-30, 52
Termnal patient
broncholar or aleotar eell carcsnoma,
177-178
information, 41244
medication for, 437418
psychological aspects, 43644
and smoking, $H+-45
Tescular neoplasm, and nodutar a0
vohement, 412
‘Thallium, 50
Thiotriethylene phosphosamede, 393
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Thoracoplasts, for medastnal displace-
ment aftet pneumoncetomy, 328-
329
Thoracotomy, 170, 338
for empyema, n moperable carcinonta,

1
exploratory, 307, 480
candidute far screeming survey, 254
and resectable perpheral bronchual
adenoma, 493
squimous carcmoma of bronclws,
508

and mesothchoma, 456
surgieal results, 338-340

Thorat
and blood, after nissuc smmolnlity, 63
and bronchnal

539
Tovieity, of nitrogen mustard, and cys-
Tene, 394
Trachea

brmgn and malignane wmors of, 450-
9

carcinoma of, 453
obstrucnion of, {58
Trachcobronehul trer, bronchoscapic
examnation of, 219, 123-224
Tracheopatha osteaplastica, 450
Tramsplantation  See Expermmentation
Triethylene melamine, 385, 391, 393, 395,

and sccondary cancer of lung, 416417
Triethvlene phosphoramnde, 39
Tuberculm test, 514
Ty

surgial exploration of and tumors of
pleura, 454
Thorazine®, 389
Thrombocs topeana, and Mustarpen’D, 389
Thymine, and carcinogenic action of
urcthane, 23
Thyrod
cancer of, pulmonary s ol ement
radwiodine therapy, 395
rorncgen therapy, 421, 422
Tun, 50
Tissue
anypical proliferauon of, 67-73
 golden pneumorua, 62
of lung, and blood suppl, 63
fetal, and neoplastie ehinge potent-
aliy, 24-25
nonepithelial, aty prcal prohferation of,
7

site of feaction 1, to particle size of
dust, 33-3¢

tunangenie acnion of vumor virus 1o,
13

Tranwum, 50
Tobacco  See Smokng
Tomography
clubbing and arthralgia as indication
or, 466
m differentsal duagnoss, 269
10 roentgen diagnasis, 197-198
versus bronchogriphy, 192
Toxewna, m ioperable careinoma, pall-
ative measures for, 401

1, 263
differentrtion from, 261
Tuberculosts
anvpreal losions with, 1 differential
duagnasis, 497
and bronchogenic cancer simultane-
ausly, 502-50%
cocwistence of with carcinama, 482
differentiauion from, 259-261, 469471
early, and carly bronchiolar caseinoma
413543
and eprdermond carcinomia, 482484
and enology of lung cancer, (8-19
mprovement of, and devclopment ©
tular mass, 490-492
and pulmonary carcmoma, 67, 69
sputum In differentiation, 490
Tamor
bload supply to, 63
changes 1 nerathoracic vessels pro-
duced by, 63
genene expenments with, 15-17
meudence of
and calonic yestnicaons, 19, 21
and dust, 28
intersuenyd cell, and estrogen, 20
mixed, 74
penpheral cmar, 110
of pleura, 452, 454
sircomarous, 74
<pontancous, and scx of subject, 34
transmission of, 13
irus, 13,17
Tungsten, 50
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Urznium, 47, §7
Urethane
caremogenic action of, 21, 23
for pulmonary sovasion 1 chronic Jeu-
Lermas, $17
and radiotherapy, 360
and secandary leakenua, 395
Uterus, expervmental cancer of, and es-
trogen, 20

Vanadem, 50
Ventilation, 182-283
efficiency,, 280
smpstrment of, 291-192
medical therapy for, 400
Virus
m etology of cancer, §
tumor, 13, 17, 388
Vocal cord
paalysss, 170
soentgen diagnosss of, 211
Vamitmg
due ta Mustacgen®, 389, 302
palative measures for, 401, 405

INDEX

Weahness
W moperable carcimoma,  pafhamn
measures for, 401
Mustargen® for, 392
Wheezing, 174
m moperable carcmoms, pallatse
measutes for, 400
locahized, as indication for bronchos-
copy, 481
undateral, an earlier dragnosis, 254
Wilm's tumor, 411
radianion therapy for, 32

Xeray
adlas, 445521
See also Radiography, Raditherapy,
Roencgen dagnoss, Roentgen find-
ngs

Yetewm, 374, 376
radhoactrie, 421, 423

Zine, 50












