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Introduction

DURING THE PAST SCVERAL DECADES great strides have been made in the
fundamental knowledge of medieal seiences In no other field has greater
progress been made than 1n diseases of the chest. It has become mevitable
that studies relating to these conditions should become more or less spe-
cralized, depending on organs affected and types of disease. Thus, such dis-
eases may be presented anatomically, e.g., those of the tracheobronchml
tree, pulmonary parenchyma, pleura, d

cardiovascular system, ete., or etiologieally, e g, nflammations, bacteral,
viral, mycotie, parasitic, collagen diseases, diseases of industnal and con-
genital origin, and tumors, etc The need for a detailed desenption and
presentation of etiologic factors and recent proven methods of treatment
in particular fields of thoracic diseases requires space 1mpossible to include
m one cover to cover volume. It seems wise that the authors should choose
to report miestigations and treatment of particular disease groups sepa-
rately. Dr Spaimn, who has had a wide ehnical, laboratory and pathologic
evperience has wisely chosen to bring you, through his own observation and

those of hus dist hed h the dest present day thoughts and
observations on tumors of and within the thorax Pathogeness, structural
details, 1 | ! taria and therapeutic measures

assures the reader a comprehensive and informative guide to the better
understanding of the varous tumors and thexr more efficient treatment.

Since 1ts orgamzation twenty-five years ago, The American College of
Chest Physicians has encouraged and sponsored the education of the physi-
c1an 1 the field of diseases of the chest. The College 1s proud to sponsor and
recommend this fine volume, Dwagnosis and Treatment of Tumors of the
Chest, because of the excellent content theremn and because 1t recogmzes
the present day need for detatled reporting of the various groups of abnor-
mal entities This volume should prove useful not only as a text for special-
ists 1 thoraeie disease, but also as an excellent reference work for under-
graduate students and practitioners having a particular interest in fields
closely related to diseases of the chest. It should also be valuable to work-
ers mterested 1n the chinical and research aspects of tumors n general

Doxavp R. McKar



Preface

ANY TEXT ATTEMPTING TO DEAL with the subject of neoplasms, even on the
most practical elinieal level, must do so within the frame of reference of the
present state of our knowledge m the field of experimental and basie cancer
research. At present there are many conflicting theories as to the etiology
of the various forms of cancer. These include the well known virus concept,
immunologic mechanisms, somatic mutations, and chermnical and endocrine
careinogenests. Despite the establishment of viruses as etiologic agents in
many anmmal tumors, 1n only one human neoplasm (the skin wart) has a
virus etiology been established at present. Currently, our basic knowledge
of cancer consists of the following established facts (All else remains con-
troversial. speculative and unproven ) Neoplasta consists of cells which pro-
Dferate with no restraint, in contrast to the normal grow th of cells whieh 1s
limuted. Growth of the tumor may be related to changes mn the host or to
changes within the tumor cell itself. The former tumors are called depend-
ent and the latter autonomous, Withm the host, tumor growth may be al-
tered by sustained excessive stimulation or a deficiency of natural restrain-
ng forces Within the tumor itself, the rate of growth may be cytogenic or
outside of the self-replicating apparatus of the ccll Some autonomous tu-
mors respond to physical regulating mechanisms. Others do not. The gen-
eral trend mn malighant neoplasta 1s for progression, i.e., from bad to worse,
from a good response to a poor response and from normal function to non-
function The differences between benign and malignant are poorly under-
stood and 1t 1s unclear whether these should be grouped together as similar
discase processes Clearly, from the foregoing information there is nothmg
that ean be of immediate practical help to the chnician in the definitive
therapy of the patient with carcinoma Despite recent advances in the syn-
thesis of anticancer chemicals and further msight into antimetabolites and
enzymatic behavior of cancer cells, chemotherapy at present only offers
temporary relief 1n a hmited number of mstances The elmician today must
rely on the tried and tested procedures of early and accurate diagnosis and
1adicious surgical and radiation therapy. Early diagnosis today is helped by
the mprovement m our radiographic techmes and the addition of various
biopsy methods and exfoltative cytology Treatment has benefited by better
understanding of electrolytes, improved anesthesia and refined surgical pro-
cedures, Radiation therapy can be delivered m higher doses to more concen-
trated areas It 1s hoped, but as yet unproven, that mass radtography and
mass eytologic studies may provide the means for earlier diagnosts and 2
higher cure rate

As yet, none of the results from any particular method of treatment have

<



PREFACE xi

been subjected to rigid biostatistical evaluation. For this reason, n addition
to some overlappmg of material m various chapters, one must also expect
reasonable drfferences of opinton as to the best treatment for any particu-
lar type of tumor

An emment leader 1n the field of cancer research has recently stated that
1t may well be that some sumple practical methods, not necessanly related
to the basic aspects of cancer growth, may bring a solution to the practical
aspects of cancer control When this comes about, rescarch into the basie
mechansims that produce eancer will rightly be regarded, partially at least,
as an intellectual exercise. In this sense, the important discovery, to which
this book devotes constderable space that cigarette smoking 1s a major cause
of bronchogenic carcinoma, provides a means for elminating the major por-
tion of this form of cancer It 13 hoped that the matenal m this text will
provide sufficient moral and scientific ammunition for the practieing chest
clinieian to devote sufficzent time to the prevention of this form of cancer
If and when this comes about, further studies on the biologic nature of
bronchogenic cancer which are as yet not understood, will truly be i part
an mtellectual exercise

The tatle of this book 15 Diagnosis and Treatment of Tumors of the Chest,
It 1s hoped that a revised edition or an entirely new book on the subjeet wall
eventually be entitled Prevention, Diagnosis and Treatment of Tumors of
the Chest -

The presentation of the material in this book 1s dedicated to the concept
that research, education and patient care are the contmuing, interrelated
keystones on which the modern practiee of medicmne 1s based

Davip M Spamn, M.D,
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CHAPTER 1

On The Etiology of Bronchogenic Carcinoma

By MICHAEL B. SHIMKIN, M.D

PRIMARY PULMONARY CARCINOMA HAS BEEN RECOGNIZED for well over a hun-
dred years Descriptions of cases are to be found with increasing frequency
m the medieal nritings of the mineteenth century In 1879, Harting and
Hesse established that lung cancer accounted for a hagh proportion of pul-
monary deaths that were the scourge of the Schneeberg muners, the first ex-
ample of environmentally mduced lung eancer.

Primary carcinoma of the lung, as all other major forms of neoplastic dis-
ease, has been described to occur m all human populations and many ani-
mal species that have been adequately studied. It has become ncreasmgly
mote convineing from recent mvestigations that carcmoma of the lung rep-
resents a group of separable diseases The epidermoid and anaplastie mor-
phologte types of bronchogenic carcinoma 1n man are associated with known
environmental factors, occur more frequently in males than in females, and
have shown an mnerease in meidence throughout the western world (Dunn,
Doll) In contrast, adenocarcinoma of the lung appears to be much less re-
lated to known environmental factors, 1s more evenly distributed among
males and females and has been relatively stable in icidence (Kreyberg)
The bronchiolar carcinoma appears to be still another neoplastic entity,
morphologically resembling the prunary adenomatous tumor of the mouse
and the infectious adenomatosis of sheep.

Primary pulmonary tumors 1n animals are usually of the adenomatous
type. and the distribution by sex is approximately equal The lung tumor of
the mouse has been studied extensively, and similar tumors are found spon-
tnncously and can be mduced with ecarcinogens 1n the rat and gumen pig

carcmoma r bling the human tumor has been mduced 1n
rats following exposure to radioactive mhalants (Cember and Watson)

Among d animals, pul have been described
most frequently 1n dogs and in horses, probab]y because these species are
pernuitted to live to older ages Individual case reports of lung cancer in-
clude wild animals i zoologic parks, such as a jaguar, a kangaroo and a
avet There 1s also one report of an adenocarcinoma of the lung i a fowl

(Shimkin, Stemer)

These general comparative descriptions lead to the followmg generaliza-
twns. (1) Lung cancer was known before industriahzation was well ad-
vaneed and before cigarettes existed; (2) the basic causes of lung cancer

1




2 DIAGNOSIS AND TREATMENT OF TUMORS OF THE CHEST

are widely distributed among human and anumal populations; (3) there are
several neoplastic disease entities with diverse etiologtes grouped under the
anatomue designation of lung cancer, and (4) environmental inhalants can
lead to the mduction of lung eancer m man and in laboratory animals.

Tue INCREASE IN BRONCHOGENIC CARCINOMA

About 30 years ago 1t began to be suspected that primary pulmonary
cancer was bemg encountered more frequently The early impressions were
based usually on autopsy series 1n which lung cancer became increasingly
mere prominent relative to other causes of death or other types of neo-
plasms Tt is primarily in retrospect that this rise 1n incidence was noted in
the national vital statistics of the Umted States, Great Britain and other
western European countries (Dunn). In the United States, even retrospec-
tive analysis of such statistics encounters the difficulties of interpreting
changes I classification, Incomplete coverage, and the inadequate evidence
on which many of the early reports on neoplastic diseases are based (Ail-
more) For these reasons, the increase in lung cancer was a matter of serious
debate, and 1t 1s only during the past decade that 1t has become clear that
pulmonary caneer 15 a phenomenon that can be described as a neoplastic
pandeme (figs. 1 and 2). And the incidence rates for successively younger
cohorts continue to nise (fig. 3).

From a rare disease of 50 years ago, lung cancer has ¢lunbed to the first
posttion of site-specific neoplastic deaths among men. In the vital statistics
of the Umted States for 1956 1t accounted for 29,000 deaths of which 25,000
were among males, In men over 50 years of age, more deaths are attributed
to lung cancer than to all other respiratory diseases The recorded mortahty
18 even higher 1n some western European countries and in Great Briain
(Doll) Correetion of crude mortality rates to relate them to a standard
population of a fixed age distribution does not affect the trend of the rates
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Fig 1—Crude mortality rate for cancer m selected countries; (left) men; (right)
women (from Dunn)
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MORTALITY - CANCER OF LUNG B BRONCHUS, UMITED STATES
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Fig 2—Death rates for cancer of the lung i the United States, selected years 1914~
1050, classified by age, set and race (from Dorn and Cutler)

appreciably, indicating that the aging of the population 1s not a pronnent
feature m this inercase (Dunn).

Primary pulmonary cancer 1s not an easy disease to diagnose, and m
many early autopsy series the correet clinical diagnosis was missed m more
than 90 per cent of the cases. The past 50 years have seen the mtroduction
of the roentgenogram and the fluoroscope, the bronchoscope and thoracot-
omy, tuberculosis and other respiratory diseases have decreased as causes
of death, and antibioties have unmasked neoplasms that were previously
obscured by pneumonta, hospital records and vital statisties have improved
What, then, 1s the basis for believing that lung cancer has truly increased,
rather than that the figures merely reflect better recognition and reporting,
and other statistical artifacts?

Tins particular question, and its various ramnfications, has been the sub-
Ject of many astute analyses, confcrences and international symposia. The
following are among the many facts that support the thesis of a real increase
in lung cancer and, conversely, that are meonsistent with the explanation
of spurtous statisties for the major proportion of the increase:

1 The incretse n death rates from lung cancer continues, and 1s Just as evident now as
20 years ago Duning this time there has been no other neoplistic site or type that has
mamfested a comparable nerease
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Fig 3—Death rates for eancer of the lung for white males (fop) and white females
(bottom), by age, United States, sclceted 1914-1950, arranged to show colort rates (from
Dorn and Cutler)

2 The increase 13 more marked for males than for females, and thts disproportion has
become greater during the more recent years It 1s unhkely that greater diagnostic acumen,
or better recording, 1s exercised for men than for women

3 The nereace has been approsiumately the same among physicians in the United States
and i Great Britamn as among the general population of the two countries Presumably
phvsictans have better access to and use of duagnostic tt‘chmrs than the gencral population

4 The merease hts been most marked for epid 1 and anaplastie carcmn of the
lung, while adenocarernoma has remamned relatively stable
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Tue RoLe oF EmviroNMENTAL Factors

Speculations regarding the possible reasons for the mncrease m Iung can-
cer began to appear 1 the medical literature as soon as the crease was
suspected. The increase was widespread, 1t was affecting males to a much
greater extent than females, and 1t seemed more promment mn urban centers
than i rural areas These characteristics made 1¢ reasonable to consider that
the merease was not due to any genetic or constitutional changes in the
populations, and that specific local industrial situations could not account
for the phenomenon

One possibility entertatned was that pultnonary eancer was the end re-
sult of some nfectious process such as tuberculosis or influenza Tubereulo-
sis was considered of primary mportance by Ewing, but this thesis 1s no
longer compatible with the decreasing meidence of tuberculosis while lung
cancer continues to rise Morphologic studtes on Jungs of indivaduals dying
during the influenza pandemne of 1918 to 1919 revealed epithelral prolifera-
tion of the bronchioles which 1 many cases mvaded the surroundimg tissue
and resenibled a neoplastic process (Jordan) It was suggested that an -
crease m lung cancer among survivors fmght be anticipated as a conse-
quence However, morbidity and mortahity from mfluenza affected men
and women equally, which 1s not 1 accord with the sex meidence of lung
cancer The prediction has been finally laid to rest by direct studies of vet-
erans of World War I, which farled to elieit an association between influ-
enzal | and the sub devel of bronch carci-
nema (Case and Lea)

Other favared . Tuded the envire tal agents to which
the general population, but particularly the males, were being exposed to
an increasingly greater concentration It 1s, of course, more than likely that
oun the wall of some Egyptian tomb are mseriptions attesting that disease 1s
the result of the corruptions of eiviltzation and the stresses of hife Never-

theless, 1t 15 undeniable that the past 50 years have scen the appearance of
new hazards and the aceelerated exposure to old dangers In the field of
neoplasms, the British surgeon Pereival Pott 1n 1775 showed that chrome
contact with soot led to the appearance of scrotal earcinoma n chimney-
sweeps and the patient Jag pathal Y: and Ichikawa 1n
1915 produced carcinoma on the cars of rabbits pamted with tar. These
findings suggested that smular materials m the inhaled air deserved ex-
ploratton 1 the search for causative environmental agents that may be in-
1olved in the rising toll from pulmonary cancer

Such candidate materials are not difficult to find Since 1926, 1n the
United States there hai e oceurred two to sinfold mereases in motor vehicle
registration. fucl ol sales. motor fuel consumption and asphalt highways
(fig 4). There also has been a 35 per cent erease m the per capita use of
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Fig 3—Death rates for cancer of the lung for white males (fop) and white females
(bottom), by age, Uruted States, selected 1914-1930, arranged to show cohort rates (from
Dorn and Cutler)

2 The merease 15 more marked for males than for females, and this disproportion has
become greater during the more recent years It 1s unhkely that greater diagnostic acumen,
or better recording, 1s exerersed for men than for women

3 The merease has been approvimately the same among phystcians 1 the Umted States
and 1n Great Bratam as among the general population of the two countries Presumably
physicians have better access to and use of diagnostic technies than the general population

4 The mnerease has been most marked for eprd and 37 of the
Iung, while adenocaremoma has remained relatively =tablc4
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Tue Rote oF ENVIRONMENTAL FAcTORs

Speculations regarding the possible reasons for the increase m lung can-
cer began to appear m the medical Literature as soon as the mncrease was
suspected. The mncrease was widespread, 1t was affecting males to a much
greater extent than females, and 1t seemed more prominent m urhan centers
than n rural areas. These ch 1stics made 1t ble to consider that
the increase was not due to any genetic or constitutional changes m the
populations, and that speeific local industrial situations could not account
for the phenomenon

One possibility entertamed was that pulmonary cancer was the end re-
sult of some mfectious process such as tuberculosis or influenza. Tuberculo-
sts was considered of primary mmportance by Ewing, but ths thesis 1s no
Tonger compatible with the decreasing intidence of tubereulosis while Jung
cancer continues to nse. Morphologte studies on lungs of individuals dymg
during the mnfluenza pandemuc of 1918 to 1919 revealed epithehal prolifera-
tion of the bronchioles which 1n many eases invaded the surrounding tissue
and resembled a neoplastic process (Jordan) It was suggested that an m-
crease m lung cancer among survivors might be anticipated as a conse-
quence However, morbidity and mortality from mfluenza affected men
and wnomen equally, which 1s not i accord with the sex medence of lung
cancer The prediction has been finally 1a1d to rest by direct studies of vet-
erans of World War I, which failed to elicit an as<ociation between nflu-
enzal T and the subseq devel of broncl ic carci-
noma (Case and Lea)

Other favored candid luded the envir 1 agents to which
the general population, but particularly the males, were being exposed to
an mncreasmgly greater concentration It 1s, of course, more than likely that
on the wall of some Egyptian tomb are inscriptions attesting that disease 1s
the result of the corruptions of civilization and the stresses of life Never-
theless, 1t 15 undemable that the past 30 years have scen the appearance of
new hazards and the accelerated exposure to old dangers In the field of
neoplasms, the British surgeon Pererval Pott m 1775 showed that chrome
contact with soot led to the of scrotal m clumney-
sweeps, and the patient Jap pathol Y and Iehikawa m

1915 produced careimoma on the ears of rabbits painted with tar, These
findings suggested that sinnlar materials in the mhaled arr deserved ex-
ploration 1n the search for causative environmental agents that may be in-
volved m the nising toll from pulmonary eancer.

Such candidate materials are not difficult to find Since 1926, in the
Unuted States there have occurred two to sixfold mereases in motor vehiele
regstration, fuel ol sales, motor fuel consumption and asphalt highways
(fig. 4) There also has been a 35 per cent merease in the per capita use of
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Fig 4—Trends in selected environmental factors m the Umted States, 1900-1933, using
1926 as the reference point (100) (from Hammond)

tobaceo, but a fivefold increase mn the use of cigarettes with a resultant drop
in other forms of tobaceo produets (Milmore and Conover). And, of course,
there has been mereasmng mdustrialization, and concentration of popula-
tions m and around urban centers with heavy contamination of the atmos-
phere with a wide variety of mdustnal and mdividually produced pollut-
ants

In 1956 Campbell began a senies of ivestigations i England which dem-
onstrated that dust from tarred roads and exhaust fumes of bile:

could increase the frequency of pulmonary tumors and mnduce some skm
earcinomas in mice In 1938 the newly formed National Cancer Institute
selected pulmonary cancer as one of its topics of research emphasis and a
number of the earliest research fellows were selected for this work. Tars ex-
tracted from atmospheric dusts collected n several cities were demonstrated
to be carcinogenie, 1 that on subcutaneous injection they produced sar-
comas 1 muce (Leiter et al } These data were 1n general agreement with the
observation that lung cancer occurred imore frequently in cities than m
rural areas, and helped to stimulate the campaigns for atmospheric pollu-
tion abatement 1n such cities as Pittsburgh and St. Louss. Since proponents

for dirty air are few and far between, no one seriously questioned whether

adenomatous pulmonary tumors and subcutaneous sarcomas in mice had

much to do with bronchogenie carcinoma n man.

IxpusTRIAL FaACTORS

Another active field of research dealmg with possible environmental fac-
4hat hove hoen
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gathered laboniously on workers m various industries Such data are often
obtamed m the face of considerable opposition from management, since
bothersome compensation problems ean be posed by the findings It is not
surprising, therefore, that m many instances possible hazards remain as
plausible shrend guesses rather than established epidemiologie findings
(Hueper)

There are at least five occupations 1n which lung caneer 1s an unquestion-
able hazard Among the mmers of Schneeberg and Joachimsthal, who dug
silver for the Fuggers of the sisteenth century and now extract radioactive
ores for the Kremln, lung cancer may well be the first cause of mortality.
Whether radioactisity per se, a combination of metallic ore dusts or the ac-
tion of both are responsible s still far from clear (Lorenz) Recently, the
thesis of radioactivity has gamed favor by the production of bronchogeme
carcinomas n rats breathing or sufflated with radioactive cesium or sul-
fur Further research work on the relationship of radiation exposure and the
occurrence of lung eancer 1n man should have high prronty, since mankind
15 enterng an era of rachation, and 1t would be useful to know what that
means 1 terms of mcreased leukemua, mutations and, perhaps, lung cancer
as well

Chromate workers also have an inereased risk to lung eancer, estimated to
be between 14 to 80 times that of the general population (Doll) Until re-
cently, no tumors had been produced m expermmental animals with chro-
mates, although 1t must be admitted that the pubhshed works did not indi-
cate that the mvestigators were trymng very hard Hueper now has reported
the appearance of neoplasms 1n rats mjected subcutaneously with chromate
ore roast

Asbestosts has been shown acceptably to lead to the development of lung
cancer n man The workers i this industry with exposures sufficient to
cause pulmonary lesions develop ten times the neidence of lung eancer to
be expected 1n the general population {Doll)

There are a number of other oceupations 1n which the nerease 1 the
risk to lung cancer 1s of more modest proportions on the order of double
that of the general male population These groups mclude workers 1n coal
gas factortes and iron ore nuners {Doll),

Breslow ¢t al. conducted a retrospectis e study on the relationship of oc-
cupation to lung cancer, and found that 7 occupatronal groups, particularly
those exposed to metallic partieles, fumes and products of metallic combus-
tion, had a high representation among lung cancer cases Howev er, when
thesc data were adjusted for eigarette smoking, only steam fitters, boiler-
makers and asbestos workers had an merease in lung cancer that approached
statistical signifieance

‘The findmgs on groups of mdustrial occupation establish that 2 number
of environmental whalants can merease the sk of deseloping lung cancer.
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1f chromate and asbestos are adequate examples, materials that are car-
cmogenic for the lung are different from the classical carcinogens for the
skin of man, at least quantitatively The reaction process appears to involve
mhalation and protracted, direct contact of the agent with the bronehal
mucosa, usually accompanied by pathologic changes in the lung substance.

For every worker who remams m one occupation for many years, there
are many ndividuals whose employment is more temporary, In addition,
around most industries there 1s some contammation of the ar with the
products of the industrial process, so that families of workers and other
restdents of the locality are exposed to the materials, although at lower
concentrations These peripheral exposures of the general population prob-
ably account for some of the increased mcidence of lung cancer in man, but
the proportion that can be ascribed to these factors eannot be a predomi-
nant one, There are at least two reasons for this conclusion: A general at-
mospheric contaminant should affect males and females more equally than
experience wdicates, but more unportant 1s that another environmental
factor, the smoking of tobacco, was shown by direct studies to be of greater
relative mmportance

THE RoLe oF ToBACCO SMOKING

The relationship of smoking to lung cancer has been postulated for many
years, but seientific demonstration of the relationship became more firmly
established 1n 1930, In that year, 5 adequate investigations were published,
all showing an association between lung cancer and smokmg, especially of
cigarettes These studies were of retrospective design; that 1s, patients with
lung cancer were questioned regarding their habts and other events in thewr
past history, and the answers compared with those of “control” patients
without lung cancer, matched for age, sex and other characteristics. In
these, and 1n at least 15 additional studies of this type now published from
8 countries, 1t has been umiformly reported that more patients with lung
cancer smoked, and a greater proportion were “heavy” smokers of cigarettes
than the control group.

Individual retrospective epidemiologie studies can be eriticized on sev.crnl
statistical grounds, but since these studies were conducted with various
modifications of selection and technies, the speerfie criticisms which have
been advanced do not apply to all of them (Cornfield et al.). For example,
the possible bras introduced by presumed overstatement of rccal]ed‘smokgng
habits by patients with lung eancer 1s excluded 1n several studies in wlu?h
histories were obtained before the diagnosis was established Patients in
whom the presumptive dragnosis of lung cancer was not proved n:§embl.od
controls rather than lung cancer patients i regard to their smoking his-

torzes.
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The statistical findings of the reported increase of lung cancer m many
countries and of the retrospectne studies showing an association between
smoking and lung cancer were among the mam topies considered by an m-
ternational conference on the eptdemiology of lung caneer held 1n Louvain
1n 1952 (Stemner) Among the conclusions of the conference was that 2 sig-
mificant part of the lung cancer increase was real, and that there was an as-
sociation between cigarette smoking and bronchogenic carcinoma Further
research was urged. Atmospheric pollution, occupational hazards and other
environmental factors were additional areas m which expanded research
was recommendecd,

The conclusions arnved at 1 1932 were based primanly on statistical
data At that time, pathogenetic and experimental data on the effects of
tobacco smoke on the lung were scanty and conflicting The American Can-
cer Soctety provided effective leadership in expanding research 1n these and
other areas, through a sertes of research conferences and a broad special
program of grant support for research on lung cancer,

In 1051 to 1952, 2 investigations were begun using the prospective method
to study the assoctation of lung cancer to smoking In England, Doll and
Hill sent questionnarres to 60,000 physicians regarding their smoking habits,
and began to follow the 40,000 from whom they receive answers as well as
the 20,000 who dul not reply. The American Cancer Society mitiated a
study under the direction of Hammond and Horn, tn which volunteer work-
ers obtamed smoking histories on 188,000 males 50 to 69 years of age The
men were followed for 44 months Dorn of the National Cancer Institute
began a third large study in 1054, using over 230,000 veterans of World
War I as the observation group

The answers from these 3 massive nvestigations were I agreement
among themselves and with the previous results from retrospective studies,
The early resuits of the prospective studies that mitially could have been
attributed to bias i onginal seleetion of subjects not only did net disappear,
but became more marked as the studies progressed. The clief findings were*

(1) The death rate from all causes was greater 1n persons who used to-
bacco, especaily cigarettes, than m nonsmokers; (2) the greatest inerease
for smokers, especially of eigarettes, in the risk of developing 2 disease was
for bronchogeme carcinoma, and (3) this mereased nisk was directly related
to the total consumption of cigarettes per day.

It 15 1mportant to note that the assoctation of eigarette smoking to lung
cancer 1s of a very high order of magnitude Thus, in all three studies there
was an merease 1 the mortabty rate among cigarette smokers from all
causes of death combined. This excess in the Hammond-Horn study was
68 per cent; 1¢, the ratio of deaths among men who never smoked to deaths
among men who smoked eigarettes regularly was 1 to 168 There were, in
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evoke carcinomas 1n muce first panted with subeffective doses of known
polyeyelie carcthogens (Gellhorn).

Bronchogenie epidermord earemoma has not been produced in animals
exposed to eigarette smoke, as of the time of this essay. Leuchtenberger et
al have described hyperplastic and metaplastic changes in the bronchi of
mice exposed to tobacco smoke, and similar effects have been reported in the
bronchz of dogs following direct contact with tobacco tar, Whether the pul-
monary adenomatous tumors of mice are increased 1 number by tobacco
smoke is not clear, the literature contains one clearly negative and one posi-
tve expermment

Another important line of research has been directed toward the analysis
of the constituents of the complex chemreal mixture 1 tobaceo smoke, 1
order to 1dentify the ehemicals that may be mvolved in the neoplastic reac-
tion Attention was naturally focused on the polycyelic compounds such as
the known carcinogen of coal tar, 3,4-benzpyrene. Pyrolysis of many or-
ganie matenals. meluding tobacco, will form such compounds, and a number
of them have been 1dentified and 1solated, mcluding 3,4-benzpyrene, 1,2-
benzpyrene, 1.2,5,6-dibenzanthracene, chrysene and 3,4-benzfluoranthra-
cene {Van Duuren) Whether the removal of these chemieals from tobacco
smoke, or their precursors m the tobacco leaf, would produce a eigarette
that 1s “safe” for human betngs would have to be established by epidemio-
logic observations on man,

INTERPRETATION

1n 1957, a special Study Group exammed the scientific evidence on the
problem of the effects of tobacco smokimng on health. and arrived at the fol-
lowing eoneluston - “The sum of selenttfic evidence establishes beyond rea-
sonable doubt that cigarette smokimg 15 a eausative faetor in the rapidly
mereasing merdence of human epidermoid earemoma of the lung.” Coneur-
rently, there appeared a report of the Medical Research Council of Great
Britamn which also drew the inference of a causal relationship between
smoking and lung cancer A mimilar viewpomt has now been accepted by
responsible health offieials of the United States, Great Britan, the Nether-
lands, Norway and Sweden,

These conclustons do not mean, of course, that smaking is the only cause
of lung eancer, or that all problems regarding smoking and lung cancer have
been sulved.

Stnee cancer of the lung 1s a response to a series of stimuli, the determina-
tion of relative importance of these causative factors 1s of great importance.
The epidermiologic facts about lung cancer can be summarized as follows:

61

1 It 1s more frequent 1n males than 1 females, by a ratio of approumately 4 to 1

2 It 1= more frequent m urban than 1n rural populations, by a ratio of 18 10
amane malez and 12 to 15 1 amone females
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3 It 15 more frequent 1 some mdustnal occupations than m the general population,
especially among muners 1n radioactiye-beaning ores, chromate workers, asbestos workers,
coal gas workers and iron-miners

4 It 15 more frequent among the lower socio-economuc classes than in the general popu-
lation, by a ratio of approvimately 14 1 (Cohart)

5 It 13 more frequent among tobacco smokers than among non=mokers, by a ratio of
approximately 5 1

6 It 15 more frequent among regular cigarette smohers than among nonsmohers, by a
ratio of 10 1 among all male smokers to 60 1 among smokers of over 2 packs per day

Using & national survey of the smoking habits i the United States, an
analysis was made to test how closely the known epidenuologic character-
1sties of lung cancer could be accounted for by a hypothetic assumption that
all lung cancer was due to smoking of tobacco (Haenszel and Shimkin). It
was found that two features of the distribution of lung cancer deviated from
the predieted model: the male-female sex ratio and the urban-rural differ-
ence. However, the sex ratio deviated by only 40 per cent, which 1s almost
exaetly the same as the male preponderance i mortality from all causes
of death at ages over 35, Dircet retrospective studies on women al<o yield
data indicating that the striking sex ratio for lung cancer 1s reduced to ap-
proximately 1 female to 14 male when adjustment 1s made for smokmg
history, and the lung cancer ratio among rural female and male nonsmokers
15 also of this order (Haenszel et al } For the urban-rural difference, about
60 per cent of the urban excess remains unaccounted for after adjustment
for smoking history, indicating factors m addition to smokmg m the urban
environment

Some estimates can be made regarding the proportion of lung cancer
deaths that can be allocated to the known environinental factors Of the
29,000 people 1n the United States recorded as dying of lung eancer in 1936,
25,000 were males If the rate of lung cancer in rural nonsmokers 1s approx-
mately 4 per 100,000 for females and 5 per 100,000 for males, about 7.000 of
the total deaths were not attributable to known envir al factors Con-
versely, 22,000 deaths were due to environmental factors, and of these at
least 70 per cent, or 15,000, were associated with smokmg of tobacco, par-
ticularly 1n the form of crgarcttes. The proportion attributable to tobaceo
smoking would be mereased 1f only emdermord and anaplastic bronchogenie
carcmoma were considered, excluding pulmonary adenocareimoma

As an external stimulus to neoplastic change n the lung, eigarette smok-
ing, therefore assumes an important, yet far from an exclusive, causal role.
What 15 meant by “cause” here 1s devord of semantic and philosophic sub-
tleties 1t 1s presumed that 1f smoking of tobacco, or at least in the form of
ergarettes, were discontinued by the population, the lung cancer death rate
would be reduced by & mimmum of 50 per cent among the younger genera-
tions who had not taken up the habit, and to lesser degrees among those
who stop smoking
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Since there are other causative factors involved, the predietion 1s valid
only if other factors are held constant. It is possible that other carcinogenic
stunuli such as increased radioactive atmospheric pollution may in the fu-
ture more than replace smoking as a cause in the increase of lung cancer.
And because neoplastic disease of the lung 15 a reaction to many causes,
preventive public health must consider multifaceted measures. An acceler-
ated program to determine which ai pollutants are particularly associated
with lung cancer 1s essential To embark on a campaign of reducing ciga-
rette smoking and to neglect atmospherie pollution and further research
would be an obviously mcomplete approach. The obverse, however, is also
not reasonable* 1t 1 not necessary or desirable to postpone some obvious
public health steps 1n regard to the smoking problem until all aspects of at-
mospheric pollution are clarified, or until we understand the factors m-
volved n the important residual of lung eancer for which we have no plausi-
ble environmental relationship at present. Such steps certainly mclude
education of the publie, particularly by the medical profession, regarding
the fact that tobacco smoking is a health hazard, setting of the nonsmoking
example by public figures that have gained the influence of emulation by
young people, and control of the hucksterism for cigarettes over public me-
dia of communication

The ubiquitous distribution of lung eancer in human and animal popu-
lations mdicates that the basic cause of cancer of the lung 1s widely dis-
tributed. Whether the characteristic 1s distributed at random throughout
the population, as would be expected 1f the disease 1s due to somatic muta-
tion, or involves an umidentified subpopulation of susceptibles or mfcct.ed
mdividuals, such as would be expected 1f cancer is a result of a virus in-
festation, 1s of course no better known for bronchogenic carcinoma than it is
for any other type of neoplastic disease. Research 1n these fundamental cell
and tissue processes undoubtedly will lead us to better understanding of
the neoplastic transformation The knowledge on the epidemiology and
pathogenesis of bronchogenie cancer 1n man that has already accumulated,
however, makes this one of the few visceral neoplastic entities in which re-
search and pubhe health can jom hands with the victory of substantal pre-

vention being an assured, achievable goal
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CHAPTER 2

Experimental Lung Cancer
By MARVIN KUSCHXNER, M.D

THE NOW CONVINCING EVIDENCE for the relationship between exposure to
env 1 cari and the develop of lung cancer was origl-
nally denved from epidemiologic studies. It has become mcreasingly mm-
portant to supplement these data by experimental induction of pulmonary
tumors This necessity relates to the fact that most mnaterials to which man
15 exposed are complex mixtures, and the identification of specific carcino-
gens 1 such mastures ean most efficiently be performed 1 the laboratory
Test systems 1n which amumals are made to develop lung cancer permit the
detailed analysis of modes of pathogenesis, of dose response relationships
and of the combmed effects of selected materials, some of which may con-
tribute to carcinogenesis by nonspeafic actions Furthermore, although
some materials strongly suspected of being pulmonary carcinogens m hu-
mans have been shown to be earcinogenic at other sites 1 ammals® 2 *
some quesnons have arisen as to the comparability of such effects to those

produced 1n bronchial epith

Tue DeverorMENT oF TEsT Trcmwics
Many of the experimental studies relatmg to pulmonary tumor mduc-

tion m anumals have concerned tt Tves with
mwce Detarled studies of the histogenesis of th\s tumor by Grady :md
Stewart® and by Mostofi and Larsen' have mdicated that this tumor
arises as a praliferation of lintng cells 1n peripheral alveoh Extensive re-
views by Smith,!® Stewart,'® and Shiumkin'* have all emphastzed the pe-
cuhar character of adenoma 1n muce and 1ts dissimilarity to the vast ma-
Jority of human lung cancers The common lung tumor m man 1s a
squamous cell or undifferentiated carcinoma ansing 1n a segmental, lobar
or man bronchus

Attempts to induce lung tumors 1 anmmals comparable to those seen
m humans began with the use of polyeyelic hydrocarbons known to e
tughly careinogenic at other sites. The many failures that attended these
carly cfforts are thoroughly reviewed by Smuth ™ The first successful m-
duction of squamous cell carcinoma n experinental ammals was reported
by Andervont m 1937 ! The technie invols ed passing threads impregnated

1w
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Fig 1—Squamous cell carcinoma of mouse lung nduced by transfivion of the lung bya
thread ympregnated with 1,2,5,6 dibenzanthracene The tumor extends to and mvolses
the lateral chest wall Hematoxylin-eosn 200 X

with 1,2,5,6 dibenzanthracene through the ntact chest wall of mice
Modificattons of this thread transfixation technie in mice and in rats have
been deseribed from this laboratory” and have resulted in the induction of
bronchogenic caremoma in these spectes on exposure to methylcholan-
threne, 1,2,5,6 dibenzanthracene and 3,4 benzpyrene. Tumors so induced
have been well differentiated squamous cell carcinomas which extensively
nvade the lung and chest wall (figs. 1 and 2), and occasionally give rise to
metastatic tumor at distant sites, notably the hilar lymph nodes and kid-
ney (fig. 3). Several of the tumors so 1nduced have been transplanted in
homologous animals (fig 4)

In order to conveniently study the serial events that precede the de-
velopment of cancer, another technic has been devised which affords se-
lective exposure of a well defined area of bronchial mucosa to carcinogenic
material This involves the implantation within a bronchus of the rat of a
cylindrical wire mesh pellet impregnated with test matenal” Such treat-
ment utilizng methyleholanthrene, 1,2,5,6 dibenzanthracene and 3,4 benz-
pyrene has agam resulted in the production of squamous cell eancers (fig. 5)-
Prelmunary observations of the effects of such implantation on the mu-
cosa would seem to indicate that there 1s an mutial striking hyperplastic
response with evidences of rapid proliferation This is sueceeded by meta-
plasia to a mature well differentiated squamous epttheltum which remains
static for relatively long periods of time. Carciomatous transformation of
this epidermoid hning with invasion then rapidly supervenes,
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Fiz 2—Squamous ecll carctnoma of Tat lung induced by transfiuion of the lung by a
theead mpregnated with methy lebolanthrene Hematoxyhn—eosin 200 X
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Fig 3—Carcinomn 1n hidney secondary to earcinoma of the rat lung mduced by trans-
fiaon of the lung by a thread smpregnated wath methylcholanthrene The tumor 1 the
Kudney consiets of nadules of fairly well dyfferentiated squamous ccll caremorna as does the
pulmonary primary site The centers of the nests of tumor are heratimzed Hematowy dm-
eosin 200 X
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Fig 4—Growth of squamous cell caremoma m the subentaneous tissue of the grom of
a mouse following transplantation from a 1,2,5,6 dibenzanthracene thread mduced tumor
m a mouse Hemateylin-eoum 200 X
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Fiz 5—\lucosal ongin of squamous cell ciremoma 1n & rat ansing at the site o_f im-
Pretion of a methy leholanthrene impregnated wire mesh pellet Hematoy hin-cosia 225 X

An additional technie for limited exposure of a selected area of mucosa
which allows for direct visual observation of changes and permits of scnxlll
biopsy samplig of such an area has been developed m the dog' This
technie involves the establishment of a permanent tracheostomy through
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which the animals may be repeatedly bronchoscoped with endoscopic ap-
plication of test matenal to the bronchial mucosa and bropsy of the
treated zones

All of the above deseribed methods for exposmg anmmals to potent
careinogens require operative and manipulative technies which are quite
unlike the naturally occurring exposure of the respiratory tract to inhaled
materials Attempts to induce tumors in animals by the somewhat less
artificial means of intratracheal mstillation or by aervsol exposure to poly-
eyelic hydrocarbons have been entirely unsuceessful” or have been attended
by a much less 1mpressive tumor yield * They have been somewhat more
productive in the exposure of animals to what would appear to be a much
more potent type of carcinogen, 1otuizing radiation ® 1% 1

The contrast between the high tumor yield of such technics as thread
transfixion and pellet implantation and the difficulties in producimg tumors
by mhatation and intratracheal mstillation would seem to have mportant
mplications 1n terms of the pathogenesis of lung tumors These two types
of exposure differ fron one another m two major respeets The first dif-
ference is n the level of dosage which 1s much higher with the transfivion
and implantation methods The large quantities of test materal contaned
in the thread or pellet are held there and subject the epithelum to pro-
longed, contmual dosage at 2 high level In contrast, fluorescent micro-
scopie studies and quantitative chemical determinations of the amounts of
methylcholanthrene 1n the lung after mhalation or itratracheal mjection
have indicated that there 1s a rapid disappearance of this matenal” To
render these latter techmies successful then, sigmificant prolongation of
€xposure time and exposure period may be necessary

The second difference betw cen the successful and relatively unsuccessful
technies s that the former are all, in varying degree, traumatic procedures
Such trauma may produce alterations n the bronchial mucosa which render
1t more susceptible to the actions of carcinogens One may well speculate
that the regenerating epithelium after trauma furnishes a more suitable
Substrate for carcinogenic activity or that the altered mucosa without 1ts
Pprotective coat of watery mucus may be more easily penetrated by car-
emogens Further, an ares of traumatieally mduced mucosal alteration may
interfere with normal bronchial elearing mechanisms with resulting stasis
and accumulation of foreign matenal and a selective merease 1n local
dosage, These observations may prove particularly signifieant in the evalua-
tion of the importance of the nonspecific irntative action of certamn materi-
als or mixtures of materials m the development of lung cancer They bear,
too, on the possible role of pre-existing pul y disease mn g
susceptibality to mhaled earcinogenic agents
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ExaMINATION OF SPECIFIC MATERIALS SUSPECTED OF
Bemve CarcINOGENIC FOR Man

The development of the technics deseribed above has furnished the
means of examining the carcinogenctic properties of materials implcated
in the causation of human lung eancer. The difficulties involved mn the in-
duction of experimental tumors with pure polyeyelic hydrocarbons, which
must be considered much more potent than naturally occurring substanecs,
provide some msight into the faillure of atteinpts to mduce animal tumors
with such materals as tobacco smoke® or compounds of chromium? ad-
mustered by 1halation. It 1s pertinent to note that for ionizing radiation,
the most potent pulmonary carcinogen to which man has been exposed and
one 1 which the tumor neidence was roughly 50 per cent, the average
exposure pertod was 17 years.*®

As mught have been predicted on the basis of human experience, 10nizing
radiation with 1ts extremely high carcinogenic poteney has been the first
material to yreld sigmificant results when tested in animals, The applica-
tion of the pellet implantation techme utihizing pellets plated with a radio-
active 1sotope, Ruthenum-106 has proved particularly advantageous®
(fig 8). It has provided a means for fairly exact caleulation of dose to 2
well defined area of bronchial mucosa Tumor meidences have demonstrated
a characteristic dose dependence and the tumor induemg levels have been
quite comparable to those caleulated for man

5.

U 2 tumer
<2 -T2~ ¢ the lung m a rat This equarnen el tume
T rererounes

a platinum pellet plated with
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1t seems reasonable to expect that experimental technres will suceeed,
when properly apphed, m solating, 1dentifymg and quantitating specific
human careinogens as well as other agents that may promote carcinogenesis
Such findings will offer a basis for rational eontrol of environmental hazards.
Negative results to date, as they relate to matenials for nlich there 15
strong epidemiologic evidence of causal relationship, must be eritteally in-
terpreted m terms of the difficulties mvolved 1n expernnental tumor mn-
duction with pure potent carcinogente matenials
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CHAPTER 3

Pathogenesis of Carcinoma of the Lung
By ARTHUR PURDY STOUT, MD

THE ONLY CARCINOMA TYPE about the pathogenesis of which anything defi-
nite 1s known 15 the squamous cell carcinoma developing from the bronehial
mucosa So far as I am aware the precancerous process leading to the de-
velopment of adenocareioma 1s actually unknown Sinee 1 out of 10 bron-
chial adenomas are said to metastastze, 1t nught be argued that the other
9 should be regarded as potentially precancerous, but there is no proof that
the occastonal malignant adenoma origmated from a benign adenoma The
rare bronchiolar careinoma which consists of a proliferation of mucus-
secreting glandular structures presumed to be derived from the epithelium
of termmal bronchioles 1s supposed by some (Laipply et al) to have a
benign adenomatous phase, but the majonity of obseryvers believe that they
are all forms of earcinoma albert a varety that 1s slow to metastasize (Over-
holt et al ). For the great majonty of adenocarcinomas, however, a pre-
cancerous phase 1s entirely unknown.

A great deal of mvestigatine work has been done on the possibility of
the oceurrence and recogmtion of precancerous phases for squamous cell
carcinoma in the broneln It was mevitable that this should be so because of
the recogmtion of defimite precancerous lesions m the skin and 1n other
mucous membranes notably the eervix uten, the vulva and vagina, the oral
cavity and the larynx It 1s of great interest that precancerous lesions 1n
these different foet that lead to the development of mnvasive squamous cell
carcinoma are often quite different and any attempt to apply enteria per-
tammg to precancerous phenomena i one part of the body to another part
may lead to letely erroneous 1 For example, lenkoplakia with
squamous hyperplasia m the oral cavity and the vulva is justifiably re-
garded as a precancerous leston. But in the cervical canal, and at the
squamoglandular junction 1n the external os, squamous metaplasia is not
regarded as a precancerous lesion,

When the tracheobronchial tree is studied certam lesions are observed
whieh might be precancerous One of these 1s a prolferation of the basal
layer of cells ealled basalhy perplasia This can vary 1n amount v ery greatly
It 1s natural to invostigate the possible relationship to careinoma of any
marked proliferative actnaty on the part of cells of the surface mucosa

235
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There 1s no proof as yet that this basal hyperplasia has significance as a
precancerous process. Another change, which has been frequently noted,
has been called stratifiecation This means that the surface mueus-secreting,
ciliated cells disappear and are replaced by flattened cells while the deeper
cells retamn their orderly arrangement. None of the altered cells 1s ana-
plastic and so far there has been no proof that stratification is a precan-
cerous lesion

Very possibly stratification 1s a change that may precede the next lesion
to be descrabed whieh 1s squamous metaplasia In this interesting and quite
common change m the trachcobronehial tree the surface mucosa loses all
1ts normal characteristics and becomes converted into a membrane of squa-
mous epthelium It must be emphasized, however, that while the change
from normal epithelium to a squamous membrane is striking, none of the
altered cells has the charactenstics of a cancer ccll. Since leukoplakia is a
precancerous Iesion 1 the vulva and oral eavity and since the large ma-
jority of carcmomas of the bronchi are squamous cell cancers, squamous
ccll metaplasia in the trachcobronehial tree might be supposed to be a pre-
cancerous lesion there. However, when it is realized that squamous meta-~
plasia regularly follows severe inflammation of the tracheobronchial tree
that causes uleeration or fistula formation probably as part of the process
of repair and mucosal regeneration, it will be appreciated that squamous
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metaplasia due to 15 not & precancerous lesion. It 1s regularly
found at autopsy, for example, in the tracheobronchial trees of children
with severe ulcerative bronchitis Except as a curious phenomenon, chil-
dren and young adults do not develop bronchial carcinomas This 13 not to
say that earcinoma never develops 1n squamous metaplasia, for on rare
occasions anaplastic earcinoma cells may be found 1n an area of squamous
metaplasia n which case one must mterpret such 2 lesion as carcmnoma
situ, but this is a rare phenomenon.

The only lesion 1 the tracheobronchial mucosa which can be regarded
definitely as bemg s true forerunner of mvasive carcinoma 1s the so-called
carcinoma m situ. This term should be used only when the normal surface
mucosa 15 entrrely replaced by anaplastic eells entirely comparable to the
cells found m mvasive caremoma Such cells will vary i relative size with
the formation of small giant forms, mast of the nucler will have clearly
defined nuclear markings with large nucleoli and not infrequently mutoses
These changes may extend down the ducts of the mucous glands, but of
course there will be no disruption of the basement membrane and extension
of the tumor cells into the substantia propria for 1f that oceurs the car-
cinoma 1s no longer 1 sitw, but has become 1nvasive. Studies of the tracheo-
bronchial trees 1 cases where there 1s gross mvasive carcmoma of the
bronchi have shown that patches of careinoma tn situ are often present n
both lungs Occastonally, 1t has been possible to demonstrate mieroscopic
wvastve caremoma from foer of careinoma in sitw i these eases so that
these Jestons can be regarded justifiably as truly premnvasive careinoma
There 15 good evidence that caremoma m sty 15 frequently found mn mdi-
viduals who are known to have mspired careimogens over a long period of
years
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CHAPTER 4

Pathology of Carcinoma of the Lung
By OSCAR AUERBACH, MD.

MALIGNANT EPITHELIAL TUMORS OF THE LUNG may be divided mto two main
groups* (1) carcinoma of the bronchus and (2) pulmonary adenomatosis.
There are also two unusual varants of bronchial carcinoma, namely micro-
scopie carcioma and giant cell earcnoma Carcioma of the bronchus
forms over 95 per cent of the observed cases,

CarciNora oF THE BRONCHUS

Determming the location of the origm of the cancer within the bronchus
is beset with difficulties We feel that at times 1t 15 nmpossible to determine
the site of origin with complete aceuracy In cases where the carcinoma in-
volves the mam bronchus there 1s often a contignous mvolvement of a
portion of the adyoming trachea and the nexghboring branch bronehi. These
cases are classified as having therr origin 1n the major bronchus with con-
tiguous extenston to the trachea and neighbormg bronchi

The right lung 1s nvolved shightly more frequently than the left The
marmn bronchi are most often the stte of cancer, followed by the upper lobes
The lower lobes are much less trequently affected than those in the upper
lobes
When the tumors are measurable they vary mn size from 20 to 200 cm.
The majority of these vary i size from 50 to 100 cm

Pathologic Anatomy

Classifications based on the gross appearance of carcinoma of the bron-
chus have been extremely varied We have found that this may be divided
1nto three mam groups (1) the tilar type arsing from the right or left
main bronchus, (2) the pulmonary type arismg in bronchi mathin th§ lung
parenchyma and (3) the peripheral type n which no bronchial origin can
be found on gross exammation

In the first two groups inflammatory changes mn the Iung,: parenchyma
beyond the obstruction dominate the clincal picture early in the course

of the disease . .

Hilar Type: About 60 per cent of the cases of bronchial c.nrcmomfz oceur
m this group The main mvolvement m this form 15 within the nghth o:
left major bronch1 There is often a contiguous involvement of the traches

30
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and neighboring branch bronchi Oceasionally, there 1s also a contiguous
involvement of a small part of the major bronchus of the opposite lung
The earliest changes arc those of a thek: , rough and larity
of the mucous membrane with a loss of normal architecture. At this stage
of devel a defimite diag can be made only by mmeroscopic study.
As the process continues more of the surface is involved. There 1s also an
extension of the tumor through the wall wath a complete disruption of the
normal architecture of the bronchus Having reached the outer wall of the
bronchus, the tumor extends mto the adjorming mediastinal structures
First, the superior and mferior tracheobronchial lymph nodes are encircled
by the tumor and gradually replaced by 1t The malignant growth has a
gray or yellow-nhite appearance which 1s of firm consistency contaming
yellow arcas of necrosis The tumor then extends to the neighboring strue-
tures to mnvolve the medial pleura of the affected side The recurrent laryn-
geal and phrenic nerves lymg on the lateral aspect of the trachea may also
become einbedded m the tumor mass. In 1ts anterior extension the car-
cinoma eneircles the walls of the pulmonary artery and vein, the superior

Fig 1—Carcimom of the bronchus—hilar type Carenoma which las arteen 1 the left
matm bronehus has rewlted m a wide mednstinal mass Note the greatly shrunken fibrotie
left lung )
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vena cava and the arch of the aorta, the parietal pericardium and, less
frequently, the myocardium

Obstruction of the superior vena cava occurs much more frequently
when the tumor arises 1n the right mam bronchus. Luminal obliteration in
most 1nstances 1 due to a compression of the tumor mass which surrounds
and nvades the vessel wall. Less frequently, there is oblteration by the
extension of the tumor mto the lumen of the vessel or the formation of a
thrombus m the narrowed lumen.

The tumor grows outward an a radiating, fan-shaped manner, 1s usually
of firm conststency and has a yellow color A coronal section of the medi-
astinum shows remnants of the Iymph nodes and the blood vessels eom-
pressed within the tumor mass. In 1ts posterior progression, which 1s a less
frequent occurrence, the carcinoma may extend into the wall of the esopha-
gus. In rare mstances the tumor perforates mnto the lumen of the esophagus.

The lumen of the bronchus becomes progressively narrower, rarely be-
cause of a fungating mass growing mto the lumen, but far more frequently
because of the extensive thickenmg of the bronchial wall in the region of
the tumor As the tumor mass grows larger 1t undergoes necrosts Toward
the lumen the necrotic material 1s hiquefied so that parts of the tumor are
expectorated and the lumen regams some of its patency.

The retention of bacteria distal to the narrowed portion of the bronchus
results i suppurative bronchitis, bronchopneumenia, lung abscess, bronchi-
ectasis and pulmonary fibrosis. As the process continues the affected lung
parenchyma becomes contracted and 1s firm and gray or brown with an
extensive thickening of the overlymg pleura. Occasionally, the lung abscess
may rupture nto the pleural space and result in a bronchopleural fistula
and an empyema. Secondary nfections of the lung and therr sequelae
dominate the process and so obscure the primary lesion that the diagnosis
of lung abscess or empyema 1s made before the discovery of the malignant
tumor It 1s these complications and sequelae which are responsible for
many deaths.

Pulmonary Type. About 25 per cent of the cases of bronchial earcinoma
fall mto this group. The gross findings in different cases of this group vary
but slightly, and such differences as occur depend on the order of the
bronchus in which the carcinoma arises

The carly anatonuc changes are smilar to those in the hilar type In
its growth outward, the tumor encloses the regional peribronchial lymph
nodes and extends mto the surrounding lung parenchyma. This forms a
large yellow area and 1n cases arfsing in the first order bronchi the mass
extends to the pleura, usually i the medial aspect of the lobe, and from
there to the mediastinal structures. The mediastinal invasion is never a3
extensive as in the hular type. However, some authors have included these
cases n therr hilar group
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Fig 2—Carcinom1 of the bronchus, pulmonary type Cnrtmnm: which s arcen 1n the
feft upper lobe bronchus a2 extended through the wall into the surrounding lung paren-
chyma and the left supenor tracheobronelnal angle Note the greatly contracted lung be-
yond the myolvert bronetus

As the tumor grows, areas of necrosis and occasionally hiquefaction de-
velop within it. In those eases where liquefaction occurs, evacuation of the
liquefied matenal results in a cavity The eavity in very oceasional instances
1s Imed by regular, necrotic tumor fragments and when this oceurs the
tumor 18 most frequently a squamous cell carcinoma Much more fre-
quently, however, the eavity 1s Iined by a dirty gray membrane indicating
a secondary anfection Oceasionally, a branch of the pulmonary artery may
be 1mvaded by the tumor Lrosion of the wall of the artery as it lies in the
lumen of the cavity will result i a fatal hemorrhage. Fatal hemorrhage
oceurs in from 1 to 3 per cent of earcmomas of the bronchus

Concomitant with the obstructive changes in the lumen of the bronchus
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Fig 3—Careinoma of an upper lobe bronchus showing narrowing of ats lumen with peri-
bronchal extension More recent mvoliement of the mam bronchus shows rougheming,
thiek and y of the mucous b with a loss of the normal architceture.

are the inflammatory changes which develop 1 portions of the Iung pa-
renchyma peripheral to the occlusion. These changes are usually lnmted
to the segment supplied by the involved bronchus. With the extension of
the tumor mto adjomng proximal branches other segments will show these
ionally, the tumor of a first order bronchus may
extend fo the bronchus of an adjomning Jobe, and with obstruction this lobe
will also develop the extensive secondary mfection.,

The abscess cavities are easily distinguishable from the tumor cavitics.
The former are Ined by a dirty gray meinbrane and show no tumor tissue
within their walls.

Peripheral Type This is present 1 about 15 per cent of the cases of
broncehial earcinoma. This type of tumor offers the greatest diagnostic dif-
ficulties. Although this tumor appears in most classifications, its criteria

are not sharply defined.
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Fig 4—Lun" abscess of the night upper lobe di-tal w a carcinoma of the bronchus

The tumor 1s present 1 the peripheral pottions of the tung and 1s of
varmble size, generally from 20 to 100 em. It 15 usually a circumseribed
growth m which the origin almost always has not been traced to a grossly
viable bronchus Oceastonally, the tumor hes completely within the lung
parenchyma and 15 an 1 1 finding at autopsy In others, 1t may ex-
tend to i olve the overlymg pleura and sometimes it may extend mto the
adjoiming chest wall, We have observed a peripheral earcinoma located
the superor and medial aspects of the lobe which extended mto the medi-
astium to mnvolie the pericardium and the myocardium of the heart.

Changes in the Pleura Lxtensive pleural involvement may occur m all
three forms of bronetial carcmoma. Most often, however, the carcinoma-
tous myolvement of the pleura 1s limited to the area where the underlying
tumor reaches the surface Occastonally, it may spread over the pleural
surface covering the entire lung encasing 1t with carcinomatous tisue
(carcinoma en curasse) This 1s sometimes mistaken for a mesothelioma,

In many mstances the changes 1 the pleura are noneancerous 1n char-
acter Most often they are a reaction to the inflaminatory processes in the
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Fig 5—~Bronchal earetnoma, peripheral type The tumor 1s confired to the lung paren-
chyma

underlymg lung parenchyma. In the early stages, the pleural cavity con-
tains a serous or fibrinous exudate Later, as a result of the organization of
this exudate, the pleurae become thickened and the pleural space 1s obhit-
erated When pulmonary abscesses which developed beyond the obstructed
bronchi perforate mto the pleural space, suppurative pleuntis develops
with a resultant thickening of visceral and partetal leaves.

Histopathology

We have found that all the cases of bronchal earcinoma can be elassified
into one of three types: squamous cell, undifferentiated (oat cell) car-
cinoma and adenocarcinoma The first two types form the great majority
of cases Squamous cell carcinoma is the most frequent type observed.

We have not been able to venify a view expressed by several authors
that the squamous cell careinoma more commonly arises in the hilar region
and 1s more common after the age of 50 years and that before the age of 50
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Fig 6—Lvtensive pleural involiemrnt (carcinoma en cwirasse) secondary to bronelual
careinoma

the unduffs 1ated cell type pred Morphology has nothing to do
with the bronchiat level of origm and that none of the three types 1< found
exclusively 1 one location

There 13 perhaps no tumor which 1s so pleomorphic as carcimoma of the
lung It vanes from the most undifferentiated to the most fully differen-
tiated forms

Squamaus Cell Carcnoma We have ncluded m this group all the tu-
mors which have a sheetlike arrangement The best differentiated tumors
resemble those of the skin and show evidence of keratinization with ep-
thehal pearls The tumor cells are arranged 1in compact masees, sheets or
cords and may contam fine or coarse strands of heratin The cells are
tightly packed and their eytoplasm is abundant Such well differentiated
carcinomas are i the mmornity The majority of squamous eell carcinomas,
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Fig 7—Recurrence of tumor following nght pneumonectomy

while they maintam these general characterstics, show hitle or no keratini-
zation Some carcinomas which are well differentiated mn some areas, show
m others anaplastic zones. Some of these anaplastic areas may show
small multinucleated tumor giant cells Squamous cell carcmomas some-
times show areas of glandular formation
In contrast to the views of some we have applied the term poorly dif-
ferentiated squamous cell carcinoma when there is no evidence of epi-
dermidization, namely the production of keratin, cornified epithelrum or
prickle cells Tumors lacking these features, but showing a sheethke ar-
. . Trooa s wooo- L
astic group re-
‘inoma is com-

p-osed of small cells having no organoid pattern. The eells grow in loose
or compact alveolar nests which are separated by dense bands of con-



PATHOLOGY OF CARCINOMA OF THE LUNG 39

XA

y
‘»

of the bronchu-

nective tissue Delieate conneetive tissue extends among and between the
mdndual groups of cells The cell« contain a deeply staned nucleus with
a reticular pattern and a scanty basophilic eytoplasm. Nucleoh are small,
but multiple and prominent The eclls often have a spmdle-shaped appear-
ance which may show nuclear palisading often 1 perivascular po<ition
Small gant eells with overlapping of the nuclet may also be seen Mitotie
figures are frequent with areas of neerosis pronunent n the tumor.

Adcnocaremoma Pure glandular caretnomas are very nfrequent The
tumor 1s charactenized by cells wlieh form glands or produce secretion
There are defimte acmous and papillary structures In the poorly dif-
ferentiated types the tumor may hayve a pleomorphic nature m whick well
formed acini cannot be demenstrated m every microscopie scetion Intra-
cellular or extraceltular mucus may be obeerved m some cases, Frequently,
squamous clements can be found n the tumor Lymphatie and venous in-
vason s often obeerved and accounts for the frequent and widespread
metastases occurning in this type of tumor Adenocarcinomas may some-
times <hiow areas of squamous metaplasia :
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Fig T—Recurrence of tumor following nght pneumoneetomy

while they maintain these general characteristics, show httle or no keratini-
zation. Some carcmomas which are well differentiated in some areas, show
in others anaplastic zones Some of these anaplastic areas imay show
small multinucleated tumor gant cells Squamous cell earcinomas some-
times show areas of glandular formation.

In contrast to the views of some we have appled the term poorly dif-
ferentiated squamous cell carcinoma when there is no evidence of epi-
dernudization, namely the production of keratin, cornified epithelum or
prickle cells. Tumors lacking these features, but showing a sheetlike ar-
rangement, have been termed by others large cell carcinoma.

Undifferentiated Carcinoma (Oat Cell) : This 1s an anaplastic group re-
ferred to as the “round or small cell carcinoma.” The carcinoma is com-
posed of small cells having no organoid pattern. The cells grow in loose
or compact alveolar nests which are scparated by dense bands of con-
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32 Tt
Fig S—Tumor extension mto the lumen of the superior vena cava following a carcimoma

of the bronchu~

nective tissue Delicate connectne tissue extends among and between the
mdividual groups of cells The cells contan a deeply stamed nuclens with
a reticular pattern and a seanty basophilie eytoplasm Nucleol: are small,
but multiple and promment The cells often have a spindle-shaped appear-
ance which may show nuclear palisading often 1n perrvascular position
Small gant eells with overlapping of the nucles may also be scen Mitotie
figures are frequent with areas of neerosis promment in the tumor.

Adenocarcinoma  Pure glandular earemomas are very mfrequent The
tumor 1s characterized by cells which form glands or produce secretion
There are definite acinous and papillary struetures In the poorly dif-
ferentiated types the tumor may have a pleomorphic nature in which well
formed acin cannot be demonstrated 1n every microscopic section Intra-
cellular or extracellular mucus may be observed n some cases Frequently,
squamous elements can be found i the tumor Lymphatic and venous in-
vasion 15 often observed and accounts for the frequent and widespread
metastases occurring 1n this type of tumor Adenocaremnomas may some-
times shon areas of squamous metaplasia
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Fig 9—Well differentiated squamous cell careinom of the bronchus

Metastases

Widespread metastases as a result of Iymphatic and blood stream -
vasion are frequently encountered in bronchial carcinoma Oceasionally,
small fumors may result m widespread blood stream metastases Some-
times, tumors attan very large size without producing remote metastases,

Regional lymph node metastasis 15 present in over 90 per cent of the
cases of carcinoma of the lung When metastases do not occur, they are
more frequent in cases of peripheral carcinoma of the lung.

Bronchial careinoma although 1t metastasizes to many organs, shows a
predisposition to seed 1n the brain, adrenals, bones, kidneys and liver, These
organs are mvolved 1 about one-third of the cases.

It has been said that the more anaplastic tumors show a great tendency
to widespread metastases while the squamous cell carcinoma tends to re-
man lmted to the regional lymph nodes. Our own findings would indicate
that some of the most anaplastic tumors may remain confined to the re-
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Fig 10—Poorly differeutiated (large c('ll) circinoma of !hc hroncl;\h

gional lymph nodes, while some of the most differentiated may become
widely disseminated. We have found that 1 57 per cent of the undffer-
entiated cell carcinomas and 1 only 17 per cent of the squamous cell ear-
cinomas, there were extrathoracic metastases

The presence of distant metastases 1 75 per cent of the cases of adeno-
caremoma would tend to venfy the view that this 1s the most rapudly
growmng and widely metastasizing of lung tumors

ALvEorAr CeLL CarcmNoma (PULMONARY ADENOMATOSIS-
BRONCHIOLAR CARCINOMA)

This tumor, which was first described in 1876, has received much promy-
nence m the past decade Although a few authors attempt to divide this
entity mto bemgn (pul y ) and )3 (alveolar
cell earcinoma) forms, there 1s now general agreement that the process is
one entity. The reason for this 1s that transitional forms have been shown
to exist, and there are no rehable histologic criteria that serve to distinguish
tumors that arc localized to the lung from those that have metastasized.
These tumors usually produce death by their local effeets on the pulmonary
parenchyma rather than by metastases
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There are two views as to the histogenesis of this process. One is that the
tumor anses from the alveolar cells and the other is that the bronehiolar
cells are the source of origin, Speaking for bronchiolar origin is the re-
placement of portions of the bronchiolar limmg by the tumor cells, The neo-
plastic tissue then grows out on the supporting interalveolar septa.

In recent years there has been some skepticism expressed as to whether
this entity 1s not a prunary pulmonary tumor but a metastatic lesion. Our
own experience 1s that complete autopsies have shown that this is a dis-
tinet entity and must be aceepted as such

Pathology

There are two forms distinguishable, the multiple nodular type and a
diffuse form In both forms the lungs are firm and voluminous and do not
collapse The lungs are often increased 1n weight up to 2,800 Gn. In the
nodular form there are many diserete and confluent yellow-gray, pink or
white tumor foci which vary in size from 1.0 mm to 10 em. or more which
are widely scattered throughout both lungs The foet are globular and of
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firm consistency Some foct have a yellow, necrotie appearance; others may
show a mucious secretion Tumor extension through the lymphatics 1s
seen oceasionally as a network of fine strands spreadmg among the nodules.
The pleural surface may also be studded with tumor nodules

The much less frequent diffuse form 1s characterized by an involvement
of alobe or an entire lung on one or both sides The tumor grow th resembles
the gray hepatization of lobar pneumonia except that the involved lung
tissue 15 denser than i lobar pneumonia. The cut surface 1s firm, yellow-
white or gray-pink and from it may exude gelatinous or mucod material,
Necrosis 15 generally not observed on gross examination

Macroscopic Both gross types show a similar picture in which the tumor
stroma 15 made up of the shghtly thickened alveolar walls Large cubordal
or columnar neoplastic cells m one or more layers line the pulmonary
alveoli forming a slightly serrated border Frequently, the cells are thrown
mto papillary projections, There 15 little evidence of pleomorphism The
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Fiz 13—Evtensive bone metastases i a case of bronchial caretnoma.

Fig 14—Bramn metastasis m a case of bronchial careinoma.
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nuclei are oval or round, some with promment nucleol: The cells may be
brzarre, with basophulic eytoplasm and irregular or multiple nuelei. Oc-
casionally, mitotie figures are present, especially where the bizarre forms
eust The alveolar spaces contamn desquamated tumor cells, alveolar phago-
eytes and some neutrophiles. Small nests of tumor cells may be found in
Iymphatic channels, alyeolar septa and also m the pleura When mucus 1s
produced 1 the cells, the nucler are basally placed Pools of muemn may be
present within the alveolar spaces which, when stamed with mucicarmine,
have a red appearance

Metastases occur 1n about one-half of the cases In approximately one-
half of those with metastases there ts mvolvement of the regional lymph
nodes only Distant metastases occurred 1n only one-quarter of the cases

-:- . . %%}g’;%&? -
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Fig 15—Aveolar cell carcinoma of the lung
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with mvolvement of the liver, distant lymph nodes, kidneys, brain, ad.
renals and pericardium

All extrapulmonary metastases duplieate the alveolar papillary character
of the tumor in the lung.

Mmvute or Microscoric Carcvoaa

These cases are only infrequently observed. The diagnosis in most m-
stances 1s first made on routine microscopic examination. Early invasion
of the Jymphatie and venous chanrels 1s a striking characteristic finding in
these cases. Diligent search 1s required to find the primary mvolvement in
the bronchus; the reason for this is the presence of metastases in the pleura
and tracheobronchial lymph nodes. Occastonally, brain metastasis may be
the only evidence of tumor. The morphologic evidence of a tumor re-
semblmg bronchial origin may lead to a successful discovery of the origmal
tumor 1n the bronchus

Giant CELL CARCINOMA

The pattern of distribution of the tumor 1s essentially that shown of
bronchial carcinomas m general, The tumors generally show a peripheral
distribution with varymng degrees of involvement by estension to the
pleural cavity, thoracic wall, diaphragm and pericardium. The majority of
the tumors are of a large size which do not penctrate into the surroundimg
bronchi There are patchy areas of necrosis and hemorrhage The tumors
have a fleshy smoothness and homogeneity in texture and color of the cut

—~.
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surface. The metastatic lesions show gross characteristies that are gen-
erally similar to those of the lung masses

Microscopieally, the charactersstic feature is the striking prevalence of
multinucleated giant cells of wide morphiologic vartety i the primary and
metastatic lesions There 15 a marked degree of phagocytosis by the tumor
cells. Interspersed among them are mononuelear cells that show a pleo-
morphism 1m size and shape similar to that of the gaant cells In most areas
the tumor cells tend to form cords, sheets or sheethike clusters outlined by
delicate vasculanzed strands of connective tissue. In arcas where the eells
show a spindle or strap shape 1t may ereate the effect of a mesodermal
rather than an epithelial growth A careful and thorough analysis of the
morphologic entera 18 necessary to differentiate this carcinoma from
thabdomyosarcoma or some other sarcoma
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CHAPTER 5

Diagnosis of Bronchogenic Carcinoma—
Medical

By\IS]};J)YMOUR M FARBER, M D, axp WILLTAM MANDEL,
MD.

AANY PATIENTS WITH BRONCHOGENIC CARCINOMA are theoretieally amenable
to surgreal procedures, the only presently known treatment that may pro-
duce a cure, 1f undertaken shortly after the onset of symptoms or signs The
difference between the possible rate of cure and 1ts actual achievement
s n part the result of fmlure m early diagnosis, though to a greater ex-
tent it 1s the result of the long asymptomatic phase of the disease. There
was, perhaps, little pomt i makmg an early diagnosis before the time
surgteal procedures were practical, but even during recent years the lapse
of time between the onsct of symptoms and the patient’s entry into the
hospital has remamed the same, averaging 6 to 8 months (Nicholson et
al)
Two mtervals are mvolved m delaying the diagnosis (Kutner et al ):
The first 1s the pertod between the onset of symptoms and the visit to the
phystaian; the second 1s the time before the diagnosis 15 made by the
physictan Reduction of the first mterval depends on educating the pubhe.
Campaigus by cancer control groups have tried to accomphsh this, but in
general they have not been too cffecttve Reduction of the second mterval
depends on educating physicians to an awareness of the early and atypical
manifestations of the disease The problem of reducing the time required
to make a diagnosis 1s complex For every patient whose initial complamnts
of cough, sputum, wheeze, malmse, dyspnea or vague E!ICS', pains are m
reahty the early symptoms of bronchogeme carcmoma,” there are many
others with sumilar complamts which can be traced to minor respiratory
nfections or to no detectable disease Furthermore, the latter pattents are
drawn 1n large part from the same age group n which bronchogentc ear-
cinomas are apt to occur The physician 1s reluctant to ad"}se roentgeno-
graphic and other diagnostic studies in such cases, and yet, it 1s only l?y a
high mdex of suspicion and an evermnterpretation of 5_)':ﬂpt0ms and signs
that the salvage rate will be increased Every adult patient with minor

chest complaints not mmmediately traceable to a known cause should be
notentially considered 2s having bronchogente carcinoma
T + -1'-iyeen the on-

sease is often
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moperable during the stage of early clinical mamfestations, the emphasis
on early diagnosis may be wrong The emphasis perhaps should be placed
on detecting the discase 1 ats preclnncal period, a more appropriate time
for surtable treatment, although the cure rate may be low even at thus
time (McClure) Currently, the diagnosss 1s bemg made m only a small
percentage of mstances before the onset of symptoms or signs With the
avatlable knowledge, the preclinical diagnosis can best be accomphshed by
repeated mass surveys, either roentgenographie (Boucot) or eytologic, of
the most susceptible population groups, 1e, people, especrally men, be-
tween 43 and 60, nho have been heavy cigarette smokers for many years
The effort 15 directed to seeking the patient rather than having the patient
seek the physiaan The problem of the symptotnatic patient w1l still re-
mau, 1t 1s here that the physician’s anareness of the disease, even though
he knows that an early diagnosis does not necessanly mean an early car-
cinoma, must determine the measures taken toward further evaluation of
Iis patrent’s complamts,

HisTory axp PHysicat Exammvation

The difficulties 1n diagnosing bronchogenie careimoma arise from the faet
that the disease 1s not mamfested by a typieal or characteristic symptom
complex or by distmctive physical signs No symptoms or signs may be
present or there may be an infinite number and vartety which tend to
change during the course of the disease The meidence of major imtal
symptoms from 4 reported series 1s presented 1 table 1, while the symp-
toms ansing during the course of the discase 1n 4 other series are presented
in table 2

The history and phystcal examination may suggest not only bronehogenie

. but other pul, -y diseases, such as bronelntis, mfluenza, viral

Tantt 1—Imtial Symptoms of Bronchogensc Carcinoma

Anel etal
Symproms WA g, ¢ -‘;;cg"? o it
ough 31 213 87 411
N Cheq Pan 21 249 29 229
. Dyspnea 1n 76 128 14
Hemopty wis 67 56 77 59
Asthema 95 6 30 41
‘Respirators Infections — 9 26 49
+Wheezing 17 14 - —
Weight Lass 31 26 12 37
Dysphoma 10 13 18 14
Disphaga 06 10 L4 —
« Fever and Night Sweats 17 07 04 -
All Other 97 201 192 Iy )
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TasLe 2—Symptoms During Course of Bronchogense Carcinoma

Rehon - Doon sod Spencs iy

Ochsaer et al

Symgtoms ol S Wmm GRS Wl
Cough 7 e s e 8¢
Chest Pam 50 M6 285 3 5
Dyspnea 2 |1 B0 2 2
Hemoptysis 63 264 89 35 51
Asthema - - — 36 42
Weight Loss 3 B1 309 0 &
Respiratory Infection 18 — — - "
Chills and Fever 13 -— — — 17
Wheezing - — - - 14
Dysphonia - 30 08 — 4
Dysphaga — 28 6.5 5 2
Metastatic Symptoms — B2 455 34 .

and bacterial pneumonias, tuberculos:s, bronchiectasis, lung abscess, pul-
monary faretion and metastatic lang tumors The mahgnancy may coexist
with other chest diseases Hauser and Glazer reported 10 cases of coexistent
pulmonary tuberculosts and bronchogenic carcinoma and reviewed other
reported stmilar cases. In addrtion, the carcinomatous metastases may sim-
ulate discase m other portions of the body, so that the patient may be seen
by a variety of speciahsts before the di is made. These may mclude
the eardiologrst, gastroenterologist, neurologist, orthopedist as well as the
general physician and surgeon. A purely clinical diagnosis may be mpossi-
ble, yet 1t 1s mainly by the history and physical examination that the physi-
cian first suspects the presence of a bronchogenie carcinoma A strong sus-
picion 15 justified if there are unesplained pulmonary symptoms, such as
cough, hemoptys:s, dyspnea, wheezing, chest pain and repeated respiratory
infections, 1n a patient, particularly a man over the age of 40. Furthermore,
if the pulmonary symptoms are ted with extrapul y findings,
carcinoma of the lung must be considered

Most patients complain imtially of symptoms referable to the chest, but
many first see the physictan because of extrathoracic complamts, the pul-
monary symptoms bemg found ncidentally. In some reports, 2s high as 25
per cent of paticnts have mtial symptoms mdreative of inoperability (Paul-
son and Shaw). The important thing is to focus attention on those symp-
toms which do not preclude operability, namely, the respiratory symptoms.

Caugh and Sputum

A cough, or a change in cou
per cent of patients at some time
the mitial symptom in 20 to 40 per

gh habat, 1s found 1 approximately 50 to Sp
during the course of the dsease, and it is
cent of cases The cancers arising from
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the smaller distal bronchs, nhich comprise the so-called silent peripheral
tumors, may nut produce cough for long pertods The more centrally lo-
cated tumers that produce any sigufieant degree of intrabronelnal obstrue-
tron will mvarr+ply eause a cough This 1s frequently the earliest symptom
to appear and _.c one which usually persists throughout the disease The
onset of the co. gh, which at first may occur only with exertion, 1s often 1g-
nored and may be recalled only with difficulty.

The tumor arts as a foreign body or obstruction withm the bronehus, and
the eough, which anses by stunulation of the respiratory tract mucosa, rep-
resents the effort to expel 1t At first the cough 1s dry and spasmodie and
produces little or no sputum When the cough fails to remove the foreign
body, thin watery mucus 1s secreted as if an attempt were betng made to
wash the tumor out At this stage the cough produces a small amount of
sputum and 1s often considered a “cigarette ecough,” but 1t 1s charactersts-
cally more paroxysmal i nature

The intrabronchial tumor may obstruet dramage of bronchral secretions,
and the sputum beeomes gray and mucoid Shortly after secretions begin
to colleet, however, some degree of parenchymal mfection develops, or the
tumor itself undergoes necro<is and becomes mfected When the obstruetion
15 incomplete, the mfection 1s apt to present as mild, repeated pulmonary
mfections which the patient and physieian may asenbe to the “flu,” or to
“virus pneumoma ” With infection, the sputum tends to become mucopuru-
lent Unless the infection 1s treated with antimcrobal drugs, etther self-
admunistered or given by a physician, the sputum will become purulent and
copious in amount Nothmg therefore 1s characteristic of the sputum, for
1t may vary from a clear expectoration to a foul purulent discharge, or 1t
may be scanty or copious m amount If the tumor progresses to complete
bronchial obstruction. the cough and sputum may disappear temporanly,
but there are periods when the obstruction 1s relteved and sputum 1s again
raised 1n coplous amounts The so-called alveolar cell carcanoma, a bronche-

gene caremnoia ansing from the ternmnal bronchioles, 1s often characterized
by the expectoration of large quantities of frothy and mucord sputum

Many patients w1ll first come to the physician because of an acute respira-
tory mfection which has failed to elear or because of repeated episodes of
pneumonitis The history may reveal that the patrent has a persistent
cough or a change m cough habit that does not respond to the usual rem-
erhes A cough of this type must be suspected by physician as possibly aris-
g from an obstructed bronchus

Chest Pain

Chest pam, the sccond most r ptom of bronek
gente carcinoma, oceurs mn approximately 30 to GO per cent of patients at
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some stage m the course of the disease. As an initial symptom, it has been
reported to oceur 1n from 20 to 30 per cent of cascs. Such pain does not nee-
cssantly mdieate an inoperable tumor. In the earlier stages, the chest pam
is often not too severe; most patients deseribe 1t as an annoying or dragging
sensation The pain 1s usually felt as a persistent ache unrelated to cough
or resprratory movement and 1s commonly experienced on the side on which
the tumor 15 located, although it may be referred to the neck, back or ab-
domen This type of pamn 1s caused erther by local comnpression of o larger
bronchus with ulceration and spasm of the nwucosa or by invasion of the
pulmonary blood vessels, the partetal pleura, the mediastinal structures,
the trachea or the thoracie wall. Pain may aiso follow involvement of these
structures by infection secondary to the tumor. Occasionally, there are
spontaneous renussions of the pam Ballantyne, Clagett and MecDonald
have reported mstances of chest pain sunulating myocardial infaretion that
they believed could result from peripheral pulinonary infarction or throm-
bosts 1n pulmonary vessels mvaded by tumor.

At some stage of the disease, a typieal sharp and severe pleurttic pain,
accentuated by deep breathing or coughing, may oceur. This pain does not
necessanly indicate pleural metastases as 1t may be the result of secondary
mflammatory pleural changes. The pamn may disappear with the onset of
a pleural effusion and may reappear after thoracentesis.

Severe, constant and progressive chest pan often occurs in advaneed
stages of the disease. The patient may descrbe it as sharp, boring and knife-
like, and the physieran finds 1t difficult to alleviate, This type of pain sug-
gests extrapulmonary mvolvement, exther of the bleura, chest wall or medi-
astinum Mediastinal involvement s also suggested by a sharp, constant,
dull pam referred to the back

Dyspnea

Dyspnea 15 common durmg the course of })rox:cllogcnic cnrcingxma, oceur-
ring 1 about 30 to 40 per cent of cases It is the result of varying degrees
of bronchial obstruction, mnfection and mvasion of parenchyma leading to
nonfuncttomng lung and blood shuntmg around th{s region. {n general, the
sympton 1s neither promment nor severe. There is no consxsteu% correlil]-
tion between the degree of dyspnea and the amqunt of Jung tissue involved,
for the symptom has been observed in assoeiation with smal} and bneom-

plicated growths
Qceasionally, a sever o . -
chogenie earcmoma This may follow the onse 3 o
smngnr lobar pneumonia. When severe dyspnea develops without ev idence
of pneumonia or pleural effusion, it 15 usually the result of oL'.clusmn of a
mayor bronechus, leading to atelectasts The dyspnea has been known to re-

e attack of dyspnea develops in patients with bron-
of atelectasis, pleural effu-
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sult from pressure on the trachea by carcinomatous medmstmal lymph
nodes.

Hemoptysis

Hemoptysis, a mwost fortunate symptom smee 1t 15 not Lkely to be disre-
garded, may occur 1n the form of occasional expectoration of small amounts
of bright red blood, as frank hemorrhage or as blood-streaked sputum. The
last type, which 1s by far the most common, 1s caused by ulceration and
erosion of the bronchial mucosa by the tumor with invelvement of the capil-
lary and venous vessels. The hemoptysis may recur and 1s often aggravated
by coughing An estimated 25 per cent of patients over the age of 40 nho
have hemoptysis have bronchogenie careinoma, bronchiectass 1s the only
commoner eause

Hemoptysis 1s the imtial symptom of bronchogenic caremoma m about
5 per cent of instances It occurs as blood-streaked sputum, scanty m
amount, 1n some 35 to 60 per cent of patients during the course of disease.
The hemoptys:s 1s frequently related to the presence of infection, and as
tumors 1n the distal portions of the respiratory tree become nfected later
than those 1 more proximal regions, the distally located tumors are less
apt to cause hemoptysis Irradiation may cause neerosis of vessel walls and
so predispose to hemoptysis H piysis oceurs more Iy m ecases
of squamous cell carcinoma, probably because of its location 1 the mam,
lobar and segmental bronchi and 1ts sloner rate of gronth, than m other
types of bronchogenic careinoma This tendency 1s partially responsible for
the more favorable prognosis i cases wath this tumor type, since bloody
sputum 1s not ltkely to be neglected, and an earlier diagnosts ean be made
When pure blood 15 expectorated, 1t suggests an undifferentiated carcinoma,
or, even more likely, an adenocarcinoma Massive and fatal bleeding from
the lung rarely 1s caused by bronchogenie carcinoma

General Symptoms

In addition to the local manifestations from the tumor, systemie effects
such as weight loss, cachexia, weakness, anorena, fatigue and noctridosis
may be observed These effects result from absorption of toxic products
from ulcerated or necrotic tumor tissue or from sceondary bacterial infec-
tion of pubmonary tissue with bronchiectasi
lung abscess, pleurisy and empyema These symptomns are suggestive but
not conclusive evidence of an advanced stage of the disease

Fever and Sepsis

The mterest 1n the constitutional symptoms resulting from bronchogenic
carcthoma arises m part from the realization that therr recognition may
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contribute to an early diagnosis. Fever may result from uleeration and ne-
crosis of the tumor 1tself or from the secondary obstructive and pressure ef-
fects of the tumor. The tumor may replace an entire lobe and form a large
abscess after 1t has undergone neerosts. The fever may or may not be acute
m onset and may be present either intermittently or continuously. A high
fever 1s frequently the result of an extensive pneumonis or a lung abscess.
Patients with lung cancer will frequently have some degree of chills and
fever, at least intermuttently. Night sweats oceur, but not as frequently as
mn patients with tuberculosis Complicating evidence of inflammatton may
appear, e g . leukocytosis, increased sedimentation rate, anemia and tachy-
cardia.

Loss of Strength

Weakness, loss of weight, anorexia, cachexia and fatigue are character-
1stic findings m advanced stages of bronchogenic earcinoma. At times, how-
ever, they occur early m the course of the disease and are imtial symptoms
m 2 to 3 per cent of cases In most mstances they result from secondary
suppurative processes, but they may oceur when the infection is mild, when
metastases are absent and when the tumeor 1s small. The loss of weight 1s
frequently accompanied by lassitude out of all proportion to objecti‘{e find-
ings These symptoms, when accompanied by cough ar other respiratory
symptorns Or signs, suggest the presence of a bronchogenie carcioma.

Symptoms from Metastases

The mitial elinieal manafestations of disease may result from metastascs.
In such cases the patients first seck medical attention because of symptnms
that are often atypical and bizarre Taylor and Waterhouse, in a review of
1,502 cases, found that the 1llness began with symptoms due to n‘lemstnses
m 11 4 per cent of mstances. Neurologic sympt were present in 6 1 per
cent, supenior venal obstruction mn 23 per cent, voce ch'nnges m 1.8 per
cent, dysphagia in 0 7 per cent and superficial metastases in 05‘ per cent of
cases. This means that the disease may go through a long subclinical or la-
tent stage, during which 1t 1s progressing despite the absence of manifesta-
tions. The manifestations of metastases, both as early and as late symptoms,
are as varable as the parts of the body mvolved. Pain is the commones;
early symptom Involvement of mediastinal struc%ures and enlargement (3
mediastinal glands may lead to retrosternal pain, dyspnea, ho.arscnesl:l,
aphonia dysphagia or regurgitation. The hoarseness and aphonia rcs‘léd
from volvement of the recurrent laryngeal nerve, the Jeft 'bemg affec o
more commonly than the right because of its anatomie location T}ll\_e BgvS.
recurrent laryngeal nerve may be mvolved :.n the base oflthe nzc' ;“ “:or
phagia 1s produced by infiltration or compression of the esophagus by
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masses Pleural metastases may occur early or late i the disease and pro-
duce pain and dyspnea. Hiccough may result erther from pressure on the
phrenic nerve or from a bramn metastasis A clnieal picture resembling
coronary artery discase may follow invasion of the brachial plexus, with
the patient complamung of pam in the chest and shoulder which radrates
down the upper extremty Metastases in the central and peripheral nervous
systems may produce such diverse manifestations as headaches, dizziness,
aphasia, hemiparesis, bhindness, convulsions and coma At times, patients
have been operated on for bram tumors that were found to be metastatic
lestons Galuzzi and Payne, m a study of 647 necropsies, found that the
brain was volved 1n 26 per cent of cases. Osseous metastases, the verte-
brae heing a2 common site, often cause severe localized or referred pam and
are responstble for pathologic fractures Involvement of the abdomunal or-
gaws and lymph nodes may cause epigastric pam, dysphagra, jaundice and
vormuting, and produce a picture sunilar to that caused by a pancreatic ot
buliary tract malignaney. Jaundice as an smtial symptom has been reported.
Foster reported mugrating phlebothrombosis as an imtial symptom and
reviewed the literature on this subject

Just as debality m & patient does not mdieate an moperable tumor, s
physical vigor does not prove the reverse. Of patients seeking medieal at-
tention for kymptoms ansing from metastases, many appear to be 1n excel-
lent physical condition Such patients, however, usually fail rapudly after
the onset of symptomns

Pinysican BxaMiNaTioN

The patient 15 apt to scek medhieal attention beczuse of one or more com-
plaints which may be mild 1n nature and nonspeeific in type In most -
stances, he will have at least one respiratory corplaint Although 1t 18
mpracticable to hospatalize all such patients for diagnosss, a physieal ex-
amination 13 obligatory In many instances of lung cancer abnormalities
such as a localized wheeze, dimimshed breath sounds or a change 1n trans-
russion of voice sounds will be found The physieal findings are caused by
the tumor or its metastases or by infection secondary to the tumor Cases
have been reported m whieh abnormal physical findings preceded roent-
genographic changes The physieal findmgs will vary with the stze, location,
growth charactenstics and sequelae of the tumor, especially the degree of
bronchial ebstruction and infection These sequelae mnclude emphysema,
ateleetasis, pneumombis and Jung abscess, and the physieal ﬁndu;gs are
characteristic for each.

The absence of physical findings in symptomatic or asymptomatic pa-
tients does not exclude the diagnosis, since the examination may show no
abnormal findimgs at 2 time when there are roentgenographie changes. The
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presence of physical findings may only delay the diagnosis, since broncho-
genie carcinoma can simulate many diseases The chief value of abnormal
physical findings m the chest is that they make it mandatory for the physi-
cian to request further studies, the most important of which is a chest roent-
genogram  The physical examination ean frequently determme whether
the lesion 15 operable and what the prognosis may be.

Whecze

A unilateral and localized wheeze or rhonchus in a patient over the age
of 40 1s almost pathognomonic of bronchal obstruction. It 1s often incon-
stant and may be heard 1n one position but not n another. The wheeze may
or may not be associated with dyspnea, depending on the site of the bron-
chus involved A bilateral wheeze suggests the possibility of tracheal ob-
struction. A wheeze due to a tumor cannot be distinguished from sounds
produced mn normal broneht by loose mucus, although it tends to be local-
1zed, 1s more dry and brassy 1n character and does not disappear with cough.
It 15 sometimes helpful 1f the patient 1s given one-half to one grain of co-
dene an hour before ansing and 1s then examined mmmediately on arsing.
The codeme suppresses the cough reflex, resulting in accumulation of spu-
tum at the point of obstruetion, When the patient is examined, the wheeze
usually 1s promnent and readily locahzed

Wheezing 1s 2 manifestation of the ball valve action of the intrabronchial
tumor It 1s transient in nature, disappearing when obstruction is complete.
For this reason, perhaps, 1t is rarely reported as an imtial symptom of
bronchogenie caremnoma and occurs at some phase of disease m only 10 to
15 per cent of cases Unfortunately, when 1t does occur the wheeze is often
considered insignifieant by the patient or may not even be noticed It may
be regarded by the physteian as a manfestation of bronchial asthma or
congestive heart failure, Patients sometiines report that a period of wheez-
ng preceded episodes of acute “pneumoma.’”

Emphysema

The wheezmg stage 1s frequently follow ed by some degree of emphysema.
The amount of emphysema depends primarily on the location or_’ the tumor
and the degree of bronchial obstruction 1t has produced. Durmng inspiration,
air passes into the distal bronchi, but on expiration it is ofte_n trapped, pro-
ducing regions of focal emphysema. Because bronchogenie carcinoma 18
characteristically located in the primary and secondary .du'xsmr}s of the
bronchial tree, the emphysema may be extensive and associated ‘mth dysp-
nea. Tt may be detected by diminished motion on the affected side, hyper-
resonance on percussion and dmumshed or absent bre:x.th sounds on nus:
cultation. Emphysema 1s suggested by unilaterally diminished respiratory



DIAGNOSIS OF BRONCHOGENIC CARCINOMA-—MEDICAL 59

movements The clinieal signs are ephemeral, disappearing as the bronchial
1 becomes more ¢ lete. The air 15 then absorbed, and the em-
physematous regrons are converted mto atelectatic ones.

Atelectasis

Atelectasis follows complete occlusion of a bronchus by tumor and secre-
tions and 1s usually associated with varymg degrees of dyspnea The secre-
tions and the atelectasis may clear folloning coughing and treatment by
postural dramage and bronchodtlators With progressive disease leading to
massive atelectasts, the trachea and cardiac impulse are deviated to the
mvoled side, the intercostal spaces become narrowed, the diaphragm be-
comes clevated and the affected hemmthorax 1s retracted There 1s impaired
fremutus on palpation, the percussion nete is dull or flat and the breath
sounds are dunimshed or absent over the atelectatic regions

Pleural Effusion

A pleural effuston may result from Jymphatie blockage, a pulmonary m-
fection or a peripheral pulmonary nfarction (Ballantyne et al)), and 1s
not necessanly the result of tumor spread to the pleura Pertpheral tumors
are more likely to involve the pleura earlier than eentral tumors Rapd
formation of fluid may cause sudden occurrence of dyspnea The pleural
flmd resulting from metastatic spread 1s hemorrhagie m abeut 30 to 50 per
cent of mstances, and tends to reform rapidly followng thoracentesis Chy-
lous effustons have been reported on rare oceastons, Pleural effusions oecur
at some time 1 the course of the disease 1 20 to 30 per eent of cases but are
the imtial symptom 1n less than 1 per eent The physseal findings are those
found in any pleural effusion, namely, dullness to percussion, decreased or
absent breath sound and displacement of the heart to the opposite side. The
physical findings of a small effuston may appear before roentgenographic
changes occur. Any pleural effusion 1n the patient over age 40, especially
when hemorrhagie, is likely to be carcmomatous i ongin Other ecauses,
however, such as tuberculosis, pulmonary infaretion and congestive heart
failure must not be excluded.

Hypertroplic Pulmonary Osteoarthropathy

Clubbing of the fingers and toes is not sperific for bronchogenic carei-
noma, but when present, can be helpful in establishing the diagnosis If
the osteoarthropathy 1s accompanied by arthralgia 1t is more Itkely the re-
sult of bronch than suy 1ve pul y lesions or tu-
bereulosis. The incidence as noted 1n different reports has varied from 5 to
10 per cent (Ray and Fisher; Wierman) Clubbing is one of the few extra-
thoracic signs which does not anse from a metastasis, although its speaific
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cause 1s not known The finding may accompany any chronic lung infection,
but usually develops as a late complication. In contrast, n cases of lung
cancer the symptoms may develop within a few weeks, may disappear
rapdly after resection of the tumor and may return with recurrence of the
growth. Flavell has reported reversal of the manifestations following vagot-
omy. No dircet correlation exists between the size of the tumor, the degree
of pulmonary mfection and the osteoarthropathy, although the osteo-
arthropathy tends to occur more commonly with slower growing tumors,
where infection, such as abscess and bronchiectasis, persists. Although elub-
bmg usually appears relatively late 1n the course of the disease, it may be
one of the mtial complamts (Hansen). Bronchogenic carcinoma must be
suspected whenever clubbmg 1s found without an obvious cause. At tunes,
the presence of arthralga with pan and swelling of the hands, wrists, feet
and ankles has led to a diagnosts of rheumatoid arthritis in cases which
months later were diagnosed as bronchogenie carcinoma

Signs from Metastases

A search for metastatic lesions may seem somewhat academic during the
prelunmary physieal exammation Yet, such a search can be valuable in
determimung whether the disease 1s in an operable stage, since extrapulmo-
nary metastases are contrainclications for curative surgical procedures T!xe
tumor may metastasize by direet extension, implantation or via lymphatics
and blood vessels. It may metastasize either early or late, and to all regions
of the body The sites affected in five reported seres are listed in table 3.

Tasre 3~Sifes of Metastases in Necropsy Materiol

Ochsner and  Farber Bryson Engelman Caluzar
DA o M ol pame i
Organ P T T 1 Y )

“55’) (200 S:us) (866 ‘;5”” (234 .(:,uy (41 f«'“” °
Liver 333 375 354 85 33 B
Adrenal 20 3 305 23 8 33 s 283
Bramn 16 6 17 5 17 $1 25.7 208
Bone 23 25 13 17.5 1we 271
Pleutn 20 8 25 - 11 - 313
Other Lung 238 21 — 16 — 289
Heart-Pencardium 123 ns 93 1n1 ~ a1
Kidney 175 185 124 252 154 277
Pancreas 73 65 84 73 116 gf
Spleen 35 5 40 5.6 5.3 74
Thy roud 23 35 22 09 35 §1
Skin 36 55 3.6 34 ~ ot
Nodes-Cervical 174 15 59 18 — o
Bronehial 6 ;1 163 5 e 15; 9 - o
Abdomnal 0 b s & - s

None
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Many of the metastases are not recogmzable climeally. Senoo, in a careful
study of necropsy material, found metastases in 99.1 per cent of 336 cases
The thorax 15 mainly involved by dircct spread, with distant metastases
resulting from lymphatic and blood stream dissemination The tumor or
its metastases may encroach on adjacent regions of the mediastinuin, lead-
1ng to pressure on the superior vena cava, esophagus, phreme and recurrent
laryngeal nerves Compression of the superior vena cava may produce dis-
tention of the superficial veins, as well s edema of the face, neck and chest
Cyanosis may appear m these regions. Roswit and co-workers described
the findings 1n 38 cases of the superior vena caval obstruction syndrome re-
sulting from bronchogenic carcinoma This represented an ncidence of 15
per cent mn therr series and is similar to the inadence of 14 6 per cent of
superior vena eaval obstruction syndromes reported by Szur and Bromley
1n 732 patients. Phrenic nerve involvement may lead to paralysis, progres-
snve clevation and paradoxic motion of the hemidiaphragm. Vocal cord
paralys:s, the result of pressure on the recurrent laryngeal nerve, may be
observed with a laryngeal mirror. Spontaneous pneumothorax has been re-
ported as the imtial feature (Heinheh and Rubin) This may follow n-
vasion and necrosis of the pleura by tumor or 1t may result from rupture
of a subpleural bleb 1 a region of obstructive emphysema 1f tenderness 1s
eheited by deep pressure over a 11b, nib metastases should be suspeeted If
the tumor extends through the chest wall, 1t will be felt as a hard mass,
which may undergo necrosis and uleeration. Enlarged and tender axillary,
supraclavieular and eervieal Iymph nodes may be found. These nodes may
also produce subcutaneous masses that can undergo necrosis and form drain-
g sinuses Cardiac mvolvement may oceur by drreet extension or metas-
tases, with tachyeardia, arrhythmias, perseardial effusion, constrctive peri-
carditis and congestine heart failure as sequelae Right heart failure and
cor pulmonale may result from generalized Iymphangitie spread through
the lung.
Abdominal masses, either superficial or deep, may be the mitial sign of
a metastatic focus Peripancreatic lymphadenopathy 1s indicated by hard
nodular lesons m the epigastric region The common bile duet may be ob-
structed, leading to the typical picture of extrahepatic abstructive jaundice
Metastatic hepatic lesions produce a large nodular organ, but rarely cause
jaundice Splenomegaly may seeur, but 1s usually not the vesult of metas-
tases These mtra-abdominal lesions often lead to reeurrent massive ascites
which may be hemorrhagic 1n nature, Although the kidneys and adrenal
glands are frequently involved, these organs rarely can be palpated The
adrenal glands are mvolved 1n many instances, although Addison’s disease
15 a rare comphlication. A reetal examination may reveal peritoneal in-
plantations whieh have collected 1 the rectovesical pouch
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Metastases to the central and peripheral nervous system giving nise to
symptoms or signs oceur 1n 15 per cent of instanees (Bryson and Spencer).
Neurologie examunation may reveal cranial nerve palsies, miosis, unilateral
weakness or atrophy, peripheral neuropathy, abnormal reflexes and my-
opathy A chnical and pathologie study of the carcinomatous neuropathy
and myopathy was made by Henson and co-workers. A preture typieal of
cerebral vascular ocelusion may follow hemorrhage into or about a cerebral
metastasts Some of the neurologte lesions may have resulted from other
diseases or defects and may have preceded the carcinoma, The past history
and results of previous examinations may substantiate this and turn what
appears to be an moperable tumor mto an operable one

The ribs, vertebra, skull and long bones must be carefully palpated and
percussed for regions of tenderness A metastatic focus to a bone may be
located before there 1s roentgenographic evidence of abnormalitres, This
finding 1s often verified at necropsy when extensive bony metastases are
found although recent roentgenographic studies had shown no abnormal-
ties.

The Apiwcal Tumor

The bronchogene carcinoma of any cellular type located m the apical
portion of the lung often gives a typical picture after 1t has spread locally
For this reason. 1t was thought to be unique and becanme known as the Pan-
coast syndrome, or the “superior pulmonary suleus tumor.” Although bron-
chogenic earcinomas are the commonest cause of this syndrome, other be-
nign and mahgnant primary and secondary tumors in this region, as well
as noncancerous disease, may at times produce a stmilar pieture (Chardack
and MacCallum) The tumor tends to erode the bony cage because of the
narrow region to which 1t 1s confined. It may destroy the upper ribs or -
filtrate and exert pressure on the brachial plexus, the axillary vessels, t}}c
cervical sympathetic gangha and the upper dorsal vertebra Thus results in
pan about the affected shoulder girdle which may radiate down the arm to
the fingers Atrophy, as well as weakness of the mnvolved upper extremity,
may follow Paresthesias are common symptoms Obstruction of the. vessels
may produce unilateral swelling of the shoulder and upper extremity. In-
volvement of the cervical and upper thoracie sympathetic nerves will re-
sult m Horner's syndrome, consisting of mios:s, narrowed palpebral fissure,
enophthalmos, as well as decreased sweating on the affected side AMost of
the mitial symptoms and signs of the apical tumor are mdicattons of extra-
pulmonary extension, so the condition is rarely suspec.ted “}n].e 1t 18 S'MH
operable Clubbing of the extremties has been noted in association wit
apical tumors, and 1n some cases has been reported before chmcal_or roent;.
genographic evidence of disease Herbert and Watson reported 17 cases 0
apical tumors and histed the manifestations in 134 recorded cases
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Course

Bronchogenic caremomas follow no typical course Few patients recall
the mitial phases of the discasc unless the onset, as with hemoptysis, is
sudden or dramatie, Most cases start with a cough or pam m the chest which
does not respond to treatment and frequently does not interfere with daily
Irving The onset may be characterized by repeated respiratory mfections
occurrmg at any time of the year Although most patients have mitial
symptoms referable to the lungs or chest, many will complamn of pam or
discomfort arising from metastases m distant portions of the body. There-
fore, the physician may be faced with a wide vanety of possible diagnoses
m each case.

The dsease is usually far advanced at the time the patient enters the
hospital, for 1t 15 at this time that disability, usually caused by metastases
or complications, has developed The disease has probably existed for a Tong
time, even 1n those instances m which the chinical manifestations have been
present for only a short mterval, The asymptomatie or latent period 1s par-
ticularly common m cases of pertpherally located lesions. The oceurrence of
a long latent period 15 also shown by the finding of well developed broncho-
genie carcinomas at necropsy 1n asymptomatic patients who have died sud-
denly from trauma or disease

Untreated bronchogene carcmoma usually leads to death, withm one
year of diagnosis, although occasional survavals for as long as five or more
years have been reported Bigwall reported a series of 255 untreated cases
m which one-half died within 9 months from the appearance of the first
symptom, 39 per cent survived longer than a year and 14 per cent longer
than two years The latent phase of the disease was demonstrated by Rigler
1 a retrospective study of roentgenograms m proved cases of lung cancer.
About 50 per cent of cases showed x-ray evidence of abnormalities for over
tno years before symptoms arose Approximately 2 to 5 per cent of all pa-
tients with bronchogenic earemnoma can be expected to survive five or more
years after the diagnoss 15 made. Qut of every 100 cases of bronchogenic
carcinoma about 23 to 30 are operable, and of this group, resections are
possible m 10 to 12 Of patients undergoing resection, only 2 to 5 will be
alive five years later, The survival tune 1s apparently not related to the sex
or age of the patient, to the duration or severity of symptoms or the size
of the tumor (Rienhoff et al ; Watson). The survival period 1s often shightly
longer for patients with squamous cell earcinoma, which is relatively well
differentrated, than for patients with an undifferentiated or an adenocarci-
noma The most mmportant factor for survival and a favorable prognesis
1s whether extrapulmonary extension has occurred Collier and co-workers

in reviewmg 100 cases of lung cancer in patients who survived over five
years after surgical resection found that the presence or absence of blood
vessel nvasion, as seen microscopically, was closely related to survival The
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over-all five year postsurgieal survival i cases in which the diagnoss is
made before extrapulmonary spread has occurred has been reported to be
30 to 40 per cent (Gibbon et al ). It 1s this finding which makes early diag-
nosis so important,

Many causes account for the death of patients with bronchogenie carei-
noma, smee death results more often from compheations and sequelae
rather than from the carcinoma itself Most patients die of pulmonary
faalure and fibrosis secondary to the episodes of pneummonia, atelectasis, lung
abscess and bronchiectas:s that has often been associated with pleural effu-
sion, pulmenary edema and congestive heart failure. On occaston, a massive
pulmonary hemorrhage, cardiac mvolvement with arrhythmias, pericardal
effusion or metastasis to a vital structure may kill the patient. Relatively
uncommon causes of death are hepatic failure, cerebral vascular thrombo-
sl1s, coronary artery occlusion and hemoptysis

Sunmary

The relatively simple and preliminary procedures of the hstory and
physieal examination are the erux of early case-finding procedures in symp-
tomatic patients Even though a diagnosis is generally imposstble on the
basts of such findings, the evidence, when carefully analyzed, may suggest
a pulmonary lesion requimng further diagnostic studies On the basis of his
mitial findings, the physictan must make the first important decision; he
must decide whether additional studtes are required The tragic error hes m
not suspecting the disease at a time when surgical procedures may offer the
only hope of cure
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CHAPTER 6

Diagnosis of Bronchogenic Carcinoma—
Cytologic

By SEYMOUR M. FARBER, M.D., axp WILLIAM MANDEL, M D.

MoST PRIMARY CARCINOMAS OF THE LUNG are bronchogenic i ongin and
tend to exfohate cells into the bronchial lumen. The normal current of
secretions 1n the bronchi then carmes tumor cells into the sputum where
they may be detected by cytologic exammation The eytologic method has
advantages over other means for abtaming morphelogic evidence of lung
cancer because of its stmplieity and because of the ease of obtainng re-
peated specimens for exammation

DeveropmenT of Punmorary Cyrotoay

In 1917, Stockard and Papanteolaou reported a method for the rapid
fixation and staming of vaginal smears Usig this method, Papanicolaou
described cells which he could identify as malignant and reported such
findings 1n 1933 Thus stunulated further work on the cytologic technic
as a diagnostic procedure, ultimately leading to 1ts chinieal application for
detecting cancer of the lung

A study of sputum from 250 patients with various types of pulmonary
disease was reported by WandaH m 1944 He found neoplastie cells in the
sputum mn 84 of 100 proved cases of cancer of the lung In 1946, Papanico-
laou demonstrated malignant cells i the sputum n 18 of 21 cases with
proved cancer of the lung In the same year, Herbut and Clerf reported
the diagnosis of 47 of 57 cases of lung caneer by the cytologic examnation
of seeretions obtamed by bronchoscopy In 1947. Woolner and MeDonald
analyzed 200 cases mn which a diagnosis of carcinoma was made by cyto-
logte exammation of sputum and bronchial secretions

QOur interest and mittal experience m pulmonary cytology began 1n 1946,
Since that tume, more than 63,000 specimens of sputum, bronchual aspira-
tions and pleural fluid have been examined eytologieally m our labora-
tory The results have strengthened our confidence m the accuracy of the
method for detecting mahgnancy Furthermore, the correlation of the re-
sults of eytalogic exammnation of the sputum with other findmgs, by pro-
suding greater understanding of the natural history and course of lung
cancer, may open up new avenues of therapeutic approach

o7
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METHODOLOGY

The successful application of exfohative cytology for detecting lung
cancer depends on competence in processing and examining the sputum.
Considerable care must be taken mn collecting the specimens and in pre-
paring and staining the sputum for microscopic exammation. The micro-
scopic examination tself must be thorough, and the examiner must have
adequate traming and experzence in pulmonary cytology.

Specvmen Collecton

Complete and detailed mstructions to each pattent on the proper col-
Ieetion of sputum samples 1s essential. Without the understanding and co-
operation of the patient, nasal secretions or postnasal drainage which often
cannot be distinguished from sputum by gross inspection, may be sub-
mutted for exammation. In addition to verbal mstructions, the distribution
of printed instructions aids 1 obtaming proper specimens. The form we
use reads as follons

InsTRUCTIONS FOR Spurum CoOLLECTION

1 Before breakfast on the morning the specimen 19 to be collected, clear your throat
and diseard this matenal It 1s important to rinse your mouth with water 1if you have
placed anything m your mouth—such as food, ik, coffee, mouthwash, toothpaste, ete
Do not contanunate the specimen with tobaceo, exgarette ash, Kleenes, efe

2 Breathe deeply 8 to 10 times, then cough deeply Collect the matemal obtained
this way for half an hour A small amount of matertal will be sufficient of 1t kas been rased
from deep n your chest Do not submit a specimen unless you beheve 1t has come from
deep m your chest

A covered glass or cardboard contamer 1s provided for collecting the

specmmen

Smear Preparation

Although smears should be prepared as soon as possible after collecting
the sputum, a delay of four or five hours docs not distort cellular detatl,
provided sufficient saliva or mucus 1s present to prevent drying. As an aid
m selecting suitable material for smearng, the specimen is poured into
a watch glass and exammed over a dark background Three smears are
prepared from differing types of material selected from each of 5 daily
specimens, bloody flecks and checsy particles, when present, should always
be chosen The specimen may also contain small bits of tissue whieh can be
smeared,

A small amount of the selected material 15 then placed on a clean glass
slide with a pair of wooden applicator sticks and smeared to umform thick-

ness. Each smear 15 immediately placed 1n ether alcohol fisative where it
s T, T - PR 1 ottt worarresil
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Fig 1—Photomicrographs of cells from sputum smears (4) Normal bronchial colum-
nar epithehal cells {B) Malignant squamous cell, “tadpole” torm (C) Maliznant aemus
from adenocaremomt (D) Smalt, undifferentiated or “ont” eelis

Stawnng

The Papanicolaou method of staining 1s employ ed 1n most laboratories.
The procedure has undergone few modifications since 1ts orgmal deserip-
tion, although many workers have made mumnor alterations to conform to
their own preferenees

Microscopic Examanation
1t 15 important to thoroughly cxamme every area of an adequate num-
ber of shides Screenng under low power magmification (X 120) 15 ade-

quate, higher magmifieation (X 430), hownever, should be used to examme
any suspretous cellkk A “hit and miss” examination or an “over-all” im-
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pression does not suffice. The systematic sereening of the slide by a compe-
tent trained cytotechnician is essential. Smears contaming atypical cells
are referred to a pathologist, specially trained in enfoliative eytology,
for final diagnoss.

NorMaL aND NownaLiGNaNT CELLS
Normal cells, defined as those seen 1 noneancerous conditions, may be
classified as follows:
a Squamous epithelial cells—from oral mucosa, pharynx and laryny (from saliva).
Basal or pavement cells, precornified or intetmediate cells and cormfied or superficial cells
b Columnar epithehal cells—from trachea and bronchral tree Tall eihated and ehated

cuboidal cells (fig 1A).
¢ R loendothelial cell: ry phagocytes Monorytes, histiocytes, maero-

phages and foreizn body giant cells

d Blood and nuscellaneous elements Leukocytes, Iymphocytes, eosinophils, plasma
cells, red blood cells, bactera, fungy, yeasts, Curschmann’s spirals, crystals and diatomes

GENERaL CRITERIA FOR MALIGNANCY

The following can be used as a guide to the general morphology of ex-
foliated malignant cells

a Aggregate of cells Vanation mn size, shape and density of nuclei within the group,
“crowding,” molding, discrepancy of maturation of cells witlun a joned group

b Indmdual Cells I Cell—Large to giant i size, disproportion m ratio of nucleus
to cytoplasm, btzarre shapes and unequal maturation of cytoplasm. 2 Nucleus—Enlarged,
arregular, jagged contour, often with sharp protusions, aberrations of chromatin pattern.
3 Nucleolus—Enlarged, multiple, vaned 1n s1ze and shape, irregular in contour

IpexTiFicatioN ofF Types or Toyor CrLr

The mum of exfohative cytologic studtes 1s the aceurate detection of malig-
nant disease. Identification of the specific type of lung cancer by cytologie
means 15, however, not always possible. Nevertheless, differentiated types
of tumor cells may often be identified by their distinctive cellular features
(Spyut et al.; Umiker). Most authors distinguish at least three main types
of pul ¥ car q cinoma and anaplastic or
undifferentiated carcinoma Cytologically, the cells from each of these
forms may have similar nuclear features; the differentiation is made on
the basis of differences in cytoplasmic structures and the in!emf.-l)u]a‘r re-
1ationshups of groups of malignant cells (figs. 1B-D). Just as the individual
lung cancers may show histologic changes fr?nl one area to the next, so pleo-
morphism Iay occur among exfohated malignant cells.

DiacN0sIS IN NONMALIGNANT  HEST CONDITIONS
The cytologic esamination of the s mainly restricted to pa-
“s S . P T R
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nary dizease. Reports of collection of sputum after nebuhzation of various
solutions are encouraging (Allan et al ; Bickerman et al }; however, they
have not proved practical for patients who are unable to raise sputum

In nonmalgnant lung disease the sputum may contam cells which show
features resembling malignant cells Despite this, when the cytologie ex-
ammation 1s done by experienced personnel, the false dizgnosis of malig-
naney 1s rare (Farber; Umiker) Some conditions which yield bizarre cells
are squamous metaplasia of bronchial epithelum, pulmonary mfarction,
bronehiectasis, bronchial asthma and lung abscess (Farber, Rosenthal et
al, Umiker) The microscopic exammation of steined sputum may dis-
close findings which may be helpful mn diagnosmg nonmalignant chest
conditions (Farber; Wood, et al ).

DiscussioN

The results of the eytologic examination of specinens m our laboratory
demonstrates the usefulness of the method

Group T Group IT Combined
Number of Specimens 6,251 5,501 11,782
Number of Patients 2,066 1,832 3,808
Proved Lung Cancers 241 206 7
Over-all Accuracy of Cytologic Method 55, 607 555
Accuracy with Bronehial Aspirates Alone B, 307, 3%,
Accuracy when 5 Specimens Submitted 90, 875 805,

The meidence of earcmoma of the lung was approximately 11 per cent
The eytologic techne was sufficrently sensitive to deteet only shghtly more
than one-half of the malignancies, this relatively low number may be at-
tributed to the fact that an average of only 3 specimens were received for
exammation When 5 separate sputum specimens were exanuned, a cyto-
logic report of malignancy was made m 89 per cent of instances Approxi-
mately 40 per cent of cases of lung cancer can be detected by cytologic
exanunation of a sigle sputum specumen, this 1s increased to about G0 per
cent when 3 daily specimens are examined and to 90 per cent when 5 speci-
mens are examined If malignant cells do not appear in the first five speci-
ments subnutted, they are unhkely to appear at a later date

There has been some controversy concerning the value of bronchoscopi-
eally obtamned secretion versus the use of sputum for eytologic exammation
(Rome and Olsen) Some have belittled the value of sputum specimens,
asserting that the mahgnant cells are obscured and diluted by respiratory
tract sceretions  Bronchial secretions, they contend, may be taken directly
from suspicious areas and thus are more sumited for cytologte examination
Dilution by bronchial tree secretions has hittle, 1if any, effect on the use of
sputum for cytologic examination (Farber and Pharr) Both bronchial
secretions and sputwin may contam bizarre cells Sputum 1s more eastly
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obtaned than bronchial aspirates and its use for cytologic examination per-
mits repeated studies on each patient, as well as the study of more patients.
We have often found that the sputum raised immediately after a broncho-
Scopie exammation conlains more diagnostic material than that obtained
by direct aspiration. The greatest accuracy we have achieved (92 per cent)
resulted from cytologic examimation of both bronchial aspirates and 5
daily sputum specmnens,

Because no single celt charactenstic is by 1itself pathognomic of malig-
nancy, a positive diagnosis depends on an evaluation of several micro-
scopic findings. The diagnosis of malignaney based on eytologic exanunation
15 not less reliable than the diagnosis based on tissue specimens; it 1s only
that the eriteria are somewhat different.

A difficulty of the cytologic method for detecting lung cancer is that 1t
15 not feasible to ehmmate the possibility of the chance shedding of cells.
Every malignant tissue presumably exfoliates cells mto adjacent cavities
and tissues. Since bronchogenic carcinomas originate in the basal layer of
cells 1 the bronchs, some cancer cells will enter the bronchial secretions
Theoretically then, almost all bronchogenic careinomas should be diag-
nosed by the cytologic exammation of sputum or bronchial aspirates,
There are, however, clinical limitations m making the diagnosis by this
method. In the first place, when the tumor occludes the bronchus, the
adyacent mflammation may seal 1t from aceess to the tracheobronehial tree
In addition. although countless numbers of cells are exfoliated, not every
sputum collection will contamn such cells The internuttent findmng of
malignant cells in the sputum of patients with lung cancer 1s not unusual
For this reason, and because of the unavoidable chance selection of ma-
terial for smearing, the optunum use of the cytologic method depends on
examnation of an adequate number of specimens 5

The cytologic diagnosis of lung cancer may be particularly effective
when the malignant lesion is in 1ts early stages of development, for the
younger and smaller tumors may often exfohate more cells into the secre-
tions than older and larger tumors. X

The technic of cytologic examination requires further evaluntlou.and
modification. It 1s without question a major advance in the diagnosis of
lung cancer, but its maximum effectivencss has not yet been achieved,
The first need was to establish 1ts reliability whieh, in general, has been
already accomplished. .

The accuracy of cytologic examination of the sputum is such that W 0?1-
ner and McDonald advised exploratory operations on the b:?st of pos.ltx\'e
cytologic findings. The greatest value of cytology mig{xt ‘be in the pcnqdlc
exammation of males past the age of 40. Although this is tune-consuming
and expensive, the fact tha cytologic diagnosis may give evidence of bron-
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chogenie carcinoma before roentgenologic changes suggest that it may
be an mmportant case-finding method In any event, it can be the most
valuable single diagnostic proecdure for investigating minimal pulmonary
symptoms when physical findings or roentgenographic changes are lacking

SUMMARY

The value of the cytologic method for detecting lung cancer 1s now
established When an adequate nunber of sputum specimens are examined
by well tramed personnel, the accuracy of the method m detecting the
presence of lung cancer approaches 90 per cent The erroneous dingnosis of
malignaney 1s low Widespread use of the cytologic technic m persons
1 the age groups most susceptible to lung cancer and 1n those with minmal
pulmonary symptoms can be expected m mcrease the numbers of diag-
noses which can be made at an earlier date
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CHAPTER 7

Roentgen Diagnosis of Bronchogenic
Carcinoma

By LEO G RIGLER, MD.

THE ROENTGEN FINDINGS IN CARCINOMA OF THE LUNG should be considered
m two categories Roentgen examunation may serve as a means of detect-
mg the condition, frequently m a presymptomatic stage Under these eon-
ditions of detection, certam stgns appear and are of great importance The
roentgen examination may also be a means for the differentral dragnosis
and 1dentification of a lesion which 15 symptomatic and presents x-ray
signs and other evidences of an abnormal process

Derectioy oF CarciNoMa oF THE Lung

It 15 perfeetly clear from studies durmg the course of mass surveys,
hospital admissions and especially thru the retrospective study of patients
known to have carcinoma of the lung, that x-ray findings may well be
present long before the onset of recognizable symptoms In our own series,
we considered that there were clear evidences of an abnormahty m the
lung, m an area m which carcinoma Jater was proved to be present (fig 1),
on an average of 9 months before the onset of symptoms which were di-
rectly related to the careinoma That there are rare cases in which symp-
toms and even bronchoscopie findmgs oceur without the presence of posi-
tive roentgen findings 1s perfectly clear Likewise, cases have been reported
m which definite carcmoma cells have been found in the sputum, and yet
the roentgen examination appeared to be entirely normal In some of these
cases, the statement 15 questtonable, since on close examination, there ae-
tually have been evidences of pulmonary findings In our own experience,
1n some 400 cases, there were only three m which patients had symptoms
without demonstrable roentgen findings Thrs may have been an unusual
series, but I am confident that this 1s an uncommon, 1f not a rare, oc-
currence

In the detection of a leston, 1t 1s apparent at once that some consideration
must be given to the techmc of ton A single p view
of the chest or a mimfilm of similar character, while 1t will serve to detect
the vast majonity of lesions, may well be mnsuffictent to encompass all the

7
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———
Fig 1—Deselopment of a nodule m the lung over a 6 year period One year after the
Iast roentgenogram, symptoms developed and a revealed
Whle the time elapsed 1n this ease 15 unnsnal, 1¢ 1s not uncommon to find roentgen signs of
a_lesmn of tlus hand, several years before there are any symptoms (From Ricrer, L G-
Neray diagnosis of cancer of the lung Postgrad Med 18 361-373 [Nov] 1955

smaller changes which bronchogenic carcmoma produces. A distinct in-
crease i the number of cases which are readily detectable oceurs when two
films are made These may be stereoscopie posteroanterior views or one
anteropostertor and one posteroanterior view. An additional lateral view
will also add to the probability of detection but only a few more cases
would be found m this way. The addition of oblique views, of films made m
the position of lordosis, m mspiration and expiration, and of a film made
with Ingh kilovoltage or marked overeaposure with a grid, would add
another small increment to the number of cases which could thus be de-
tected.

For the mtensive study of any patient who has symptoms, I would
suggest the following procedure Stereoscopic posteroanterior and one lat-
eral film should first be made 1n order to detect an abnormal shadow. If
there 15 no abnormal finding, films should be made in espiration as well
as i insprration, in order to determme the possibility of obstructive
emphysema In the presence of symptoms or other evidences suggestive
of carcimoma, where there are no abnormal shadows seen in the conven-
tional film, body section roentgenograms of both lungs should be made In
such films, small nodules m the lungs or masses m the mediastinum, not
visible with the usual procedures, will occasionally be revealed In addition,
various oblique views may be helpful.

If a leston 1s found, regardless of whether the lesion is peripheral or
central, body section roentgenograms are also of the first importance In
the former case, the delincation of the exact nature of the shadow in the
lung 1s far better accomplished by this means. The presence or absence
of caletum, of additional lesions and the character of the surrounding lung
L 1 18 4he aknarmaliice annears to be central, the
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planigrams may serve to demonstrate the lumen of the bronchi and
thus the nature of the process. Finally, m those cases i which there 15
strong evidence of a lesion, bronchography with contrast medrum may be
a final determining factor and scrve to localize the process as well,

The roentgen findings of bronchogenic carcinoma are exceedingly vari-
able, for this lesion 1s the great simulator of all other types of disease of
the lungs A pathologic state which may produce a growing mass 1 the
lung, necrosis and abscess formation, secondary mflammatory reaction,
pentlymphatic and perivascular infiltration, partial or complete bronelialt
obstructions, segmental or otherwise, with all the pulmonary sequelae
which follow such obstruction, obviously may give a great variety of
roentgen findings

In the early stages of the disease, particularly mn the presymptomatic
period, the roentgen findings may be some what as follows

1 A sohtary mass m the lung field usually a spherotdal nodule The shadow seen repre-
sents the growing tumor It may be small enough and so peripheral that 1t produces no
<ymptoms, but roentgenograplie findings may be highly suggestive of careimoma (fg 1)

2 Canitation, resembling a solitary abscess (fig 2) Often there are distinetive signs
of tumor which will be consulered later

3 An area of consohdation (fig 3) It may resolie in part but usually leaves a remdue
Almost always such lesions are accompamed by symptoms

4 An infiltrating shadow, extending up along the vessels in hnear fashion resembhing
tubereulous (fig 4)

e

Fig 2—Solitary abscess in the lung resulting from squamous cell carmnoma () Ir-
regular infiltsation of the lung as seen n the conventional roentzenograra, (B) Plamgram
Teveals 4 cavity with a very thick wall The excrescences around it represent, extenvions of
the tumor The appearance 1s ty pical of careinomatous abscess (From Ricrer, L G, axp
Hermzyx, E R ¢ Plangraphy i the differential diagnosis of the pulmonary noilule wath
particulr reference to the noteh sign of malignaney Radiology 65 692-702 (Nov | 1955}
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Fig 3—Fostero-antenor roentgenogram and plamgrams m a patient with symptoms of
preumoma The dense shadow 1n the right upper lobe resembling lobar pneumonta actually
15 the result of atelectasis from a earcmoma of the night upper Jobe bronchus. The bulgng
1nferior margn 15 suggestive of the tumorous nature of the process There 15, no doubt, a
large element of pneumonitis as well In the lateral plamgram, the obstruction of the
antenor branch of the nght upper lobe bronchus 13 exhubited {arrow). In the posters-
antertor plamgram, the abrupt endmg of the arr eolumn in the svme bronchus 15 shown
The presence of such obstrictions 1n assomation with & preumonic lesion is charactenstic
of carcinoma (From Ricrer, L G The roentgen siens of carcinoma of the lung Am
J Roentgenol 74 415-428 [Sept ) 1955)

Fig +—Infiltrating caremoma of the left upper lobe The duff shadow cxtending from
" B T Fens man b ae tuberentosis

o brsnch of

» dingnosts ‘c}f
carelnoled \uum FIVIRE lung Am J.
Roentgenol 4 415428 [erl] 1955
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Fig 5—Pulmonary sulcus tumor, nght .xpc\' The first film cho“s only an wfiltration
mto the apex, 2 small, sohd mass mn the medi1l portion of 1t, and defimte nvelvement of
the pleura The sceond film matle 4 months later shows a marked erosion of the third and
fourth nbs, 1n addition to a derable merease i the of the lung The find-
ings are fairly chiracterstic of apieal caretnoma, often called the Pancoast Tumor (From
Ricren, L. G A roentgen study of the evolution of caretnoma of the lung J Thoracic
Surg 3§ 2%3-207 [Sept ] 1957}

5 Inrare cases a small apieal shadow of solid eharaeter, appeaning to anse from the
supenor surface of the lung Crosion of the surrounding bony eage wall appear later (fig 5)

6 An enlrged hifum

‘This 15 probably one of the commone-t and most overlooked of all the early signs It 15
usually umlateral Increased denwity of the hlum together with some obliteration of the
normal gerated space between the hium and the mediastinum 15 an important sign
Mensuration of the hila may be heipful mm establishing & distinet difference m <1ze between
the two eides, thus suggesting an abnormal mass Absence of measurable differences
s1ze certainly does not exclude a tumor

7 Segmental or lobar emphy sema
8 Begmental or lobar atelectass

It s uncommon to find evidences of bronchial obstruction without
symptoms, but occasionally segmental areas of emphysema or atelectasis
may be scen without any appreciable 1llness In rare cases, emphysema
may be found 1n the presymptomatie stage.

DiFFerReNTIAL DiAcxosts

As stated above, the problem of differential diagnosis of careinoma of
the lung from many other pulmonary lesions 15 an extremely diffienlt
one With the increasing use of roentgen exammation in apparently normal
mdviduals, the problem 1s even more pressing, since the finding of an ab-
nonnal shadow 1 the roent; am puts & grave r ibility on the
physician 1n charge Likewise, the appearance of symptoms such as cough,
pam m the chest, and hemoptysis, all of which may be produced by a
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great variety of nontumorous lesions, makes differential diagnosis ex-
ceedmgly important,

There are many methods whereby a definitive diagnosis of carcinoma
of the lung may be established. The most cogent of these, of course, is
mueroscopic exammation of tissue removed either through the broneho-
scope, by percutaneous biopsy, or as a result of thoracotomy. The demon-
stration of carcinomatous eells in the sputum or in bronchial aspirates is
another effective method for the positive 1dentification of lung eancer. Yet
there are still a substantial number of patients either with an abnormal
shadow in the roentgenogram or with symptoms, with whom none of
these methods 1s effective. The procedures may cither be unavailable, not
feasible 1 the particular case, ineffective or give equivocal results. Despite
the easy assurance of thoracic surgeons and the relatively innocuous char-
acter of exploratory thoracotomy, there are many cogent reasons why
certamn patients cannot be submitted to this procedure. Bronchoscopy, too,
has many limitations This is, of course, partieularly true of the peripheral
spheroidal nodules which are now so commonly being found, for they are
rarely reached by the bronchoscope The numerous lumitations of ex-
ammation of the sputum are well known and necd not be reiterated here
For these many reasons, the use of roentgen findings for the definitive
diagnosis may be of great importance 1n specific cases

Tt 1s usually held that, while roentgen examination may be of great value
as a means of detecton, its utility as 2 method of identification s sharply
limited. That there are distinet Iimitations in the roentgen determination
of the exact nature of any disease process, no one can gainsay. But there
are distinctive roentgen signs which seem so characteristic of malignant
tumors that they carry with them very great weight, almost to the degree
of the positive finding of carcinoma eells whether in the biopsy specimen
or 1n the sputum. It should be empk d that all di includ
those derived from autopsy findings are only probabilities Certainly, some
errors oceur in mterpretation of the bronchoscopic biopsy, m the broneho-
scopie observation of tumors, and even in biopsies obtamed from e\plorntqry
thoracotomres. Obviously, the errors which are inherent m differential
chagnosis by means of roentgen exammation are much grca.ter. than those
by microscopic exammation. In many cases, however, this is the .cnly
method avalable and must be utiized The large number of solitary
spheroidal shadowns found 1 the Jung on routine examination, the s_mnn.er
number of mnor pulmonary infiltrations which we are encol.mteru\g in
apparently normal ndividuals, and the numerous patxengs with chromg
pulmonary disorders whose findings simulate !hosz': of carcinoma, deman
the utmost consideration of the roentgen findings in differential dragnosis.
Under such circumstances, the most intensive roentgenologic studies should
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Fig 6—Carcinoma of left lower lobe Lronehus An enlarged left hilum, wath obstructive
emphysera of the left lower lobe, 15 found on the first examination The second roentgeno-
gram 2 years later shons a more marked enlirgament of the left hilum The emphy sema.
of the left lower lobe his now been comvcrted into a begmming atelectasis because of the
imereasing obstruction of the bronchus (From Ricter, L G X-rav dignoss of cancer
of the fung Postgrad Med 15 361-373 {Nov ] 1935)

be undertaken, unless the diagnosis becomes established by other methods
earlier

Of the first importance 1s the comparison of films marde at various times
1n the history of the patient A very high percentage of our adult popula-
tion at the present tune will give a hustory of having had a roentgeno-
graphic examination of the chest, often fortuitously, at some previous
date Whether done by the photofluorographte method or by the use of
full s1zed films, such records should he preserved for many years This 1s
especaally true for the so-called “negative” roentgenograms, for often such
films actually exhibit the evidences of a very early lesion, not sufficiently
apparent to be detectable at the time, but easily seen 1n retrospect when a
larger lesion 1s found later

None of the roentgen signs to be described below are absolutely diag-
nostie, but the positive findings have such a degree of relability that they
are sufficient to present a firm indieation for exploratory thoracotomy at
the very least It should be re-emphasized that all the clinical and labora-
tory findings must be considered 1n the differential diagnosis

Derrxitine RoexTeEN S16ys oF CarcivoMa oF THE Luxe

The appearance of a solitary pulmonary shadow not present i previous
films, especrally m an mdividual past nuddle age, 15 of very great sigmfi-
cance It 1s obvious at ance that here there must have been a previous ex-
ammation at a period of tume usually longer than three months before the
one under consideration Frequently, such a situation 1s encountered 1n 1n-
dividuals who were relatnely free of symptoms at the tume of the first ex-
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Fig 7—Carcinomatous nodule, left upper lobe (A) The nodular lesion 15 suggestive,
but not necessarily diagnostic of carcinoma A film made a year earlter {B) <hows no ev-
dence whatever of this lesion at that site The combination of the two flms makes the
diagnosis of earemoma highly probable (From Ricrer, L G : The Detection of Cancer
of the Lung Proceedings of the Third National Cancer Conference (June 4-6) Phila
delphia J B Lippmeott, 1957, pp 515-520)

ammation The complete absence of any evidence of a lesion m an area
which 1n later films shows mfiltration or a nodule is a specific indication for
resection of the area with more radieal procedure if the diagnosis of carei-
noma 15 confirmed microscopreally at the time of operation (fig 7).

The demonstration, m an individual over 40, of a nodular pulmonary
shadow which was not present 1n films made six months, a year or several
years before, 1s not by any means complete assurance that the lesion 1s 2
tumor or that it 1s mahgnant. We have learned 1n recent years that granu-
lomas will Itkew:se appear suddenly in middle-aged individuals. But I be-
lieve this 1s, by far, the exception and not the rule. A lesion of this kind ap-
pearing suddenly 1s much more hkely to be a carcinoma than it is to be a
bemgn process or a granuloma.

The demonstration of a peripheral pulmonary mass or nodule in the lung
which shows an nerease m size when compared to a previous film 1s like-
wise of very great importance. This 1s perhaps an even more cogent indiea-
tion of the presence of a malignancy than the sudden appearance of &
shadow 1n an area 1n which none was previously seen. But, again, there are
exceptions since granulomas and hamartomas niay oceasionally increase in
s1ze under observation. It should be noted, 1n this connection, that a failure
to merease m size does not at all exclude earcinoma Some malignant tumors
grow very slowly. I have observed eases of carcinoma which took as long as
seven years to attam a considerable size Furthermore, T have observed at
least one case in which oy er a period of four years there was no change what-
ever m swze, although 1t proved to be an adenocarcinoma of the lung. De-
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spite these rather starthng eaceptions, a lesion which has nereased in size
over a periad of one year, especially if the mcrease 1s reasonably rapid, 1s
most probably a carcinoma and should so be regarded until proved other-
wise

In any solitary peripheral pulmonary nedule, the possibilities of diagno-
sis are always very difficult Some thirty conditions may produce such a
shadow 1n the roentgenogram Planigraphic studics, however, may be of
very great value i determumng whether or not the lesion 1s malignant or
bemgn. By this means, an accurate determmation as to the sharpness of out-
line, the homogeneity, and the contour of the lesion can be obtamned. None
of these charactensties are highly diagnostic, however, smee granulomas
may be quite sharply rounded wlile tumors may or may not be sharply
defined The homogeneity. hikentse, 1s not distmctive since cavitation or
necrosis may occur both with tumors and with mflammatory processes The
contour may be of some nuportance beesuse most tumaors tend to be reason-
ably regular 1n therr outline and to assume a spherowdal shape, whereas -
flammatory lesions may be much more irregular and much less geometric
m form. The tendency for inflammatory lesions and for infarcts to be seg-
mental helps in differential diagnosis Bemign tumors, however, may also
be spheroidal

Of great importance 15 the demonstration of the presence or absence of
calerum 1n the mass Such a determination 1s best made by plamigraphy; the
procedure 15 highly effective in demonstrating ealeium, While 1t 1s true that
the absence of caletum 1s of little since may 1 and
bemgn lesions do not show calcium, the presence of ealeum s of great sig-
nificance A few cases, both of bronchial adenoma and of eareinoma, have
been reported m which caletun was demonstrated within the lesion itself
In some of these the ealcium may well have been present prior to the de-
velopment of the tumor which happened to occur m the same area In oth-
ers, necrosis of the tumor resulted 1 caleification Nevertheless, these arc
exceptions to the general rule The character of the caleification may be of
considerable importance Ringlike or lammated caleification almost never
oceurs with carcinoma Fmely stippled arcas may be seen 1n carcinoma but
are far more common 1n hamartomas For practical purposes, however, the
presence of ealarfication, baremg compelhing evidence to the contrary, should
mdicate that the lesion 15 not a mahgnant tumor

A solitary abscess, even rather smail in size, may be the first indication
of a caremoma of the lung (fig 3) Such abseesses are usually the result of
necrosis within a rapidly growing tumor The distinetion from an ordtary
pulmonary abseess or from a tubereulous eavity ean very commonly be
made, especially 1f laminagraphy 1s undertaken. Carcinomatous abscesses
wall usually show a protruding outer margin which extends well beyond the
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area of the cavity 1tself. The appearance of this protrusion is characteristic
of 2 growing mass. In my own experience 1t has been present almost invari-
ably in the carcinomatous abscesses, especially 1f one obtains good plani-
graphie studies so that the clear delineation of the outline of the borders of
the cavity could be made In the larger cavities the presence of masses
withm the air pocket 1tself can be made out, indicating tunfor nodules grow-
mg within the cavity, It 1s sometimes difficult to distinguish such shadows
from those produced by granulations but, as a matter of fact, it is uncom-
mon for a nontuberculous abscess or a tuberculous abscess cavity to show
such masses within the awr space The demonstration of a cavity withm a
solitary nodular leston without other pulmonary changes, especially if found
1n an mdividual over 40 years of age, 1s very strong evidence for earcinoma

In the course of our study of a great many nodules in the lung, we hase
come upon a sign which appears to be highly suggestive of malignancy. This
consists of a notchmg or umbilication 1n the margin of the shadow (fig 8).
The deforrmty 15 not well seen 1 the ordmnary roentgenograms, although
occasionally we have seen 1t here as well, but it is quite clearly delineated m
body section roentgenograms when the film 1s made at the proper level The
cause of this notching is not entirely clear although in several sections,
which we have seen histologeally, 1t appears to resemble s hilus m the
mass, contaming blood vessels and normal lung structures extendmg mto
the body of the mass itself, thus producing the mregulanty of the contour.
The notechmg 15 usually single although 1n some cases 1t has been multiple.
1 have observed this In pulmonary metastases, such as from hypernephroma
or melanoma, as well as m prunary malignancies Assuming that a solitary
metastasts 1s an indication for extirpation, the presence of this notch seems
to be a prime indreation for immediate surgery with extirpation of the l'c-
sion In a few cases, the notch has been found in hamartomas and even in
granulomas so 1t 1s not completely diagnostic It 1s important to be certain
by use of multiple sections that the notch 1s really within the mass and not
an overlappmg shadow.

It should be noted that the absence of this notch does not by any means
exclude mahgnaney. While we have found 1t 1n small as well as large 195}0135,
16 appears more obvious 1n the larger lestons We have, however, seen it In
lestons as small as 1 em 1n diameter. I would emphasize that tl.xe presence
of such a notch, as seen m lammagraphic studies, 1s of utn.)ost mmortnncc
in determining that the patient should be explored and mieroscopic study
undertaken. .

Aeclc)i];)cge 1 the size and appearance of one hilum is 2 lesic.n ka;l\use of
very great significance and only possible to obser}'e when previous bl Ig)lsn_rg
available (fig. 9). Increases m the size of the hilum oceur in pm‘ut y .zc
per cent of all the earcinomas of the lung. They are difficult to interpre



ROENTGEN DIAGNOSIS OF BRONCHOGENIC CARCINOMA 85

oy
A

H
v
4 L.

Fig S—Perpheral epid 1 of the lung inereasing 1 size with specific
signs 1 the planigram (A) The firt film, made m 1951, shows no evidence of a lesion
(B) The second film, made 1n 1952, shows a small lesion 1n the night lower lobe {arrow)
representing the first evidences of the careinoma (C) The third examination in 1053
exhibits a great tnerease w mze (arraw} (D) In the pluugram, a casity s seen within
this hard solid mass On 1ts infenior eurface, there 12 a distinet umbilicition or noteh which
15 highly suggestine of the eareinomatous nature of the process (From Ricrer, L G:
X-ray diagnasis of eancer of the lung Postarid Med 18 361-373 [Nov] 1955 )

beeause of the oceurrence of wrregulanties m this region resulting
from inflammatory changes and other disease processes in the lung. Never-
theless an enlargement of one hilum, even by itself, should be constdered
a caremoma until proved otherwise If the hilum scems to have been en-
larging while under observation, the probabihty that 1t 1s a caremoma 1s
extremely high much higher, i fact, than if one sees a peripheral lesion
enlarging

Attempts at measurement of the hila have been made but have not been
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Fig 9—Epidermoid careinom of left upper lobe bronehus exhibiting charactenstie m-
erease 1n size of hilum (&) The first film shows an enlarged left lium {arrow). (B) The
second film made 18 months later shows a moderate change with mereasing 1nfiltration
around the hitum (arrow) (C) The third film, only 7 months later, shows a masave in-
crease in the iz of the hilum shadow which now has a lobulated appearance, characteristic
of tumor mass (From RicLer, L G X-ray dugnoss of cancer of the lung Postgrad
Med 18 361-373 [Nov] 1955 )

satisfactory. This results from the difficulty of finding an end point on the
lateral side and the necessity of fixing arbitrarily on the end pomt of the
thorax on the medial side Nevertheless, in doubtful cases, a disproportion
m the transverse diameter of the two hila of more than 1.7 em., measuring
{from the nudline to the outer border of the large vessels, 1s of great signifi-
cance and should lead to more mtensive investigation.

Another sign of great value 1s the tendency for carcinomatous enlarge-
ment of the hilum to obliterate the clear area between the major branches
of the pulmonary artery and the mediastinum. This usually does not occur
m other types of hilar enlargement.

Tt 1s at once apparent that the demonstration or even the suspieion of
enlargement of the hilum should call for mtenstve roentgen study. Several
positions mcluding oblique and lateral views should be made Such films
will often permit a more definite determination as to whether the slm(!ow
seen 1s truly 1n the hilum and not 1n the parenchyma of the lung superim-
posed upon 1t, and whether an actual enlargement is present. Under such
cir ances also, I o ams made 1n mspiration and cxpirntlof\ may
be of very great value. For a hilar enlargement of carcinomatous onigin 1
usually the result of 2 tumor arising in one of the major broneh: which has
extended mto the peribronchial tissues. Such tumors very often produce
suffictent obstruction of the bronchus to exhibit an obstruettve emphysema
m the area supplied by the involved bronchus It is best bro}lght out m C\':
piration; this 1s an extremely important maneuver in determiming defimtely

whether an actual tumor 1s present. ihe
Further steps shouid mclude planigraphy, i an effort to visuahze th
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major bronchy, since an enlargement of the htlum 15 almost always associ-
ated with a tumor arising m a bronchus of the first, second or third order.
Furthermore, the presence of enlarged lymph nedes can be effectively de-
termined 1n this fashion, If the plamigraphie study 1s not entirely satisfac-
tory, that 1s, 1f the major broneh are not clearly visualized throughout, 1t
may be neccssary to go a step further and do bronchography with an opague
medm The latter should lead finally to a definitive determinatton as to
whether or not any partial or complete obstruction of a bronchus 1s present
and the nature of that obstruction,

An nfiltrative lesion 1n the Jung 1s perhaps the most difficult of all to
differentiate, particularly from the various forms of pneumonitis and from
tuberculosts There are two roentgen signs nhich are of some value 1n this
differentiation, The first 1s, again, the demonstration over a period of tune of
the increasing character of the infiltrative process While 1t 1s true that this
may oceur in tubereulosis and other chrome lesions, usually 1t 1s much
sloner and less obvious, while mn carcinoma the infiltrative process may
gradually, but usually much more rapidly, merease m size and extent of -
volvement Secondly, in such mfiltrative lesions, a nodular beaded charac-
ter ean be demonstrated which 1s highly sigmficant (fig 10). I would say
at once that the defimitive character of such lesions 1s far from that which
T have discussed under the peripheral lesions or the enlarged hilus Never-
theless, an filtrative lesion which exhibits these nodulations along 1its
course should certamly be considered highly suspierous, at least, of malg-
nancy, despite 1ts resemblance to an inflammatory process 1 other respects

The pneumonic lesions are smong those which give us the greatest dffi-
culty m differential diagnosis. There are three roentgenologie findings which
should arouse suspicion {1) The failure of an ordinary pneumoma to re-
solve should be regarded as indicative of exther carcinema or 2 chronic proc-
ess until proved otherwise The diagnosis of unresolved pneumonia un-
doubtedly 15 correct 1n some eases, but 1t 1s a highly risky dagnosts and
should never be made without the most careful and repeated observation
with reentgen examunation (2) Planigraphic studtes of such areas of m-
filtration of the lung, which are thought to be pneumonia, may agamn reveal
a nodular type of mass rather than one with a linear or segmental distribu-
tion This should suggest its earcinomatous origin Furthermore, a typical
bronch may be d ated m this way. (3) Bronchography
should be undertaken 1f the broneh are not clearly delineated m the plans-
gram for very often m carcinomatous lesions, which mutate preuntonia or
have d 18, bronet can be d ated Bron-
chostenosis does not accompany pneumonitis, 1t seldom oecurs with chrone
tubereulosis of the mfiltratmg variety The demonstration, therefore. of a
bronchual occlusion, partreularly if 1t 1 rageed and irregular, should lead to
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Fig 10—Infiltrating earcinoma, right upper lobe Note the beaded, nodular appearance
of the shadows (arrows) which are highly suggestise of the caremomatous nature of the
process {From RicLer, L G The roentgen signs of carcinoma of the lung Am J.
Roentgenol 74 415428 [Sept ] 1955 )

the diagnosis of carcmoma or at least should be suffictently compelling t.o
indreate the need for exploration. A diagnosis of unresolved pneumonia
should not be made without undertaking 1 aphic or h h
demonstration of the bronchi )
The presence of segmental, lobar or unilateral emphysema, especially in
the expiratory phase, 1s indicative of partial bronchostenosis (fig. 12). Thx.s,
of course, 1s far from definitive mnsofar as carcinoma 1s concerned, but if
found m an mdividual past middle age 1t should certainly arouse the
thought that this 1s caremoma. Further mvestigation, therefore, with pla-
nigraphy or bronchography to determine the nature of the bronchostenosts
1s indueated. Very often, as will be observed later, the character of the occlu-
sion thus observed may indicate clearly the fact that this is due to a carer-
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Fig 11—Caremoma, left upper lobe bronehns (A) A normal hijum on first examina-
tion (arron) and (B) the merease m the size of the ulum {arrow) on the second examina-
tion one year later are well shown {(C) Less than a year later still, the mass mereased
sharply 1n size and the obstruction beeame complete The charactenstic atelectass of the
Iingular portion of the left upper lobc 15 shown Note the elevation of the diaphragm, the
displacement of the heart and meilinstinum to the left, and the great denaity within the
sezmental aren of atelectas (From Reeer, L G Xeray dugnosss of cancer of the lung
Postgrad Med 18 361-373 [Nov ] 1955 )

noma of the bronchus The combination of emphysema and of an enlarged
hilus almost 1nvanably connotes carcinoma

Cmphjysema 1s best demonstrated by filins made 10 expiration, especially
1f companson 1s undertaken with films made i the mspiratory phase. If
segmental there will be seen an area of increased radiability together with
a dimmnution 1 the number of blood vessels The latter 1s most 1mportant.
for changes m the chest wall may simulate emphysema If the process is
Iobar or invohes a whole lung, changes in diaphragmatic motion and 1 po-
sition of the mediastmum will also be present The draphragm on the af-
fected side will not rice to a normal degree with expiration and the medi-
astinum will move to the normal side
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Fig 12—-Adenocarcmoma exhubiting mass 1n right main bronchus (A) The extensive
atelectasts and pneumomtis of the nght lower lobe 55 shown (B) On plamigraphy, the
tumor 1s shown as a positive shadow 1 contrast to the arr within the mght mam bronehus
(arrow) It 1s evadent that air can extent nto the upper lobe around the tumor mass itself,
only the lower and middle lobes bemng occluded (From Riarer, L G X-ray diagnosis
of cancer of the lung Postgrad Med 18 361-373 [Nov ] 1955 )

In some cases the emphysema will be visible 1n the inspiratory films but
will be exibited niore definitely i the phase of expiration,

The same indications are present 1n atelectasis as in emphysema (fig 13).
Obviously, atelectasts may be the result of a benign type of bronchostenosis
but, agam, m an dividual past middle age in whom it has suddenly ap~
peared, the suspicion that this 1s due to a carcinomatous obstruction of the
bronchus 1s a first consileration. Here, agam, planigraphy or bronchography
may exiubit effectively the nature of the bronchostenosis and thus estab-
lish the d Atelectasis 1s best d rated in inspiration, It may
be segmental, lobar or involve the whole lung When large areas are affected,
the diaphragm will be clevated and the mediastmum displaced to the ab-
normal side

The demonstration of changes m the bronehial Iumen ean be made effee-
tively 1n most cases by planigraphy (fig 14) Both posteroantertor and lat-
eral planigrams should be made and a good technic is of great importance.
When satisfactory, 1t 1s possible to delmeate the bronchi of the first, seqond
and third orders quite cffectnely The method is not very useful in lesions
of the smaller bronchi. The demonstration by means of body scetion roent-
genography of a tumor as a positive shadow within the bronchus, standing
out 1n contrast with the air about 1t, 1s not rare m carcinoma and may bea
crueial deciding pomnt in deternnning the presence of the tumor. 1t may be
diffieult to distingwish between benign adenoma and a malignant tumor on
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Fig 13—Carcinomn, right Jowert lobe bronchus Plamgraphie study shoss the air-filled
lower lobe bronchus with the ¢haractenstic diffuse narrowing and stenoss which 15 typieal
for carenomia The lower lobe 19 atelectatic (From Ricter, L G The roentgen signs of
carcinoma of the lung Am J Roentgenol 74 415-428 [Sept ] 1955 )

this basis, but at any rate, a sufficient mdication of the neoplastie nature
of the process 1s afforded to make surgery imperative. A cap-shaped mden-
tation of the bronchial lumen erther at its end or on one margin 1s also char-
acteristic Finally, the demonstration of an elongated, somewhat wregular
stenosis of the bronchus 1s mdicative of malignant obstruction. In doing
plamgraphy, 1t 1s of great importance to get multiple sections at various
levels to be certam that the stenosis is not being sunulated by an angulation
of the bronchus With these provisions in mmd, honever, 1t may be possi-
ble to demonstrate relatn ely small lesions m this fashion

In the smaller bronch1 and oceasionally, because of technical difficulties,
m the major bronchi, planmigraphy may be unsuccessful Under these cir-
cumstances the mtroduction of a contrast medium mnto the bronehi through
a catheter localized to the area under suspcion may be a final method of
defimtive diagnosts, assuming that bronchoscopy has been unsuccessful
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' PP,
Ft6 14—Careinoma, peripheral nodules, showing slow growth and bronehial ongin (A)
Size of nodule three y cars after first evidence of abnormahty (B) Increase m size of shadow,
moderate degree, one year later (C) Bronchogram shows the ty pical narrowing and stenoss
of a branch bronchus of the lower lobe extending right up to the nodular lesion itself (ar-
rows) Such a bronchographre demonstration is very helpful in making a definitive diagnosiz
(From RicLEr, L G The Detection of Cancer of the Lung Proceedings of the Third
National Cancer Conference (June 4-6, 1956) Philadelphra, J B Lippincott, 1957, pp 515~
520)

this regard Small branch bronchi may be delineated and the obstruction
within them deterimmed (fig 15). The character of the obstruction, whether
exhibited by means of planigraphy or broneliography, is reasonably char-
aetenistic for carcinoma of the bronchus Such findings are of particular
importance n the cases with apparent inflammatory infiltrates, unresolved
pheumontas, ete., which are so often actually due to carcinoma and m which
so much delay m d occurs. The d ration by bronchography
of a bronchostenosis, especially 1f the stenosis 15 wrregular and clongated,
should lead to the ption that the p ic infiltration is due to car-
cinoma rather than a true t 1a or any real tory process In
occastonal cases the tumor may be seen as a filling defect in the opaque
column within the bronchus.

Alveolar cell or bronchiolar carcinoma produces such distinctive roentgen
signs that 1t inust be considered separately Such tumors often begin with
an irregular soltary peripheral shadow not markedly different from other
spheroidal nodular lesions (fig 16) Frequently, however, several shadows
are present which suggest metastases, but a primary tumor cannot be found
The lesion enlarges slowly but commonly other shadows in the same or the
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Fig 15—Carcinoma of the supenor branch of the nght middle lobe bronchus The dis-
placement of the inferior branch by the mass in the middle lobe and the complete occlu-
son of the supenor branch bronehus Jeading to the mase are well shown The upper arrow
pomts to the hortzontal fisaure, the other arrows to the bronehi and ¢specially to the oc-
cluded braneh (From Ricurr, L G The roentgen sizns of carcnoma of the lung Am
J Roentgenol 7§ 415-428 [Sept] 1035 )

opposite lung appear. These may be small beadlike projections along the
vaseular trunks which rapidly enlarge to form multiple small nodular
masses In some cases, multiple shadows seem to appear spontaneously.
They are usually not sharply defined nor as spherieal as are found 1n other
types of catemoma The multiplieity of the lesians and the tendeney to w-
volie both Jungs 1s a distinguisling feature of the alveolar cell type of ear-
emoma Homwever 1t 15 difficult to distinguash from the more bemgn pulmo-
nary ad both reentgenol lly and pathologieally
Bronchography 1 als colar eell eareimoma frequently gves a striking and
charactenistie appearance The bronehi appear narrow, elongated, and un-
usually straight They resemble picces of string No doubt this appearance
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Fig 16—Alveolar cell (broncluolar) carcmoma of the night upper lobe showing slow

growth and progression from 1951 to 1057 while patient 15 asymptomatic Many alseolar

cell carctnomas seem to arie from one focus i this manner, but eventually maltiple foct

may appear (From RrcLer, L G * The Detection of Cancer of the Lung Procecdings of

the Third National Cancer Conference (June 4-6, 1956) Philadelpha, J B Lippincott,
1057, pp 515-520)

is the result of compression by the surrounding alveolar infiltration. Itis
probable that pulmonary adenomatosis would produce & similar ﬁndmg:

There may be other roentgen evidenees of bronchogenic carcinoma hich
are either rare or appear later m the course of the disease.

1 The ~o-called Pancoast or pulmomry suleus tumor arises 1n the apex of the Jung 253
solrd shadow whielt soon evtends toward the subclavieular area It 1< chiefly distingmshed
by the crosion of one of the upper three nibs and ocensionally of the contiguons segments of
the spine (fig 5)
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Tig 17—Alveolar ecll (bronchiolar) carcinoma of the left Jower Jobe The broncho-
graplue finilings are fairly characterctic and consist of extreme narrowing and ngidity
of the branch broneh thru the area oi the tumor (From ZueutLiy, N, Lusser, E C,
Axp RiGLer, L G m alvealr cell of the lung
Dic Chest 25 5i2-519 [May] 195¢)

2 In other types of careimoma of the lung, eroston of bony strictures 1» uncommon but
oceacionally occurs especially 1 rapdly growing peripheral lesons When mib destruction
15 found, however, such lesions as mesothehoma of the pleury, primiry tumor of the nbs,
metastases and granulomas from fungus infection should first be suspected

3 The tumor occasionally appears as a large sold mas< resembhng 1 sarcoma The
growth may be so rapud that 1t fillz the hemithorax and displices the mediastinum to the
normal sule

4 With bronchial abstruetion, 1 addition to emphysema and atelectasis as deseribed
above, 1 occaston il slow growmg eases, all the signs of Lronchiecta-is may be found Most
commonls, such tumers are found to be ulenomas but 1n some eascs, carcinoma 13 al-o
found

5 Afeleetass m1y be masshe producing a dense shadow 1 one lobe or in the whole
hemsthorax The heirt, medistmum and trachea will be diplaced markedly to the m-
vohad sule, and the dirphragm will be eleyited It 1= notable that moderate treatment
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ather with radiation or by bronchoscopie exeision may produce striking resolution of such
denaties by permitting aeration of the lung

6 Oceastonally carctnoma exhibits 1t<elf 23 a mediastinal mass without apparent lung
my olvement. Such shadows are extremely difficult to distinguish from lymphoblastoms and
other mediastinal tumors Here agmn, plamgraphy or bronchography may eshibit the
bronchial ongin of the mass

7 Enlargement of the peribronehnal and pentracheal Jymph nodes 1< a commeon finding,
usually late 1n the dwcase Most commonly parenchymal changes are present which help
to distinguish 1t from other discases producing [ymph node masses Furthermore, 1n car-
cinoma, the enk 13 usually umlateral, although not bly, as the disease may
penetrate to the oppote side If parenchymal shadows cannot be found, 1t 15 impossible
to distmgwich such cases from Iymphoblastoma or other lymphatic diseases, Exen the
presence of a parenchymal shadown, unless 1t 15 charactenstic, 15 not distnetne,

8 The esophagus should be examined m all cases since displacement of this organ 15
often an early sign of deep involsement of the diasti Its i 15 largely in
relation to plognosts since such cases are usually moperable

9 The pleura 13 usually mvolved late in the discase In rare cases, supetfical tumors
will produce an effusion even while the lesion 15 very small The presence of effusion often
covers up the shadow of the lesion ateelf In such cases, asptration with re-examination
should be déne If the amount of fluid 1< small, some help in demenstrating the lung lesion
1tself may be obtaned by making anteroposterior films with the patient supmne or mn the
lateral decubitus positton Under these circum~tances, the fluid usually will gravitate away
from the base and exhibit a lesion previously hidden.

10 Extreme elevation and paralyss of one diaphragm without eyidences of pulmonary
atelectasts usually signifies that the tumor has mvaded the medistimum sufficiently to
mvolse the phremc nerve

11, Metastases occtir more commonly In remote areas than m the lungs Aaide from
the Iymph node mvolvement, however, nodular metastases to other parts of the sume
lung or to the opposite lung are not rare In a few cases, the metastases are mulary in

type
The diagnosis of bronchogenic carcinoma is difficult at best. The roent-
gen exammation should be thorough, cluding a variety of methods A
careful weighing of the roentgen findings, together with all the other data,
should permit a correct diagnosts m the vast niajority of cases prior to op-
eration Certamly the detection of an abnormahty which can then be proved
to be carcinoma by other methods 1s best accomplished by roentgen study,




CHAPTER 8

Treatment of Bronchogenic Carcinoma
By JULIAN JOHNSON, M.D.

THE SURGICAL TREATMENT OF CANCER OF THE LUNG has been the accepted
form of therapy since Graham performed the first successful pneumonec-
tomy for cancer n 1933, That patient 15 altve now 23 years later, although
Graham, unfortunately, has died of the same disease This pomts very viv-
1dly to the fact that some eancers of the lung grow sufficiently slowly and/or
remain localized so that they may be diagnosed at a stage when pulmonary
resection 18 curative, whereas others metastasize so rapidly that the first
symptoms of the discase are due to metastatic lesions rather than to the
primary one In the 25 years since that first suecessful pneumonectomy,
many patients have been operated on for this disease Unfortunately, long
term survival for these patients has been the exception rather than the rule
and many physicians and have become d d with the over-
all results of the treatment of this discase When one reviens the published
data from large series of cases, 1t becomes apparent that the percentage of the
patients who are admtted to the hospital wath cancer of the lung who are
alive and well five years later 1s in the neighborhood of 5 to 10 per cent (table
1). The surgeon has naturally been mterested in trymg to mprove these re-
sults, and much thought and effort have gone into the methods by which
such an improvement might be brought about. Of course, the figures of 5 to
10 per cent five year survival may be considerably unproved 1f one selects the
patients to be mcluded in such an analysis. Unfortunately, more than one-
third of the patients who arc admtted to the hospital are never subjected
10 operation beeause of the evidence of moperability at the tune of admis-
sion Roughly one-third of those who are operated on are found to be non-
resectable at the time of operation so that, in general, only 35 to 40 per cent
of the patients adnutted to the hospital are subjected to pulmonary resec-
tion As may be seen from the study of the statistical data presented from

the five year suryival may approxumate 70 per cent. Two methods of 'lmpro\‘i

ing the five year survival data i carcinoma of the lung then naturally come

to the surgeon’s mund: first, an earlier diagnosis so that all or most of the pa-

tients may be operated on at the tune when the tumor is apparently still
97
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TABLE 1~F1ve Year Surnval—Carcinoma of Lung

% Resected 9 Tota

‘ o
Semor Author Yoo R Wiy RITE IV
Overhalt 1956 231 15 22 78
Ochsner 1956 192 15 55
Watson 1956
Radical Preumonectomy 74 55 27
Less than Rod Pneumonectomy 2 n 28 g}”
Gibbon 1956 145 23 21 84
Churehll 1958
Prcumonectomy 2 10 24
Lobectomy 03 64 33}28
Burford 1958 356 13 22 g
Johnson 1958 118 77 27 9

- s
confined to the lung and, second, a radical extension of the operative pro-
cedure in the hope of removing the carcinoma which may have extended be-
yond the Jung.

ProsrEn oF EArLy TREATMENT

The problem of making a diagnosis of carciioma of the lung and getting
the patient to operation before the tumor has spread beyond the confines of
the lung 1s hot a simple one Every physician experenced in this disease can
remember patients who have had no symptoms whatever of the primary le-
sion but whose first complaint was precipitated by metastasts of the disease
TIt1s dufficult to believe, therefore, that by any of the methods presently avail-
able 1t wll be possible to pick up cancer of the lung of this type early enough
to be helpful. An 1llustration of this phenomena may be pointed out by the
fact that 1n our own series, 7 per cent of the patients admitted to the hospital
were admutted because of a neurologic deficit, most commonly brain tumor,
which 18 a manifestation of metastasis of the disease rather than from the
primary tumor 1n the lung

Even though 1t must be admitted that there are some eancers of the lung
m which there would appear to be little hope of picking up the lesion early,
especially on the basis of symptomatology, nevertheless there are certam
methods by which 1t would appear that we might improve the present record
of getting the patient to the surgeon at a time when the tumor may still be
successfully resected There are three approaches by which this may be
brought about The first 15 that of routme chest x-rays in the group who are
most susceptible to cancer of the lung This would be 1n men over 40 years
of age There have been many campaigns carried out in this respect and &
good bit of publicity has been carried on by various societies, There tan b.e
no question that many early cancers of the lung have been picked up by this
cmane O the ~ather hand there are alco manv heoble who have come to
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operation and been found to be moperable even though an x-ray of the chest
may have been considered normal six months or a year previous to that time.
‘Whether the total expense of having a chest x-ray taken on every man in the
country over the age of 40 every six months would be adequately eompen-
sated for by the number of asymptomatie tumors picked up on such routine
x-rays cannot be answered at this tune. The mformation which 1s available
at the present time suggests that 2 to 4 such tumors might be found mn ten
thousand cases Nevertheless, Chureinll found the five year survival of the
“survey” cases to be 42 per cent, as opposed to 28 per cent for the over-all
group

The second method by which the patient with cancer of the lung nught be
gotten to the surgeon more quickly 1s that of the education of the general
publie to seek medical advice at the first symptoms of cancer of the lung This
prograin has been carried on by the American Cancer Society and time alone
will tell whether 1t will accomplish 1ts purpose

The third method by which the patient may be brought to the surgeon
more quickly 15 by education of the medeal public 1 order to shorten the
time between when a patient first sees a doctor because of symptoms of can-
cer of the lung and when he comes to surgery In one series studied, 1t was
found that the patient delay, that 1s from the time that he had his first symp-
toms until the time he went to lus first doctor, averaged three months,
whereas the doctor delay, that 1s from the time the patient saw his first doc-
tor until the time he was operated on, was five months With proper eduea-
tion of the general public and the medical public, 1t would seem that at least
a portion of this average eight months’ delay might be avorded

ExTent oF SURGERY

The surgeon, inpatient to try to improve his results in the surgical treat-
ment of cancer of the lung, has beconic more and more radical m an effort
to get around extrapulmonary extensions of the tumor m the hope of curing
Tis patient 1t 15, therefore, not at all uncommon at the present tume for a
surgeon to remove not only the lung containmg the malignaney but also a
portion of the chest wall, the diaphragm, the perteardial sac or even a part
of the heart or great vessels i order to attempt to completely eradicate a
mabgnant process In addition to this effort to get around a malignant le-
ston whieh ean be visualized at the time of operation, 1t has al<o been pro-
posed that by remos g a large portion of the lymph node bearing area from
the medrastinum, one nught matertally raprove the results followmng re-
section for cancer of the lung. This proposal was made because of the fact
that the five year survival has been kuown to be considerably better mn pa-
tients who had no metastatic extenston to the lymph nodes, than 1 those
who hiad lymph node mvolvement. Thus, a prophylactic resection of the

——
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lymphatics has been suggested on the same basis as it has been suggested in
the treatment of cancer of the breast by radical mastectomy, as well as in the
treatment of cancer of the colon by radical right colectomy or left colectomy
Although radical masteetomy for carcinoma of the breast is almost univer-
sally accepted n this country, nevertheless the group 1n Edinburgh feel that
not only has radical mastectomy not been shown to be superior to other
forms of treatment but, 1 fact, that sumple mastectomy followed by x-ray
therapy m their hands produces results superior to those obtained by radical
mastectomy alone. We are somewhat 1n the same position with caremoma
of the lung at the present time There are those who fecl that a radical pneu-
monectomy 1s theoretically superior to the standard type resection and yet,
up until the present time, there are no five year survival data to support this
belief

CRITERIA FOR SURGICAL EXPLORATION

In the surgical management of the patient with carcinoma of the lung, the
question will alw ays arise as to whether the specific patient 1s a candidate for
surgical exploration. As will be shown m our statistical data later i this
chapter, 43 per cent of the patients in our series were found to be inoperable
for one reason or another and were not acceptable as eandrdates for explora-
tory thoracotomy. There may be considerable difference of opmion as to the
factors which cause a surgeon to declare a patient inoperable. These will be
discussed

The most common cause for rejection of a patient for exploratory thora-
cotomy 15 the evidence of distant metastasis, Some surgeons will agree to do
palhative resections even m the presence of known distant metastasis; but
we have not felt this to be justifiable.

Ve have considered a bloody pleural effusion as a contraincheation to op-
eration, or any pleural effusion 1f carcinoma cells can be found in the fluid

e have considered superior vena eaval obstruction by a eancer of the
nght lung as a contraindication to operation

TWe have generally considered left recurrent laryngeal nerve paralysis as
2 contraindieation to operation, particularly if the carcinoma is one of the
left upper lobe bronchus Although we have occasionally operated on yourg
ndividuals with this complication, T am not at all sure that we have ever
had reason to rejoice over having done so,

Although I believe there is at least one five year survival in the literature
followmg a radieal operation for caremoma of the apex of the lung “.lth a
Horner's syndrome, we have generally considered this as evidence of inop-
crabiity Although I think we, as others, have occasionally operated on sueh
patients m the past, I do not believe that we have ever been able to com-

pletely excise the tumor.
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Phrenic nerve paralysis is certainly a bad sign and may add to the accumu-
Jative evidence which might prevent exploration of a chest, but when seen
as the only complication, we have not regarded 1t as positive evidence of -
operability. In a pertpherally located tumor mmpmging on the mediastmum,
the phrenic nerve may be caught 1n the tumor and still the entire tumor may
be resectable. A tumor situated m one of the larger bronchi with phrenic
nerve paralysis 1s much more likely to represent an inoperable malignaney

Evidence of or suspicions of mvasion of the chest wall by a peripherally
located tumor has not been considered evidence of moperability ;n our seres,
smee 1t 1s frequently possible to exeise the tumeor wn toto by taking a portion
of the chest wall with the speeimen. This may also apply to the diaphragm
and certam portions of the mediastinum

A patient may oceasionally be tun\cd down as a canchdate for pulmm\m—y
resection because of ! -y function or a
primanly cardiac When a patient’s pulmonary function 1s very poor, 1t may
be easy to make the decision to turn him dewn for pulmonary resection but,
unfortunately, 1t frequently may be found that his pulmonary function 1s
on the borderline In the presence of malignancy, 1t 1s difficult to turn him
down for resection under those exretnmstances The result has been that many
patients have died during the postoperative period because of inadequate

1 y function The aggressive surgeon may take the point of view
that since the end result 1s known 1f the mabgnaney 1s not removed, he 1s
yustified m taking any nisk mn gomg ahead with a pneumonectomy How-
ever, 1n many mstances the pulmonary functton 1s so poor that the exper-
enced surgeon can say yust as definmitely that the result will be known 1f one
lung 1s remaved, and there 1s certaly no pownt i proviug that to himself
over and over agam by taking a needless mortality 1 a patient who might
Inve for many months if treated by other than surgical means

The question often arises in the surgeou’s mimnd as to hos extensive should

be his search for evidence of distant metastasis before exploring a patient's
chest with carctioma of the lung Certamly we fecl that 1f a patient has
symptotns suggestive of distant metastases, these leads should be run down
by all diagnostic measures However, 1t has been our experience that 1t 1s
not profitable to put every patient through extensive studies looking for
evidence of metastasis, m the absence of symptomatology For example, we
have given up the vostom whach we foltow ed for soree time of having roent-
genologic bone surveys on these patients, for the simple reason that 1t has
been our expertence that the pain appears a good while before the x-ray be-
comes positie 1 the presence of bone metastasts from carcinoma of the
Jung .\ mueh bigger problem has been whether or not to go ahead and oper-
ate on a patient who has some pamn and yet the x-ray cannot demonstrate
the metastasis to be present. Even though one suspects that metastasis is
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present, one hesitates to postpone operatton for fear that the pan may be on
some other basis

It has been suggested that many thoracotomies might be avoided if every
patient with carcinoma of the lung being considered as a candidate for tho-
racotorny were subjected to a bilateral scalene node biopsy. We have felt that
this 15 not worthwhile as a routme procedure Not infrequently, one is in a
posttion of feeling that a patient is moperable or that he will not do well fol-
lowing a pulmonary resection without having positive proof of inoperability.
Such patients we do subject to scalene node biopsy and oceasionally will get
a posttive node which allows us to avoid a thoracotomy. The only patients
on whom we routinely carry out scalene node biopsy are those in whom the
x-ray suggests mediastinal lymph node enlargement When that is present,
1t seems probable that one can pick up a positive node by scalenc node biopsy.
If there 15 no evadence of lymph node enlargement on x-ray examination and
unless we are going out of our way trymg to find an excuse for not operatmng
on a patient whom we consider on elinieal grounds to be a poor risk, we do not
do routme scalene node biopsies m our mstitution.

The patient who has borderline pulmonary function or a borderlme eardzo-
vascular status may be considered much more favorably for pulmonary re-
section 1f hus lesion 1s situated peripherally where 1t may be possible to per-
formn a lobectomy There 1s no question at all i our nunds that the lungs are
much more closely related to the patient's eardiac status than are the van-
ous portions of the gastromtestinal tract, for instance. It may be possible to
resect the stomach or colon or gallbladder 1 a patient who has previously
been 1n eardiac farlure but to attempt to remove a lung in a patient who has
been 1 frank eardiac failure has been, in our experience, a very hazardous
procedure On the other hand, 1f the lesion 1s situated 1n the pertphery where
a lobectomiy alone can be carried out, the possibility of carrying out a suc-
cessful resection 1s certanly greatly increased and is a factor which may be
constdered 1n the evaluation of the patient being accepted for a pulmonary

resection
TyPE OF SURGICAL PROCEDURE

Once the patient has been accepted for exploratory thoracotomy, ?he
question then arses as to how aggressive the surgeon should be in removing
the lung even though the tumor appears to have spread beyond the confines
of the lung If the tumor 15 situated peripherally and 1s found to be stuck
to the parietal pleura, 1t may be possible to resect that portion of the cht‘§2
wall and remove the tumor wn toto. We, therefore, have not considered this
as evidence of moperabihity unless the tumor 1s adjacent to and has mvaded
the vertebrae where the overlying chest wall cannot be resccted. If the tumor
has extended mto the lymph nodes of the mediastinum or has mvaded the



TREATMENT OF BRONCHOGENIC CARCINOMA 103

pericardium or other structures n the mediastinum, we have not regarded
it as inoperable per se As long as 1t appears that we can get around the gross
tumor and remove it entirely without actually having to cut through gross
tumor, we have considered the lesion resectable If, on the other hand, in
order to remove the lung 1t 1s found that 1t will be necessary to cut through
gross tumor, leaving tumor behind 1n the mediastinum, we have considered
such a lesion wrresectable, It 1s, of course, true that one may oceasionally find
himself in the embarrassing position of having commutted himself to a pneu-
monectomy before reahizing that he will have to cut through tumor and leave
some behind This 15 the exception, however, and 1s never done by us de-
Iiberately We have no hesitaney i opening the pericardral sac and dividing
the great vessels mside the pericardial sac when 1t appears to be helpful in
order to get around the gross lesion
There 15 some difference of opinton at the present time as to what type of
pulmonary resection should be carried out on a more or less routine basis
The term “radreal pneumonectomy” was proposed by Allison m 1950 and
1t has been populanized 1n this country by Watson, as well as others It s
favored by those who advocate 1t because 1t has been shown that in many
1nstances cancer of the lung does spread through the lymphatic channels and
1t would seem reasonable to resect as much of the lymphatic-bearing area mn
the mediastinum as feasible, m the same manner as we do a radical mastec-
tomy for carcinoma of the breast The lung 1s not a particularly faverable
organ for an extensive lymphatic dissection inasmuch as there s a good bit of
crossing of the medtastinum by the pulmonary lymphaties This ean be sard
of the breast also since the lymphatics from the breast, particularly the me-
dial border, go through the chest wall into the mediastinum It would eer-
tamly seetn reasonable, therefore, on the basis of our present knowledge
that in order to carry out a truly “cancer-type operation” 1t would be desir-
able to remove as much of the mediastmal tissue as posstble The operation
deseribed by Watson under the term of radical pneumonectomy consists of
starting the dissection at the apex of the mediastinum, dividing the meci-
astinal pleura from the chest wall, turning the mediastinal pleura and 1its
" contents downward and skeletonizing the trachea, esophagus and other 1m-
portant struetures This dissection 1s carried down to the bifurcation of the
trachea The pericardhal sac 15 then divided at its junction with the dia-
phragm and the chest wall and the great vessels to the lung are divided in-
side the perieardial sac Then by dividing the mam bronchus, the contents
of the mediastinum at the carmna can be freed from the contralateral bron-
chus, and the lung meluding the major portion of the medrastmal contents
on that side, may be removed m one mass
Although we occasionally have done radical operations mn order to get
around gross tumor in the mediastinum, we have not used the “radical pneu-
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m(}x}ec(m\\y" for the small lesion The primary reason for our not having
utilized the “radical pheumonectomy” lias been the fear that our operative
mortahty might increase in a manner to offset any gamn that we might obtain
by the more extensive resection. In the majority of our patients, we have
carried out what we term a standard p omy which includes remov-
ing the lung without opeming the pericardial sac and removing the major
Iymph nodes i the mediastmum adjacent to the lung. Most of the medi-
astial pleura, however, is preserved In addition to this conservative “stand-
ard pneumonectomy,” we have done a good many lobectomies for carcinoma
stguated in the periphery of the lung i recent years. Although in the figures
to be reported Iater m this chapter, our lobectomies constituted only 17 of
116 resections up to five years ago, the nuinber of lobectomies in recent years
has mcreased to 23 or 30 per cent. In Churchill’s most recent series lobecto-
mues constituted 42 per cent of the rescctions

The question naturally arises then as to which is preferable, a radical ap-
proach to pulmonary resection as advocated by Watson, Allison and others,
or the conservative approach to pulinonary resection which is bemg prac-
ticed by many surgeons throughout the country. As is so often the case in
questions of this sort, there 1s no defimtive answer to1t at the present time.
Watson has the largest sertes of patients operated on by the “radical pneu-
monectomy” technic more than five years ago (table 2). In a series of 116
resections, 74 were carried out by the radical technic, with a five year survival
rate of 27 per cent, as opposed to 23 per cent five year survival rate for simple
pneumonectomy and 25 per cent five year survival rate for lobectomy. He
was encouraged to think that this small pereentage difference m faver of
“radical pneumonectomy” nught be significant. However, when one con-
siders that the good-risk patients were those who were subjected to “racheal
pneumanectomy” and when one considers the fact that bemng a good-risk
patient would be more likely to put them in the five year survival bracket,
it is hard to believe that these data are statistieally significant.

i order to deternune whether these data of Watson's were superior to
those obtained by a standard resection, we have reviened our data on carci- s
noma of the lung from 1939 to 1953. Three hundred and forty-four patients
were seen m our hospital during that period (table 3). Fifty-six per cent

TabLe 2—Watson—5 Year Surnval Lung Cancer

% 75 Yo
Berection o Moty Gl
Radseal Peumonectomy 7 55 z
Simple Pneumonectomy 2 7.7 ;‘;;
Lobectomy 16 187

116 77 2

Total
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Tantr, 3—Carcinoma of Lung
January 1, 1939-April 1, 1963

. 53r Survwal
Patients d T

Chmeal Dragnosis 334
Explored 1oz 56
Resected 116 34 31 267
Operative Mortality 9 77
Paeumonectom; (Standard) 0 7 28 26 4
Less than Pneumonectomy 17 13 [ 35

were explored and 34 per cent, or 116, were subjected to pulmonary resec-
tion The operative mortality was 7 7 per cent, which happened to have been
exactly the same as that in Watson’s sertes, so that the two groups seemed
favorable from that standpomt to compare as to the value of radical resec-
tion, as opposed to standard resection Thirty-one of our patients survived
five years, gaving a five year survival rate of 26 7 per cent, essentially the
same as i Watson’s series (table 2) Certainly this would tndicate no sig-
nificant difference 1n the two methods of resection from the standpomt of
five year survival It woukl seem probable, however, that if the more ex-
tensive procedure were carried out by the many thoracic surgeons through-
out the country, the operative mortality would merease As a matter of fact,
1 a second three year period, Watson's group had their operative mortality
Jump from 5 5 per cent to 25 per cent for radical preumonectomees If this
can occur under such excellent circumstances as tho<e supervised by Watson,
1t would seem Irkely that the mortality would be mereased if radical pneu-
monectomy were generally aceepted throughout the country At least we
feel content m saymg that to date radical pneumonectomy has not been
proven to be superior to the standard reseetton as far as five year survival 1s
concerned and that the surgeon who 1s accustomed to downg a standard pneu-
monectomy need feel no urgeney 1n changing his technic to that of radeal
Iheumonectomy

According to the concept of Alhson and Watson, a good-risk patient who
has a small lesion m the periphery of lus lung would be subjected to a radical
pneumonectomy 1n the hope of getting around any lymphatie spread which
may have occurred m the mediastinum, Not only do we not do a radical
pnewmonectomy m such a patient but we feel that such a patient should be
subjected to a lobectomy alone as opposed to a pneumonectomy. It 1s true
that 1n our early experience we did a lobectomy only 1n those patients in
whom there was borderline pulmonary function or some associated discase
and we were fearful that a pneumonectomy might be too much for that pa-
tient. When we found, however, that 33 per cent of our patients subjected
to lobectomy survived five years, we were encouraged to expand our Jobee-
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tomues to include all small peripherally located lesions. It is notew orthy also
that Churchill’s group with 42 per cent lobectomies had 33 per cent five year
survival for lobectomues, as opposed to 24 per cent for pneumonectomics,
giving 28 per cent for all resections Admuttedly, it cannot be said that the
standard resection 1s superior to a radical pneumonectomy provided the mor-
tality of the latter procedure is kept within reason. Any surgeon who is
thinking of embarkmg on a program of radieal pneumonectomy for the small
leston, however, must see to 1t that his mortality 15 not increased by the uti-
lization of that techme, since to date 1t has not been shown that the five
year survival data can be improved by utilizing that technic

SIGNTFICANCE OF BLoop VEssen Invasioy

The surgeon likes to feel that he 1s the master of the situation and that by
adopting a bold approach to disease, he may be able to get around the spread
of the mahignant process and merease the salvage in any type of mahgnancy.
It 15 a great disappontment, therefore, to those of us who are surgreally
munded to find that radical pneumonectomy has not at least to date produced
superior results It would seem mevitable that an oceasional patient with
spread through lymphatic channels might be cured by a radieal pneumonec-
tomy, whereas he would not be cured by a standard resection. It seems al-
most certam that that 1s true On the other hand, it 1s probable that the
number of patients who would fall into that category would be so small as
not to be statistically sigmficant It would certainly seem that if cancer of
the lung spread only through the lymphatics or chiefly through the lym-
phaties, there should be a real statistical difference between the results ob-
tamed by radical pneumonectomy as opposed to the standard resection. It
was only withm recent years that we have had some concept of the spread
of cancer of the lung by other means and have been led to believe that spread
through the blood stream is of much greater sigmficance than that through
the lymphatic channels.

Collier and his associates reviewed the pathologie data m our laboratory
and found that blood vessel invasion could be observed by special stams in
the surgical specunen removed at the time of operation m about 70 per cent
of patients with cancer of the lung Ir the study of the surgical spoexmens
it was found that blood vessel invaston was much more common 1 certain
types of carcinoma than others. For example, in the anaplastic carcinomas,
roughly 100 per cent were found to have blood vessel mvasion, and 1n the
epidermord carcinoma—73 per cent; whercas in the low-grade tumors such
25 bronchial adenomas, only 1 of 11 had blood vessel invas.ion (table 4): Sub-
sequently, 107 patients who survived pulmonary resection were reviewed

and the fin e year survival figures compared with the presence or ubsenm'of
blood vessel invasion, as well as the presence or absence of lymph node in-
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Tasis +—Incidence of Blaod Vessel Intasian ta 22§ Excuaed Lung Neoplasmr

Trve Rourioo IR i hhtvet
Tavauon Invagion Invacion
Eptdermoid 78 # 6
Undiflerentiated 37 o 100
Adenocareinoma 2 o 5
Mived 1 1 2
Cylundromatous 0 1 ]
Bronchiolar 5 3 5
Casernord Adenoma 1 7 12
Total 159 o 715,

Tasiy 5—Carcinoma of Lung—Fue Year Surrval of 107 Patienta Surctring Resection

e
1 + 1 4 8
2 - 36 27 75
3 + 53 8 15
4 - 51 23 13
5 + - 28 2 7
© + + 24 2 8
7 - + 10 o 60
8 - 26 21 81

vaston The data regarding lymph node mvolvement were taken from the
routine pathology reports and did not constitute a speeial study as was the
case nith blood vesselinvasion The data areshown in table 5 Aswill beseen,
whereas only 6 per cent with blood vessel invasion survived five years, 75
per cent of those without blood vessel invasion survined five years This was
1n marked contrast to the mfluence of lymph node mvasion sinee with Iymph
node mvasion, 15 per cent survived five years, and without lymph node -
vasion only 43 per cent survived five years. It nould appear obvious i these
data that blood vessel invasion has mueh more mfluence on the prognosis
of the disease than does lymph node mvaston It would seem equally obvious
that 1n the presence of bload vessel mvasion, a radical pneumonectomy has
nothing to offer the patient above and beyond that which could be expected
from a standard rescction It 35 of interest that m the patients in whom
there was blood vessel mnvasion, the presence or absence of lymph node 1n-
vasion was not sigmificant. However, m the absence of blood vessel invasion,
the presence of lymph node mvasion was signifieant Obviously, the hest re-
sults were obtamned in that group in which there was invaston of neither the

blood v essels nor the Iymph nodes, in which event there was 81 per cent five
year survival.
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In consideration of these data, it would seem that if there is blood vessel
invasion, the surgeon could be content with a conservative resection m the
belief that if metastasis has already occurred at a distance, there 1s no par-
ticular pomt 1n trying to dissect out the lymph nodes of the medastinum.
On the other hand, we are perfectly aware that all eancer cells which spread
through the blood stream do not survive to form metastases and, in fact,
6 per cent of the patients in this group who were shown to have blood vessel
mvasion survived five years Thus, from the standpoint of the individual
case, one cannot afford to take an entirely pessimistic viewpoimnt even in the
presence of blood vessel invasion. We do not have available at present a tech-
nic to determune the presence or absence of blood vessel invasion before the
tume of operation. That may be fortunate, Otherwise, we nught inevitably
become too pessimstic 1n this group of patients. If our data shown in table 5
are to be taken at their face value, 1t will be seen that i the absence of blood
vessel invasion, 81 per cent of those without lymph node invasion survived
five years, whereas only 60 per cent of those with Iymph node mvasion sur-
vived five years. It wounld scem obvious, therefore, that there would be an
occasional patient 1n whomn 1¢ might be posstble to get around the last lymph
node which might be mvolved by radical pneumonecctomy, whereas that
1ymph node mght be missed by a standard resection, We suspect, honever,
that what httle salvage might be gamed on this basis would more than be
offset by the merease 1n the operative mortalty 1if radical pneumonectomy
were generally adopted .

Tt 1s important that at this stage of our knowledge not too much in the
way of conclustons be drawn from these data regarding blood vessel invasion.
Certainly we believe that these data help us i giving a prognosis after the
pulmonary resection has been carried out and study of the pathologic speci-
men has been made. However, 1t scems to us to not give the surgeon all the
ansners as to what to do at the time of operation We feel that in the smallt
peripherally located lesion, the surgeon 1s justified in carrymg out a lobee-
tomy alone If the surgeon 1s anxious to carry out a lymph node dissection.
a lerable medeastinal dissection can be carried out in addition to the
lobectomy, but we have been content to do a lobectomy m these patients
without an extensive mediastinal dissectron. On the other hand, we do not
know when blood vessel invaston oceurs We have seen small tumors m nhich
blood vessel invasion was present and the patients died within a few months
of widespread metastasis On the other hand, we have seen quite !ﬂrge tumors
in patients shere a conservative reseetion was done and were quite surprised
to find that the patients went on to a five year survival. In one stance, at
least, a lobectomy was done thinking that 1t was a palliative resectxon., only
to find that the patient survived five years In reviewing the slides in thzl'
light of our present information, we found that he did not have b]o.od.\‘e.ssl‘
invasion It may well be, therefore, that if there 1s no blood vessel invasion,
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the patient may be cured by getting around the tumor loeally. It cannot be
denied, how ever, that there would almost certamly be an oceasional patient
who would also have lymph node invasion which might be entirely resected
only by a radical pneumonectomy.

This new mformation does not help us particularly m trying to determme
how extensive a lesion should be before declaring 1t wrresectable, We have
always taken the point of view that we should take the lung out provided
we could get around the tumor without having to cut across it Even though
we might remove large masses of lymph nodes from the mediastmum, we
have gone ahead and removed the lung when we could do so without actually
cutting across tumor The fact that we may have been too conservative in
this regard 1s amply attested to by one patient operated on more than five
years ago when only an exploratory thoracotomy was done on the basis that
the lesion was irresectable When we found more than five years later that
the patient was still alne, we were quite surprised i view of the fact that
he had had no treatment of any kind, no chemotherapy or x-ray therapy. A
review of his surgical specimen, however, indicated that he did not have
blood vessel imnvasion It would seem to us, therefore, that this information
eertamly puts the pressure on the surgeon to try to get the gross tumor out 1f
1t 15 at all possible to do so, just on the basis that 1t might be one without
blood vessel mvasion and 1if he does get 1t out locally, the patient might be
cured In essence, therefore, our philosophy regarding cancer of the lung at
the present time 1s to do the big operation for the big tumor or for the cen-
trally located lesion (that which can be seen by bronchoscopy) but to do the
conservative operation, natnely lobectomy, for the small peripherally located
lesion

Suaaary

1 Pulmonary resection is the treatment of choice for bronchogenie car-
cmoma It should be possible to carry out this procedure with an operative
mortality in the neighborhood of 10 per cent and a five year survival of ap-
proxunately 25 per cent of those patients m whom pulmonary resection 1s
possible

2 In the present series of 344 patients scen more than five years ago. 56
per cent were subjected to exploratory thoracotomy and 34 per cent under-
went pulmonary rescction, with a 7 7 per cent operative mortality and 26 7
per cent five year survival of those resected This represents 9 per cent of the
total number of pattents seen.

3 A standard pneumonectomy, which is removal of the lung and readily
available mediastinal nodes, constituted 83 per cent of the resections, the
remamnder bewg lobectomies Gross extensions beyond the lung were re-
seeted when it eould be done without cutting across gross tumor

4 The five year survival i this serses utihzing standard resection technic
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including lobectomies 1n some patients, was essentially the same as the he
published results obtained m a series where radical pneumonectomy w
utilized in the good rsk patients.

5. The studies which indicate that blood vessel invasion is of much great
importance than lymph node mvasion 1n the prognosis of cancer of the lu
may explam why the results of radical pneumonectomy have been disa
pointing to date.
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CHAPTER 9

Miscellaneous Pulmonary Parenchymal
Tumors

By COLEMAN B. RABIN, MD

RELATIVELY FEW TUMORS OF THE LUNGS origmate m the pulmonary sub-
stance, or parenchyma, rather than in the bronchi. Some are distmnctly ep1~
thelal growths 1n which a bronchial origin cannot be demonstrated. It 1s
assumed that they arise from alveolar cells, but 1t cannot be denied that they
may anse from the epithelum of the smallest bronchi They are usually
called alveolar cell caremnomas Suntlar to these in some respects 1s the tumor
which has been classified under the name, pulimonary adenomatosis, which
also represents a growth of epithelial tissue. Although the natural course of
pulmonary adenomatosis also ends fatally, the lesion does not exhibit all of
the characteristics generally attributed to careinoma

DMalignant tumors also originate from the usual constituents of the mter-
stitial tissue of the lung derived from the mesenchyme These are the sar-
comas which arise from the connective tissue and the hemangiosarcomas
which develop from the tissue of the blood vessels Bemign fibromas, neuro-
fibromas and myomas also occur i the lung, ongmating m the respective
tissues which they represent They are extremely rare Quite common are
the hamartomas which differ fromn the other growths n that they show evi-
dence of congenital origmn They arc essentially benign

The parenchymal tunors pose a problem different from that of broneho-
genic carctnoma  Many of them are bemign Those which are malignant are
not apt to spread along tymphatic channels or cause bronchial obstruction
The growths increase m size by expansion, spread from alveolus to alveolus,
or they may mvolve the lungs in multicentrie fashion The clinteal and
roentgenologic mamfestations, therefore, usuatly differ from those of bron-
chogeme caremoma The same holds true for the chmeal course and the
treatment

There ts some dufficulty in the classifs of the 1 For pl
there 1< often dufficulty mn the differentiation of the alveolar cell earcinoma
from bronchogetue caremoma and from pulinonary adenomatosis. This has
led to uncertamty concernmg the true nature of some of the cases reported
m the iterature as alveolar cell earcioma or adenomatosis There also re-
mams a question as to the proper eategory m whieh the hemangioma, he-

n
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mangiosarcoma or the lipoma should be placed. These tumors may be ¢
genital m origin and belong to the general group of hamartomas.

In the present state of our knowledge, it 1s impossible to differentiate ir
of the miscellancous parenchymal neoplasms from bronchogenic careing
until the growth has been removed for pathologic examination. Furtt
more, doubt often remams as to whether the tumor is entrely benign,
which ease 1ts removal may not be required, or whether 1t is malignant :
should be resected However, there are instances in which the clinical di
nosis of a bemgn neoplasm 1s so reliable that operation may be avoided.

A description of each neoplasm will be grven under its particular eatego:
1ts manner of growth will be wmdreated and its chnical and roentgenolog
features will be described Those features which differentiate the grow
from bronchogenic carcinoma will be stressed, and the indications for oper
tron and the extent of the procedure wall be discussed

Despite the rarity of some of the growths, the opinions expressed 1 tl
chapter are the result of the author’s personal experience with them Th
reflect his own opimions concerning the pathogenesis of the tumors and t
neethod of handlmg them This has been done because opmions as to then
ture of the tumors and therr treatment vary with different individuals
such an extent that a recztal of all theories and opinions would make for co
fusion We shall leave 1t to the reader to deade for himself which ideas a
most acceptable, after he has made his own mvestigations

Atveorar Ceun CARCINOMA

The term “alveolar cell carcinoma” should be reserved for an epithe:
new grow th which will eventually metastasize to distant organs. Of cours
the difficulty lies in determimng whether the new growth would inevitabl
metastasize if 1t 18 not removed, when 1n that particular case the tumqr ]
rescoted and the patient remains well However, we are jushified in elassify
g the grow th as a caremoma 1f 1t has the same gross and microsc.opic char
acteristics as those which have been known regularly to metastasize,

Grossly the tumor is well localized Microscopically, a connective tissu
reaction 1s t0 be seen here and there at its periphery, demarcating i’; from the
remainmg lung as if by a capsule. However, the capsule is only rudimentary
In many places the tumor cells at the periphery of the growth are secn &
mvade the surrounding lung parenchyma. Thus, the tumor grows by inva:
ston as well as by expansion. The cells are quite large, and although they
may appear rather uniforin, atypism 1n size, shape and stammng capacity of
the cytoplasm 2nd nucleus is present The nuclei are large 1n comparison
to the eytoplasm of a normal cell, the nucleoh are often Jarge and pmmmen]t,
and mitoses may be found, although sometimes only after constderable

gearch These characteristics stamp the growth asa maligunnt'f:lmur. \\; ql;:‘li
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i
Fig 1—Gross specimen from autop~3 of a 28 ycar ofd female with alveolr caremoma -
volving a complete lobe

amount of mother-connective trssuc between groups of them acinar forma-
tion 1s often present and may be the predommant feature

Simee the tumor does not invade the larger bronehu, 1t usually produces
no symptoms until 1t 1s quite large It may then mvolve almost an entire
lobe of the lung and cause chest pan dyspnea and cough (fig 1) Rarely
does 1t cause hemoptysis At any time during the course of 1ts grow th it may
metastasize to the brawn or bones and produce symptoms referable to these
structures Clubbmg s variable When marked, it may be associated with
painful periosteal prohferation over the lung bones near the joints, suggest-
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g arthritis However, novement of the jomts is free of pain, Moreover, the
tenderness 1s demonstrated to be located over the bones adjacent to the
Joints. In many nstances there are no symptoms, and the neoplasm 1s found
only on a purely routine examination of the chest In other eases the tumor
1s demonstrated at 2 routme x-ray examination m a patient whose only
symptomsrelate to the nervous system or who complams of bone pain, Fever,
weakness, werght loss or anemua occur only when generalized metastases are
present, or when the tumor has become large and undergone central necrosis.

The physical examination of the chest 1s usually negative except in very
large neoplasms When the tumor 1s of medium size and a considerable por-
tion of 1t extends to the very surface of the lung, a small area of dullness may
be detected. Even a small portion of normal Jung tissue distal to the tumor
prevents the transmussion of any dullness and gives rise to normal breath
sounds. Rales are practically always absent.

The roentgen films disclose a fairly well demareated, round or oval
shadow However, the outlme 1s not as sharp as in benugn, encapsulated
tumors, for there 1s always some infiltration of the adjacent pulmenary
parenchyma by the alveolar careinoma. The larger tumors may occupy an
entire lobe and displace the interJobar fissure m a bulging manner. The tu-
mor may also grow through the fissure into an adjonng segment of the lung.
Sectional radiography with the rays parallel to the plane of the fissure may
differentrate betw een a bulge of the fissure and growth of the tumor through
1t
Bronchoscopy 1s negative except for unusual cases in which there is dis-
placement or bulging of a large bronchus by pressure of the neoplasm which
ltes outside 1ts wall, Biopstes are not helpful as they are uniformly negatine
Neither have bronchial smears helped m the diagnosis in the cases we have
observed, presumably because the tumor does not ulcerate into the bronchial
tree.
The manifestations of the growth arc the same as those of most cases of
carcinoma ansmg from smail bronchi. There 1s, however, less tendenc}'_“’
mvolvement, of the Iymph nodes, or extension into the chest wall and in-
volvement of the overlymg ribs There 1s also less tendency to hemoptyss.
In the absence of these festations, a localized arising from &
small bronchus cannot be differentiated clinically from an alveolar carcl-
noma. That the tumor 15 mahgnant 1s indteated by the absence of an e
tremely sharp crreumseription of 1ts border and the tendency to 10\)\\‘.\?‘““
of the shadow. The final diagnosis depends on the pathologte exammnation.
This chnwes the bronehi to be entirely free of the tumor Mlic}l h-’!f a {“‘3"?_3“‘

we ey . R
bronehal rather than an alveplar origin,
In the past we have used the term parenchymal neoplasm for all of the
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round tumors in which no bronchial origin could be determined grossly The
term alveolar carcinoma was avoided because of doubt concerning the pres-
ence of epithelial cells 1 the wall of the alveolus However, 1t appears safe
to say, on the basis of studies made 1 embryos and on specially prepared
material in the adult, that there do remain remnants of an epithelial ining
m the form of cells here and there 1 the atveolus Since neoplasms concerv~
ably can arise from these cells, the term “alveolar carcinoma” 1s justified.
However, 1t 1s impossible to be certam that the tumor may not arise from
the cubordal cells of the timest bronchr in many nstances Nevertheless, the
term alveolar carcinoma 1s applied to those epithehal neoplasms ansing m
the pulmonary parenchyma which show no defimte evidence, grossly or
mucroscopreally, of originating mn the emithelium of the smallest bronchi
Since there 15 no great tendeney for the tumor to spread along the bron-
chial walls toward the lung root. T would consider lobectomy the operation
of chotee. Where the tunior 1s situated near the root of an upper lobe, so that
1ts complete eradication by lobectomy appears to be difficult, the remainder
of the lung can still be spared if a sleeve resection 1s performed The mam
bronchus 1s then removed together with the upper lobe, and the lower lobe
or interinediate bronchus 1s anastomosed to the trachea or te the short stump
of the mam bronchus 1t1s wise to perform a lymph node thssection because
of the possibilsty that a few neoplastic cells may be present within the nodes
Pneumonectomy may be avoided if the tumor has grown through the fissure
tomvolve only a small portion of an adjacent lobe This portion may be re~
moyed by segmental or local resectton together with the mnvolved lobe

ADENOMATOSIS

The term, adenomatosis 1s applied to a rare pathologic entity m which the
pulmonary alveoh appear to be lined by hyperplastic, tall, columnar ep-
thelium The cells are somewhat stmalar to the columnar epitheliam hning
the bronehy, but they appear larger and are not cthated The proliferating
cells may show few mitoses They Lie on the basement membrane of the al-
veolus but may appear to be stratifiecl smce some of the cells project into
the lumen of the alveolus in & papiliary manner Large globules of sceretion
are seen within the cells The scerction may fill the alveolr.

The gross appearance 1s usually that of consolidation of the lung rather
than that of a neoplastn The cut section appears homogeneous, dry, gray
and firm as m gray hepatization The arehitecture of the lung is preserved
and the septa are seen to be undistorted The lesion may be confined to a
single lobe of the lung and cither the whole or part of the lobe homogene.
ously mvolved A symilar change may be pre<ent in ote or more of the re-
mainmg lobes as m lobar pneumonia In other cases, the individual lesions
arc much smaller but the process 1s widespread (fig 2) The disease then m-
volves groups of lobules throughout the Jungs wath relatively normal Jung
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tissue between the lesions The bronch: are undisturbed, and 1n classieal
cases the lymph nodes are not mvolved

An appearance such as this has been deseribed in sheep 1n South Africa
under the name of jagzickte. This disease has been thought to be duc to 3
virus infection, However. the entire entity 1s not clear—in sheep any more
than 1t 15 in humans, We know of no counterpart 1n the pathology of w-
flammatory discases of the lungs in humans, and it appears quite certam
that the condition 15 really m the nature of a new growth,

Because of the occurrence of the lesions m different parts of the lung
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without any connection with cach other, and because of the absence of
distinet. evadence of Iymphatic dissemination 1 the lungs, a multicentric
origin s postulated However, spread by asprration through the bronchi may
account for the involvement of widely separated portions of the lung The
microscopic pieture suggests that the local spread of the disease, within each
of the affected parts, 15 from alveolus to alveolus through the pores of Cohn
Lymph node mvolvement has been recorded However, differentiation of
adenomatosts from some cases of bronchogenic adenocarcinoma 1s difficult,
so that the diagnosis of adenomatosis may have been erroneous The broncht
must be examuned most carefully If they are mnvolved, the possibility of
adenomatosis should be exeluded If this precautton 1s observed 1t 1s possi-
ble that no cases of lymph node mvolvement or of distant metastases will
be found 1n adenomatosis
Clinically, adenomatosts 15 characterized by an msidious onset The first
symptom 1s cough. frequently followed later by the production of large
amounts of rather clear, thm sputum This characteristic type of sputum
occurs wnhen the discase 1s farly extensive The patient then brings up
mouthfuls of clear, watery material which looks ike saliva but 1t 15 not apt
to be frothy That the material 1s not saliva becomes evident to the physi-
cian when he 15 present during the coughing spell which produces the spu-
tum At this time 1t 15 noted that the flud 1s coughed up from the bronchi
and does not originate from the mouth As the discase progresses to mvolve
alarge portion of the pulmonary parenchyma, dyspnea supervenes and club-
bing may be quite promment Eventually death takes place from respiratory
farlure because of the replacement of the lung by the spreacing process
The roentgen appearance varies One of the characterstic manifestations
1sal shadow of lidation of a large part of one of the lohes,
sinnlar to that of lobar pneumoma The dispanty between the roentgen find-
mgs which suggest pneumon:a, and the chinteal picture of a patient who ap-
pears comfortable, well and without fever, 1s quite striking This clinical and
roentgenologic picture suggests mineral ol pneumonia However, there 15
usually no history to inclicate aspiration of mneral o1l
In the later stages, evidences of cavitation may be seen Cystlike cavities
filled with secretion are not w the patholog; How-
ever, these are not recogntzable on the film 1f they are filled \utl\ secretion
When the contents are emptied through the bronehi one or more cavities
with or without a fluid level are visuahzed
In oneof my patients in whom there was a shadow of diffuse consolidation
of alower lobe I considered the process to be due to asprration of mineral o1l
For many years she had been taking large doses of the o1l before retirmg
After two years of observation, durmng which time there had been a shight
merease m the arca of involvement, she began to expectorate large amounts
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Fig 3—Grox specimen of lung with himartoma showng sealloped border and flecks of

ealemum

they have no capsule, and therefore fall mto this category. However, these
tumors, when in pure form and not mved with other elements, had best be
destgnated according to the tissue of which they are constituted even though
they have no capsule and are, 1n reality, hamartomas. This suggestion is
made because they represent unusual forms and their designation has been
of long-standmg On the other hand, when other elements coexist, these tu-
mors also should be ealled hamartomas

The concept that the hamartoma grows with the body m parallel fachion
e it brrrm X0 haven all ahenrvad corma of $hocn rarblaeinae $nars 1o frow
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1n size during adult Life. Because of the conception of the hamartoma as an
embryonal malformation, 1t has been thought that the tumor 15 always visi-
ble in early life This 1s also not true We have ohserved three cases in which
roentgen filins were negative two, three and seven years before the tumor
was discovered. While 1t 1s undoubtedly true that the cell-rests were present
at birth, their growth and development did not oceur unttl much later The
fact that a tumor makes 1ts appearance late 1 life does not necessarily mean
that 1t 15 not a hamartoma

Hamartomas ansmg mn the bronchy, and chondromas of bronchial ongin
will not be discussed m this chapter The only ones to be considered here are
those 1 the pulmonary parenchyma Beeause these are not connected with
the bronchial tree, there 1s no cough or hemoptysis They do not cause pamn
even if they are situated beneath the pleura Sice there are no symptoms,
the tumors are not discovered during life exeept at a routine x-ray examina-
tion of the chest, or at an x-ray exammation performed when the patient
complains of symptoms from some other disease of the respiratory tract In
the latter mstanece, the related respiratory symptoms may lead to error m
the diagnosis

Since the tumors are usually quite small and do not mvolve the bronelu,
they do not give rise to any abnonnal physieal signs Even if they are large,
there 13 usually enough ar-containng lung between the major part of the
growth and the chest wall to mask 1ts presence on percusston or auscultation
The diagnosis depends entirely on the mterpretation of the roentgen find-
mngs

The shadow cast by the growth 1s often described as com-shaped Most
eomunonly 1¢ varies m size from a few millueters to 4 to 5 e 1n diameter
Larger ones, measuring up to 10 or 15 em 1 diameter are extremely rare
‘The neoplasms are practically alnays round The unusual. Jarger ones may be
oval-shaped or lobulated With rare exceptions the border of the shadow 15
quite stooth and estremely sharply demarcated, thus differing from pn-
mary caremnomas of the lung whieh m our experience rarely if ever show
such a sharply demareated cireumnference On the other hand, an extremely
sharply demarcated cireumfcrence may be present m certamm metastatic
neoplasims This oceurs particularly in sarcomas and melanocarcinomas, and
oceasionally n hypernephromas

A roentgen appearance simular to that of the hamartoma s encountered
1m tubereulosss, either 1 the form of a tuberculoma or a well encapsulated
fibrocascous nodule The latter are often wregular m shape This serves to
differentiate them from most hamartomas Qecasionally, small hamartomas
appear irregular despite the sharply demareated border When a lesion of
this type 1s situated m the upper lobe differentiation from a fibrocaseous
nodule 1s often impossible Hamartomas contamning a considerable amount
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of bone appear quite dense This s also true of old fibrocaseous nodules w hi
contam a considerable amount of caleium. The round, sharply demareate
hamartoma casts a shadow 1dentical with that of the encapsulated lesic
of cu'ccldundomycosis‘ In patients who have been in the region where eo
cidioidomycosis is endemic, the differentiation of these two lesions is in
possible from the findings on ordimary films

From what has been stated concerning the roentgen appearance, it 1s ev
dent that the usual difficulty lies in differentiating the hamartoma from ir
flammatory and metastatic lesions In the case of the former, the differen
tiation 15 usually not of immediate climeal concern, It is important, how eve
to determime whether there 1s any evidence of a primary tumor which nugh
be respansible for a metastasss, It is necessary to find out whether a lesior
which might have been considered innocent, such as a mole or a cellula
fibroma, had been removed The skin and the extremities must be examine
carefully for a possible primary source of the tumor and an intravenon:
pyelogram should be made A careful roentgen study should be made to ex-
clude the presence of other nodules in the lungs.

In rare instances, primary bronchogenic carcinomas, between 2 and 4 et
in size, present fairly well demarcated shadows on the film, so that one should
hesttate to exclude a malignant tumor when a benign lesion, such as a ha-
martoma, 15 suspected Every effort should be made to abtain previous filims
for comparison. A film made five or ten years before may have been reported
as negative and review show the tumor to have been present at that tim'o.
Thus will suffice to exclude the possibility of a malignant neoplasm But it
should be borhe in mind that a prunary bronchogenic earcinoma can remam
unchanged 11 size for a year, and perhaps up to two or three years, before it
shows evidence of growth, On the other hand, the possibility of a hamartomz
cannot be excluded because a film made several years previously failed to
show the growth Ouly the microscopic anlage may have been present at
that time, and thus s ould not be visible on the films

The shadow of a peripheral ¢ype of bronchial adenoma ansing from a very
small bronchus, or one 1n which no bronehial origin can be demonstrated, 1s
exactly the same as that of most hamartomag on ordmary rm‘htgcn films.
Since the adenoma grows slowly, 1t canuot be exeluded from consideration
even though it 15 known to have been present for many yeats Beeause of
its malignant potentiality, it should be removed.

From what has been saxd concerning the appearance of the hanmr(olna ont
conventional films and the fact that there are lesions which pr'escx\t a sxmlll:;f
racntgen picture, the suspicion of a hamartoma carries with it the !’Oqs(’ "I;
ity of other, more important lesions which require surgxcq treatmen Y
therefore becomes necessary to resect the lesion unless o special character!
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tie can be found which will stamp the abnormality as an mnocent hamar-
toma.

A considerable proportion of the hamartomas contan bone 1 sufficient
quantities to be demonstrated roentgenologically, The density caused by the
calcium 1 the bone 15 arranged i a rather characteristic pattern The bone
1s present 1n the form of smaller or larger 1slands, diffusely seattered through-
out the tumor. While oceasionally visible on ordmary films, the caleium 15
more frequently demonstrable on overeaposed filins or on those made with
the Bucky diaphragm. The pattern 15 most clearly discerned on sectional
radiography. On the sections, the shadow appears to be stippled throughout
1ts extent with extremely fine denstties In other cases, particularly m the
bigger hamartowmas, wregular, larger densities are visible throughout the
growth When this charactenistic pattern of ealetfication 1s seen, there should
be no hesitation 1n designating the tumor as a hamartoma One 1s then justi-
fied 1 withholding surgical treatment

The pattern of calethication of the hamartoma differs from that of the
tuberculoma, i which there 1s a dense caleific deposit m the exacet center of
the shadow The central caleific deposit of the tuberculoma may be sur-
rounded by concentric rings of caleification, or there may be a central area
of apparent lucency surrounded by one or more rings of calmﬁcatmn Thc
fibrocaseous nodule or a caleified dio1d may appear h
dense because of 1ts hugh caleium content. This appearance may also be pre-
sented by the hamartoma Operation 13 not mdicated in any of these cases

A blocked tuberculous cavity may show a dense caleific deposit charaecter-
wstically situated along one part of its errcumference It 1s generally best to
remove such foer Carcmomas may grow about an old, calafied tuberculous
foeus The presence of the calerum may suggest a bemgn lesion, but 1ts loca-
tion, exther 1n the peniphery or off center 1n the nodule, or the presence of
two or three small caletfic foer 13 unlike the distmbution of caleium i the
hamartoma The differentiation should present no difficulty

The only condition in wlhich I have noted the charactenstic pattern of
calerfieation seen 1 hamartoma has been metastatie osteogemie sarcoma
Here the distribution of the bone within the sareomatous metastasis is quite
smular to the distributton of the bone within the eartilaginous tissue of the
hamartoma The roentgen picture 13 therefore the same The diagnosis de-

pends on locating the primary source of the osteogenie sarcoma

In summary, then, 1t may be said that the only cases m which 1t 15 safe to
make a diagnosis of a hamartoma are those i which a characteristic pattern
of calaification ean be demonstrated and m those which have shown little
or no gronth over a pertod of several years In other mstances, unless 1t can
be definitely shown that the disease 1s inflammatory, operative removal 15
indseated
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of bone appear quite dense. This 1s also true of old fibrocaseous nodules which
contain a considerable amount of caleium, The round, sharply demarcated
hamartoma casts a shadow 1dentical with that of the encapsulated lesion
of coccidiordomycosis In patients who have been m the region where coc-
aidiordomyeosis 1s endemue, the differentiation of these two lesions 1s m-
possible from the findings on ordinary films

From what has been stated concerning the roentgen appearance, it is evi-
dent that the usual difficulty lies i differentiating the hamartoma from m-
flammatory and metastatic lesions In the case of the former, the differen-
tiation 1s usually not of immediate ehinieal concern. Tt 1s important, howerer,
to determme whether there 1s any evidence of a primary tumor which might
be responsible for a metastasis It 1s necessary to find out whether a lesion,
which might have been considered mnocent, such as a mole or 2 cellular
fibroma, had been removed. The skin and the extremities must be examined
carefully for a possible primary source of the tumor and an mtravenous
pyelogram should be made A eareful roentgen study should be made to ex-
clude the presence of other nodules 1n the lungs

In rare mstances, primary bronchogenic careinomas, between 2 and 4 em
m size, present fairly well demarcated shadows on the film, so that one should
hesitate to exclude a mahignant tumor when a benign lesion, such as a ha-
martoma, 1s suspected Every effort should be made to obtam previous films
for comparison. A film made five or ten years before may have been reported
as negative, and review show the tumor to have been present at that time.
This will suffice to exclude the possibility of a malignant neoplasm, But 1t
should be borne 1n mind that a prunary bronchogenic carcimoma can remain
unchanged m size for a year, and perhaps up to two or three years, before it
shows evidence of growth On the other hand, the possibility of a hamartoma
cannot, be excluded because 2 film made several years previously failed to
show the growth Only the microscopic anlage may have been present at
that time, and thus would not be visible on the films

The shadow of a peripheral type of bronchial adenoma arismg from a very
snall bronchus, or one m which no bronchral origin can be demonstrated, 15
exactly the same as that of most hamartomas on ordinary reentgen filns
Since the adenoma grows slowly, 1t cannot be excluded from consideration
even though 1t 15 known to have been present for many years Because of
1ts malignant potentiality, it should be removed.

From what has been said concerning the appearance of the hamartoma on
conventional films and the fact that there are Jesions which present a sm}llaf
roentgen picture, the suspicion of o hamartoma carries with it the posslbxll;
ity of other, more important lesions which require surgieal treatment
therefore becomes necessary to resect the lesion unless a special characteris-
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tic ean be found which will stamp the abnormality as an innocent hamar-
toma

A considerable proportion of the hamartomas contain bone in sufficient
quantities to be demonstrated roentgenologieally The density caused by the
ealelum 1n the bone s arranged 1n a rather characteristic pattern The bone
1s present 1n the form of smaller or larger istands, diffusely scattered through-
out the tumor While occasionally visible on ordmary films, the caletum 1s
more frequently demonstrable on overexposed films or on those made with
the Bucky diaphragm The pattern 1s most clearly discerned on sectional
radiography On the sections, the shadow appears to be stippled throughout
1its extent with extremely fine denstties In other cases, particularly n the
bigger hamartomas 1rregular, larger densities are visible throughout the
growth When this characteristic pattern of caleification 1s seen, there should
be no hesitatron in desighating the tumor as 2 hamartoma One 1s then justi-
fied 1 withholding surgical treatment

The pattern of caleification of the hamartoma differs from that of the
tuberculoma, 1n which there 1s a dense caleific deposit in the exact center of
the shadow The central caleific deposit of the tuberculoma may be sur-
rounded by coneentric rings of caleification, or there may be a central area
of apparent luceney surrounded by one or more rings of calcnﬁcanon The
fibrocaseous nodule or a ealeified lio1d may appear h
dense because of 1ts high calelum content This appearance may also be pre-
sented by the hamartoma Operation is not indicated 1n any of these eases

A blocked tuberculous cavity may show a dense calcrfic deposit character-
1stically situated along one part of 1ts circumference It 1s generally best to
remove such foer Caremomas may grow about an old, calexfied tuberculous
focus The presence of the calelum may suggest a benign lesion, but 1ts loca-
tion, either mn the periphery or off center 1 the nodule, or the presence of
two or three small calerfie foer 1s unlike the distribution of caleium 1 the
hamartoma The differentiation should present no difficulty

The only eondition in which I have noted the charactenstic pattern of
caleification seen i hamartoma has been mietastatie osteogenic sarcoma
Here the distribution of the bone wathin the sarcomatous metastasts 1s quite
sunilar to the distribution of the bone within the cartilaginous tissue of the
hamartoma. The rocntgen picture 1s therefore the same The diagnosis de-
pends on loeating the primary souvce of the osteogeme sarcoma

In summary, then, 1t may be said that the only cases m which 1t 1s safe to
make a diagnosis of a hamartoma are those m which a characteristic pattern
of caleification can be demonstrated and m those which have shown little
or no growth over a period of several years In other mstances, unless 1t can
be definitely shown that the disease 1s mflammatory, operative removal 1s
mdieated
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Duffuse Form of Hamartoma

The hamartoma may occur m an unusual form Instead of forming a lo-
calized growth, there may be sumply a replacement of an entire lobe of the
lung or a large portion of a lobe by dense tissue. On microscopic examination
the lesion 1s seen to consist largely of loose connective tissue resembling
mesenchyme. A variety of structures, rudimentary alveoll and bronehi,
glandlike formations of eubowdal epithelum, cartilage and bone, are scat-
tered throughout the matrix of connective tissue. It 1s evident that we are
dealing with a malformation The difference between this and the ordinary
form of hamartoma appears to be largely one of maturity of ats elements.
Those which forin the diffuse type of hamartoma appear to be less mature.

This type of hamartoma has been found 1n children. As in the case of other
mnportant malformations. it may exist in combination with other tal
abnormalities When the disease 1s extensive enough to involve a major por-
tion of lung, it can produce dyspnea. Dullness and alteration of the breath
sounds are then present, and lead to 1ts detection The roentgen appearance
1s simply that of consolidation of a portion of the lung The possibility of a
diffuse form of hamartoma 1s to be considered in a child when there is a per-
sistent shadow of consolidation, not ascociated with fever or atelectasis If
one could be certam of the diagnosis, no treatment would be indreated. How-
ever. exploratory operation has been performed because of the possibility
of a neoplasm or some other condition requiring surgical treatment.

OrHER BENIGN NEOPLASMS

Other benign neoplasins are rare. They are fibromas, lipomas, hemangio~
mas, lymphangiomas, myotnas and neurofibromas We have seen examples
of encapsulated fibroma, lipoma and neurofibroma Because of their encap-
sulation, one must consider them as true neoplasins rather than hamartomas.
However, the lymphangiomas and | gl have not been encapsu-
lated, and consequently should be considered among the hamartomas Some
myomas probably also fall into ths category

These tumors are so rare that few have been deseribed I personally, have
had expertence with only one or two m each of the categories mentioned In
the two lipomas which we have seen the shadow was quite faint even though
the hpomas were between 6 to 8 em m diameter. The hemangromas were
poorly demarcated. They looked more Like mflammatory lesions The re-
mainder of the tumors were sharply cireumseribed and round, and measured
only 3 to 4 em in diameter. The sharp cireumscription of the border 1s -
dicative of a benign lesion Nevertheless, I would recommend operative
treatment in most cases because of the possibility of 2 malignant neoplasn.
Exceptions may be made 1f the tumor has been present for many years, or
if the patient’s general condition 1s poor.
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SarcoMA

Sarcomas of the lung should not be eonfused with those which anse from
the connective tissue of the pleura covering the lung The subpleural eon-
nective tissue 1s highly specialized, and while 1t gives rise to sarcomas, the
latter have the appearance of fibrosarcomas or cellular fibromas Despite
therr cellulanty, these tumors are essentially benign On the other hand, the
sarcomas which ongmate from the connective tissue within the lung sub-
stance are malignant Two types of sarcoma have been observed These are
the spindle cell sarcoma and the hemangrosarcoma

Spindle Cell Sarcoma

Spindle cell sarcoma of the lung usually grows rapidly It produces no
symptoms until 1t 15 large enough to cause dyspnea or mvolve the pleura,
m which case 1t causes pan We have observed a case which eroded the
bronchus and produced hemoptysis

By the time the tumor 1s recognized. 1t usually has attamed large size It
then presents 1tself on the roentgen film as a sharply demarcated, large,
round or lobulated shadow If 1t 1s perfectly round, its sharply demarcated
border suggests the presence of a cyst, and 1if situated i the mesial portion
of the chest, 1t may be confused with a mediastmal cyst An increase i the
size of the roentgen shadow may be noted within a matter ot several weeks
However, we have seen one case m which the tumor measured only about
6em 1n diameter and the growth had occurred slowly over a period of three
years In arecently observed case, the huge tumor was situated immediately
over the diaphragmn and was associated with a small effusion m the free
pleural cavity. The appearance then sumulated an ifrapulmonary lesion A
film made a year previously was negative although the tumor was enorinous
when first seen

As m other spindle eell sarcomas, there 1s a tendency to hemorrhage and
necrosis In the case mentioned above, aspiration yielded 500 ce of old blood
At first 1t was thought that the patient had a loculated hemothorax which
was largely clotted The correct diagnosis was made when the aspirated ma-
terial was exammed pathologically

Despite the rapid merease 1 size of the tumor and 1ts tendency to involve
pulinonary veins, the growth remains quite focalized It can therefore be re-
sected even when huge Two of the cases we have observed have remained
well for many years after resection In a third case, the tumor proved re-
sectable even though 1t was immense Despite the apparent high grade of
malignancy of these growths, 1t nould appear that a good many of them
should be eured by surgery
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adenocaremomna, cyhndroma or careinoid tumor and malignant adenoma
The term “cylindroma” was first apphed by Billroth in 1839 to a tumor of
the paranasal simus mvadmg the orbat. The sumilarity between these tumors
ansing 1n the accessory nasal sinuses and those 1n the tracheobronchial tree
was recognized and the same term used for these tumors It was thought
that they occurred wherever major or mmor salivary glands or simple ma-
cous glands were found In recent years as more data have been collected
concerning the carcinoid and eylindromatous adenomas 1t has been increas-
mgly apparent that there 1s a defimte difference between these tumors in
regard to ther location, degree of malignancy and response to treatment, In
spite of theyr differences, however, these two tumors are closely related and
cause similar chinreal mamifestations. Because of differences in natural his-
tory and prognosis, 1t 1s of importance that these tumors be recognized and
a sharp distinetion made between them and bronchogenic carcinoma.

TrEORIES OF ORIGIN

There have been many theortes suggested to explain the origin of ade-’
nomas and the variations seen 1 the cellular pattern. Heek (1916) advocated
onigin from embryome buds or nondeveloped foc of lung anlages Wessler
and Rabn believed that the adenomas origmated in the duet epitheltm of
mucous glands because (1) the tumors are covered by mntact epithelum and
he on an unmterrupted basement membrane, and (2) their cellular elements
do not resemble elements of mucous glands and no apparent transition from
normal mucous glands could be scen Hamperl and Stout belies ed that the
adenomas arose from the peculiar cells known as “oncocytes™ or “pykno-
cytes” which are found 1n mueous and serous glands and their ducts. Crafoord
and Lindgren placed the bronchial adenomas with the mucous and salivary
gland tumors recogmzing their charactenstic slow growth as well as 2 tend-
ency toward “local mahignaney™ 1 e. local invasion of surrounding structures.
Because of a certam resemblance of some of the adenomas to fetal lung tis-
sue, Womack and Graham suggested that they were associated with failure
of the embryonze buds to develop mnto normal structures and termed these
tumors “mixed tumors” of the lung, They believed that they were formed
of both entodermal and mesodermal elements and regarded them as poten-
tially mabignant They considered them sumlar in behavior and origm to the
muxed tumors of the parotid gland After years of controversy it 1s now gen-
erally acknowledged that bronchial adenomas have therr origm m the mu-
cous glands and their duets n the bronchial walls.

MavigNaNcy
ancy
For many years there was considerable disagreement over t.he mahgna!;")_
of the adenomas Some writers believed them entirely benign, some ¢

sidered them benign but eapable of undergomng a malignant change, and
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still others e lered them to be mal tumors which grow very slowly
and metastasize late i their course There 1s now ample evidence that these
tumors do grow slowly, are locally wmvasive and also may metastasize to
Iymph nodes, mediastinum, vertebrae and hver Numerous authors have
reported cases of metastatic adenomas and have shown that the adenomas
of the eylindromatous type are much more hikely to metastasize than the
carcmoid adenomas McBurney, Kirklin, and Woolner reported 87 stances
of bronchial adenoma with metastases stating that 10 per cent of all ade-
nomas metastasized They beheve that the histopathologie preture may n-
dreate that a given adenoma may have metastasizing qualities None of the
adenomas m the Mayo Clinic series that had perfectly regular carcinord pat-
tern and little or no pleomorphism or mitotic figures metastasized distantly,
In two eases such adenomas did metastasize to lymph nodes In those tu-
mors that metastasized distantly the carcmoid pattern was not orderly.
Pleomorphism, mitotie figures and rregular cell pattern were more frequent
Ad of the eylmdr type were three times as hkely to metasta-
size as those of the carcmnolrd type In our series of 37 cases four showed evi-
dence of local invasion and three had distant metastases Of the three pa-
tients who had distant metastases, 1e. metastases to cervical nodes,
diaphragm or contralateral lung, two patients had tumors which were histo-
logically of the eylindromatous type

IncipENCE

Adenomas are said by various authors to comprise between 6 and 10 per
cent of all primary lung tumors. Only 3 per cent of our 1,215 primary bron-
chial tumors were adenomas, perhaps reflecting the ncreased neidence of
bronchogente caremoma  Adenomas arc found more frequently i women
than m men 1n contrast to bronchogeme caremoma In our sertes, adenomas
were found almost twice as frequently i women as 1 men (23 women and
14 men) The average age of our patients when seen for treatment was 42
years with the majonty of the patients m the 30 to 39 year age group (fig 8).
The greatest number of these patients noticed the onset of symptows be-
tween the ages of 20 to 30 years and had had symptoms for an ayverage of six
years at the time they were first seenr These figures do not duffer greatly from
larger colleeted series of adenomas but are strikingly different from the fig-
ures for bronchogenic carcinoma There were 35 white patients, one Amer1-
can Indian and one Negro m this group The youngest patient was 14 years
old while the oldest was 69

LocarioN

Adenomas are most frequently found ansing from the bronchial wall of
one of the major broneh1 For this reason a very lugh percentage are visible
by bronchoscopie examination and accessible for biopsy In our seriee 80
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® = Carcinord type

X = Cylindromatous
type

Fig 1—Location of adenomas mn the trachcobronehml tree (37 cases)

per cent were located i the major bronchi in which they could be seen by
means of bronchoscopy (fig. 1). Stce the glandular elements from which the
adenomas arise are found as far out into the bronchial tree as the cartilage
extends, 1e. to a diameter of 1 mm,, theoretieally tumors arising in these
glands may be found quite far out 1n the periphery of the lung Mater found
10 per cent to be located perspherally However, these tumors are most fre-
quently seen m the major bronchi probably because the glands are more
numerous 1n the larger bronchr In our series only three tumors were seen 0
roentgenograms as pulmonary nodules, 1e. a peripheral nodule surrounded
by lung parenchyma. The cylindromatous type 1s more likely to oceur near
the coryna or m the trachea while the carcinoid adenoma rarely if ever 1n-
volves the trachea.

GRoss PATHOLOGIC AND BRONCHOSCOPIC APPEARANCE

Grossly the adenoma 1s usually found as a polypoid or sessile, Tobulated
mass protruding from or through the bronchial wall. The intrabronelual
portion frequently constitutes only a small part of the tumor mass with .fhe
major portion bemng in the peribronchial region. At the time of cperat{ﬂn
the tumor may be felt as a soft to moderately firm peribronchial mass which
can be separated without great difficulty from the surrounding lung an
mediastinum but with a very firm bronchial attachment Through the.bron-
choscope the adenoma may * T T T telesadintene
bronchial strueture covered |
vasculanty of these tumors
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even exsangumation has been reported following biopsy. For this reason,
many surgeons prefer not to biopsy any tumor that has the typeal broncho-
scopie of an ad The cylindromatous ad seen 1 the
trachea may show thore evidence of uleeration and be more cuffusely situ-
ated over the tracheal wall There may be marked bronchiectatic changes
and destruction of Jung tissue due to the presence of chronic infection dis-
tal to partial or complete obstruction of the bronchus

MICROSCOPIC APPEARANCE

The eareinoid pattern 1s found microscopieally 1h 90 per cent of the ade-
nomas These tumors are composed of small umform cuboidal cells which
contam a moderate amount of very finely granular eosinophilic eytoplasm
and are arranged 1n strands, sheets or in acinous formation (figs 2 and 3).
The nucler are round or oval, deeply stammng and usually centrally placed
There 15 little pleomorphism and mitoses are absent m the well differentiated
carcinoxd pattern These tumors resemble the carcinord tumors of the small
ntestine but argentaffin granules have rarely been demonstrated

The eylind type of ad 1s o 1 of small cells with
darkly stained round or oval nucler (fig 4). There 1s a moderate amount of
clear cytoplasm present The cells are arranged in branching masses forming
tubules or m groups formmg rrregular spaces which ate filled with mucord
secretion, Mitoses are rarely seen except 1 actively infiltrating areas This
tumor 15 much more ikely than the earctnowd type to invade locally as well
as to have distant metastases The only late deaths m our series were mn two
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Fig 2—Photomicrograph of a typieal caremoid  adenoma (X 150)
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Fig 4—Photomicrograph of a eyhindroma of the truchea (X 1500

reported

patients who had the eylindromatous pastern. In a series of cases P

by Enterlme and Schoenberg cylmdromata were found to have cause e
seven times as frequently as the carcmoid type and to have recurred

times as frequently.



ADENOMA AND CILINDROMA OF TRACHEA AND BRONCHI 133

CrivicaL SigNs, SYMPTOMS aAND DiaeNosts

The clinieal signs and symptoms associated with the bronchial adenoma
are due exther to the extreme vascularity of the tumor or to the obstruetion
of the trachea or bronchus eaused by the tumor mass (table 1). Hemoptysis
may be the predominant symptom occurrmg suddenly m considerable
amounts and unassoctated with other symptoms In our series although

ptysis was the pred: t symptom m almost a third of the patients,
signs and symptoms of suppurative disease with or without hemoptysis were
more frequently found.

The symptoms due to tracheal or bronchial obstruetion vary with the lo-
cation of the tumor and the degree of obstruction (table 2). .\ wheeze due
to a partial obstruction 1s not uncommon, particularly m the case of tumors
located at or near the coryna As the obstruction becomes more complete
and dramage to the affected lung 1s impaired, chronme nfection develops
distal to the tumor site, and the elinical picture becomes that of chronze sup-
puratwve disease of the lung with productive cough, fever and chest pan.
This was the most frequent symptom complex i one-half of the patients
mour series Although the bronchial adenoma may be present as a silent le-
si0n, 1n only three of the 37 patients was this the case, The tumors 1n these
patients were found as asymptomatic pulmonary nodules on chest roent-
genograms

TabLE 1—Predoninant Symptom in 87 Patienis uath Bronchial Adenoma

Suppurative Disease (Fever, productive cough) 15
Hemoptysts 10
Bronchial Obstruction 5
Avymptomatie 3
Cough 1

Note Suppurative dievse of the lung asconiated with bronehnal obstruetion dommated
the chimeal meture 1n almost one half of the patients

TAbLE 2—Signs and Symptoms tn 37 Patients with Bronchinl Adenoma

Hemopty 15 20
Fever 20
Purulent Sputum 19
Cough 15
Chest Pain s
Inereasing 3fass hy Toentgenogram 7
Dyspnea 6
Wheeze 5
Weight Lovs 2
Asymptomatic Pulmonary Nodule k]
Clubbing of Fingers 1

Note Hemoptyais with or without symptorus of suppuratite disease of the lung was the
commonest simgle ehinienl finding
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The diagnosis of a tracheal or bronchial adenoma is usually not diffieult
The long duration of symptoms suggestive of tracheal or bronehial obstrue-
tion associated with hemoptysis or chronie localized suppurative discase of
the lung may lead the chmeian to suspect the presence of an adenoma. The
tumor may be seen by means of bronchoscopic examnination in a high per-
centage of cases (80 per cent of our sertes) and a biopsy taken, The hazards
associated with bleeding followmg biopsy have already been mentioned The
surgeon should also be aware of the difficulty in making an accurate diag-
nosis pathologieally on a small biopsy specimen, There 18 not only consider-
able difference between the mrcroscopic appearance of different tumors but
also n the appearance of different areas of the same tumor, For this reason
a pathologic diagnosts made on & biopsy specimen should be aceepted by the
surgeon only if it 1s consistent with the clinical history and findings Papani-
colaou smears of bronchial washings are usually negative for tumor cells.
The adenomas are covered in most mstances by intact mucosa so that tumer
cells are not found mn the bronchial washings

ROENTGEN APPEARANCE

The adenoma may present one of two roentgenographic patterns It may
be scen on roentgenograms of the chest as a rounded smooth mass usually
at or near the hulum 1n & patient without syinptoms (fig. 5). This vas the
appearance 1n two of the 37 cases m this series More commonly, honever,

1 ; 1 utar
Fig 5—Chest roentgenogrums of a 32 year old woman showing a ty pml“r’lo‘_u‘r;:!:m”
shadow eaused by an adenoma This patient was asymptomatic ’ll'hc 1:1;;;;)(‘rloimmmy
on a routine survey film Patient alne and well £ years after a nght micld
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Fig 6—Bronchograms of a 16 yeur okl white garl who had had & cough and » beezmg
respirations for 1S months A preoperatrie bronchogram (A} choweil an ob-truction caused
by an adenoma i the loft |mpﬂ lobe 4 lcft upper lobcetomy with a plistie repur of the
bronchus was ram {B) with the remaming lower lobe
expanded 1o fill the left cho»t (~e¢ higure 7 tor di1gram of the bronchoplastir repatr)

one finds the roentgen appearance assoctated with obstruction of a bronchus
to a lung, lobe or segment with loss of volume or obstructive pneumomtis
of the nvol ed portion of lung depending on the degree of mechanies of the
obstruction Bronchograms and stratograms may be of great value m dem-
onstrating the nature and site of the bronchal ohstruction (fig 6) Out of 37
patients in our series 28 had demonstrable lesions by one or more roentgeno-
graphuc technes

TREATMENT

Proper treatment of the bronchial adenoma must be based on an accurate
diagnosis as well as a thorough knowledge of the long natural course of the
tumor, 1ts tendency to recur locally after inadequate removal, and its mahig-
nant potentialities Surgieal removal of the tumor 1s the accepted treatment
of chotee Lndoscopic removal was advocated for many years by some but
now has heen abandoned except m certam special situattons There are sev-
eral objections to bronchoscopic remos al as a method of treatment of bron-
chral adenomas It has been shown that the portion of the tumor available
for removal by bronchoseopy constitutes only a small part of the tumor m
most cases, thus explanung the high rate of local recurrence after endoscopie
removal Serious and even fatal bleeding following endoscopiec removal 1s
not mfrequent In the majorisy of cases the symptoms caused by the ade-
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noma are those due to chronie suppurative disease associated with the b
chial obstruction. In many instances these symptoms can be alleviated

by removal of the chronically infected lung distal to the obstructing

noma, Endoscopie removal may still be indicated, however, in seve
debulitated elderly individuals who would not tolerate operation but :
patients constitute a very small percentage of those patients with adenor
Repeated checks for recurrence are necessary 1f the adenoma is removey
bronchoseopy, because local recurrence can oceur and has been reporte
long as 10 years aften endoscopic removal. Because of the slow gronth

tendency to metastasize late 1 its course, a limiter] resection is often ¢
quate for complete removal of these tumors. Bronchoplastic proced
which accomphsh the complete removal of the tumor and yet preserve
lung uninvolved by tumor or chrome infection, have their greatest useful

SDUNCULATED
INTRABRONCHIAL
ApzNOMA

Left upper Iobe
removed

Plastic repair of
Obstructed upper lobe Jeft main bronchus

Fig 7—Bronchoplastte procedures done m fi et
well from one to ten years following operation with no evidence of recurrence Case

e casco. These patients ate all alive:
(abor

Plastic repair of right

ddle and
Resection right middle upper lobs bromchus

lower lobes with portson
of right main bronchus

Fig 7—(continued) Case 2
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m the treatment of this tumor Fne of the 37 patients m this series had
such procedures with excellent results (fig 7). In most of our cases, how-
ever, lobectomy or pneumonectomy was necessary Lobectomy was per-
formed in 11 cases, bilobectomy 1n 10 and pneumonectomy m stx eases

Left lower lobe

and portion of

main bronchus
removed

Left upper lobe bronchus
sutured to left marn
bronchus

Fig T—(continued) Case 3

Area of lesion excised  Plastic repatr of right mamn
bronchus and carina

Fig 7—(continued) Case 4

Left lower lobe
remeved

Plastie repair
of tets matn
bronchus and of
left upper lobe ortfice

Fiz 7—(continued) Case 5
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IrnapIaTION THERAPY

Irradiation therapy may be of value m the cyhindromatous adenomas
when surgical removal is not possible. We have used 1wradzation therapy m
two cases of recurrent eylindromas of the bronchus and in one extensne
cylindroma of the trachea with perhaps some beneficial results. There 15
very little evidence from reports in the literature that wraciation therapy
has any effect on the carcinoid adenoma

ResuLts

The results of the surgical treatment of the adenomas and particularly
the careinoid type have been very gratifying (fig. 9). Out of a group of 21
patients who had either a lobectomy or bilobectomy 19 or 90 per cent are
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Fig 9~Trentment of 37 cases of bronchial adenoma. Of the i
exetsion of their tumor 23 (84 per cent) are known to be Lving and well,
and 2 have been lost to follow up.

2 patients are dead,
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known to be hivmg and well as long as 17 years after operation We have
been unable to locate one patient and one died 19 years after her orginal
operation. This patient had a left lower lobectomy for a eylmdroma which
recurred 12 years later m the bronchral stump .\ second operation was
performed but resection was not possible beeause of the extensive spread of
the tumor to the pericardium, diaphragm and mediastinum This patient
lived for seven years after her second operation Six patients had a pneu-
monectomy performed and of this group three are living and well as long
as seven years after operation One of the patients who had a pneumon-
ectomy has been lost to follon up and another died eight years after her
oniginal operation This patient was a 39 year old woman who had a
cylindroma of the left main bronchus removed by left pneumonectomy.
Seven years after operation she was found to have a cylindromatous ade-
noma 1n the right upper lobe which nas removed by segmental resection
This patient died several months after her second operation It 1s interesting
that the only two late deaths m the rescction cases have been in patients
who had eyhndromas

In 3 patients exploration only wasdone At the tume of operation the tumor
was found ta be too extensive for resection One was 1n a 34 year ald woman
\\ho had had repeated 1llnesses due to lung abscess and empyema requiring

on several P y was attemapted but was

mpossible because of extensn e iy olvement of pericardium and pulmonary
vessels The patient died a week later of compheations of suppurative dis-
ease of the lung One of these patients died six years aften exploration with
metastases to the abdomen The other patient 1s still hvmg three years
after operation but with roentgen evidence of a large mediastinal mass

No operation was performed 1n three cases One patient refused opera-
tion after a bronchoscopie biopsy and 1s stilll iving without symptoms 16
years later Another patient who refused to aecept surgical treatment died
erght years later nith metastases to the mediastiium and scalene nodes A
third patient was not operated on because of metastases to the spinal canal
This patient was a 65 year old paraplegie with severe heart disease who for
30 years had had complete opacity of her left lung field on roentgen ex-
amemation This was caused by obstruction of her bronchus by an adenoma
which could be seen at the time of bronchoscopy

One patient i this series had a bronchoscopic removal of a small polypeid
adenoma This patient 1s alive and free of evidence of recurrence seven years
after removal Another patient had a very hmited resection of an adenoma
and a plastic repair of the defect without removal of any lung tissue (fig
7). This patient 1s alive and free of recurrence erght years after operation.

Bronchoplastic procedures have been performed m five patients (fig 7).
All of these cases have done well and have shown no evidence of recurrence
in the period sinee operation which 1n one case has been as long as ten years
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Limuted resection has been used wherever possible in order to presenve all
lung tissue not mvolved by tumor or chronie infection. Goldiman has recont-
mended consideration of local excision in every case where the following
conditions can be met.

The tumor—

b it

1 155 established to be bemgn, or only

2 has not undergone malbignant degeneration, metastasized, or widely mfiltrated the
bronchus

3 15 located 1n the trachea or an easily aceessible bronchus

4 13 locahzed, has no extenwve extrabronchial growth and has ot caused pressure
Tneeros)s

5 has a statklike or small area of scsule attachment

6 has eaused no ireversible pulmonary damage 1n the lung distal to 1ts loeation

Complete exersion of the trachea was performed 1 one patient who had
a cylindroma mvolving most of his thoracie trachea and extending down-
ward to involve both the right and left main brouchi, This patient was
threatened with suffocation from complete tracheal obstruction. Ifral!lﬂ‘
tion therapy had been tried but the obstruction became worse necessitating
abandoument of this form of therapy. Approximately 12 cm. of the !racht:n
and coryna and bifurcation were resected and replaced with‘ a prosthesis
fashioned of dermis over a coil of steel wire. This patient thhcd'l two days
following operation from respiratory obstruction due to kinking of the
major bronchi at the site of the anastomoses In two sum!ar cases with one
survival reported by Belsey m neither case was rescetion of the entne
tracheal cireumference necessary. Both of these cases had cylindromas re-
sected and the tracheal defect repawred with a prosthesis made of fascia from
the patient’s thigh and no. 32 guage stamless steel wire.

OPERATIVE DEATHS AND COMPLICATIONS .
There were three operative deaths One occurred following evplomfil;:;
mentioned above. The second occurred jn a 32 year old woman who cx;;\ma
on the operating table dus to inadequate ventilation, It was dxscov’cn’éw“_
late that the endotracheal tube had slipped down 1nto the right main g
chus The third death occurred following resection of the fraches
cylindroma, already referred to above. . 3
yPoStOpcr:’xtlve cuymphcanons occurred 1n seven patients. T;\)ostrt’::f:n“s
had postoperative hemorrhage necessitating reopening of the cmem e
trol the bleeding One patient developed a superficial hemz:r I sbients
wound which caused a distuption requiring secom!m‘y Ck?iu\”ﬁ. “‘; :‘cs st
developed an empyema following a small bronchial lenk..ThcseI ’cl o e
successfully treated by closed thoracotomy and tube dr{:m;np‘::cr A
there was roentgen evidence of infarction of the nght low
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sumably due to damage to the blood supply at the time of operation Tlns
cleared without treatment,
L lreatment,
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CHAPTER 11

Miscellaneous Tracheobronchial Tumors
By PAUL H HOLINGER, MD.

INFLAMMATORY TISSUE 3ASSES, amyloid deposits and benign and mahgnant
neoplastic grow ths constitute a fi group of 11, tracheo-
bronchial tumors Each 1s a relatively rare pathologic entity but therr clini-
cal characteristics are sufficiently smnlar that differentiation 1s dependent
on the histologic evaluation These tumors give evidence of their presence
m the trachea or bronchi by symptoms of cough and hemoptysis, as well as
by those symptoms and findings associated with partal or total airnay ob-
struction such as wheezing and dyspnea, obstructive emphysema and ate-
lectasis Cough 1s generally the first symptom Wheezing 1s often mternmt-
tent, present as the patient lies in certain positions or changes his position

Dyspnea 1s primarnily due to tracheal or bronehial obstruction, but may also
be caused by mediastinal or vascular compression Hemoptysis 1s rarely an
early symptom of patients with bemgn tumors Pulmonary suppuration 1s
usually the cause of hemoptysis when 1t does occur, and 1s responsible for
most of the systemic symptoms of bronehial tumors Part:al or complete
obstruetion of the bronchus results in mpaired dramage which predisposes
to mfection 1n the related lung, often giving the signs and symptoms of a
elmical pneumonia This has o segmental or lobar distribution dependimg
on the bronchus nvolved, and responds readily to chemotherapy to give
temporary, symptomatie relief Subsequent x-rays show mcomplete reso-
lution as the acute process 1 followed by chronie suppuration Further study
of such a patient for signs of bronchial abstruetion are essential if the early
diagnosis of a bronchial tumor 1s to be made The development of a lung
abecess or bronchiectasis with a constant productive cough sometunes asso-
crated with hemoptysis 1s typical of a chronic obstruction due to 2 bronchral
neoplasm The abscess may result from a necrotic slough of the tumor or
from a necrotizing pneumonia behind the bronchial obstruction Chest pam
or a feeling of constriction of the chest 1s a symptom seen most constantly
1n bronchogeme carcinoma, although chest pain may be associated with a
benign tumor In rare mstanees the arthntic symptoms of pulmonary osteo-
arthropathy are seen m benign bronchopulmonary tumors, the degree of
symptoms being 1n no way relative to the size of the tumor Removal of the
tumor results 1n a dramatic reltef of the arthritic symptoms, often within a
few hours

Many benign tumors are symptomless or “silent,” detected on routine
143
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Fig 1—Bronchoscopue photogrphe of endobroneh  tumors (4) A granuloma obstruet-
g the fight m un bronchus The tamor was found at the site of repair of 4 fracture of the
bronchus mcurred 1n an automobile accudent {B) Suture seen within the bronchus follow-
1n¢ remonai of the granulomt (C) Inspirition, and (D) «xpr inion photographs of & tu-
berculous granuloma n the right lower lobe hronchts Thi~ chech-valv¢ phenomen  resulted
1n an obstruetive emphyema dirtil to the tumor (E) Papillomr on the floor of the nght
lower lobe bronchus The middle lobe orfice ts seen anterorly , the onfice of the superior
div1on of the lower lobe 1s Just provimal to the tumor (F} The lateral wall of the trachca
<howing the bony spuenlc~ of tracheopathia osteoplastica

15
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chest surveys or reported as cidental post-mortem observations The ap-
parent mereased meidence of such lesions recorded in the recent hiterature
15 due to recognition of the potential danger of malignancy in asymptomatic
x-ray shadows i the hng. Bronchoscopic or surgieal exploration shows
many of these silent lesions to be bemgn, but such a high percentage are
mahgnant that bronchoseopic and surgteal investigation of all is mdicated

There are two aspects to the pathology of the miscellaneous tracheo-
bronchial tumors; the histology of the tumor itself and the effect of the
tumor on the lung distal to the tumor.

INFLAADIATORY TuMORS

The mflammatory tumors constitute a relatively large group of tumors
found in the lower respiratory tract The simplest are the polyps and the
notispecific granulomas. The polyps are often associated with other evideice
of allergic disease while the nonspecific granulomas are usually secondary
to endogenous or exogenous foreign bodies The specific granulomas are -
tremely varied in their pathology and are almost always mtrabronchial
mantfestations of a systemic disease,

Endobronchial polyps are relatively uncommon The etiology is stsmc“ha}t
obscure, although chronie bronchopulimonary suppuration aud»asthmahc
bronchitis are often present mn patients found to have endobronehial polypo-
sis The histology 1s stmilar to that of nasal polyps, consisting of edematous
folds of mucosa with a respiratory type of epitheliun. There is a loose fibro-
vascular myxomatous stroma contaming blood vessels and a few Iympho-
eytes The polyps are more often single than multiple and 1f pedunculated
may cause a variable clinical picture with a shufting atelectasis depen(.lmg
on the branch bronchus they obstruct. Diagnosis is considered in any patient
with bronchial obstruction, but confirmed only on hstologic e,\‘umumur{n
of a bronchoscopically obtaned biopsy. Therapy consists of bronchoscopic
removal by forceps, bronchoscopic snare or coagulation, although if lung
destruction distal to the polyp 15 mreversible, resection of the segment or
Jobe would be indicated, Under these circumstances, the polyps may be in-
eluded 1 the resected tissue, but prior endoscopic removal may facthitate
dramage, thus improving the postoperative course. hey may

Nonspecific granulomas are common endobronchial tumors. They i~
surround and conceal broncholiths or asprated foreign bodies, M'w‘g'on
cluding a bronchus m a week or ten days after a forergn body afmmoi,nls
They may develop 1 the suture line of a resected bronchu‘s orat ‘t he p ol
of closure of a tracheotomy or a t hotomy. The br pie ;imlzm
of a granulomna from the region of a bronchotomy closure “sua"il:’;p;i;
the presence of one or more of the sutures that had been use}l Im e e
process The suture should be removed with forceps to permit ‘c‘;waid by
healing of a bronchus fractured by external trauma may be comp




Fig 1~Rronchoscopie photogriphs of <adobronelial tumors (8) A granulom obstruet-
102 the nght mamn bronelus The tumor was found at the site ot repur of a fracture of the
bronchus meurred 1 an antomolale aceident (131 Sutures seen withun the bronchus follon-
g removal of the grmulom: (C} In-pirition, and (D) expiration photographx of a tu-
Berenlous granuloma i the right lower lobe bronehus This chech-y ilve phenomena resulter
t an obatructine emphy~em1 istal to the tumot (E) Papillom on the floor of the right
tover lobe bronchus The muddle lobe onfice 15 scen antenorly — the orifice of the superior
dision of the lower lobe 15 just proximal to the tumor (F) The hiteral wall of the trachea
showng the bony spicules of tracheopathis osteoplastica
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the formation of granulomas necessitating frequent endoscopic remosal to
mantam 2 normal airway (fig 1A and B). Nonspeaific granulomas con-
tribute to the chronueity of a lung abscess by obstructing the lobar or soge
mental bronchus Jeading to the abscess. Removal of such granulomas facth-
tates endobronchial drainage and is an important aspect of the therapy of
lung abscess.

Specific Granulomas. Tuberculomas arc the commonest of the speeific
mflammatory tumors. These may follow the organization of granulation
tissues assoclated with the rupture of a hilar node into a bronchus, They also
occur during the cyele of healing of an ulcerative tuberculous process of the
bronchial wall. In etther ease, partial or total bronchial obstruetion nay
follow, with the findings of obstructive emphysema or atelectasis depend-
mgon the degree of bronchtal obstruction Figure 1C and D showns a tubercu-
loma of the right lower lobe bronchus during the two phases of respration,
demonstrating the mechanies of the check-valve phenomena Figure 2 shons
an atelectasis shown on bronchoscopy to have been caused by total bronchial
obstruetion due to a tuberculous granuloma, probably tissue from a ruptured
Iular node. Solitary tubereulomas may be found m the bronehus of adults
or children whose histories, x-rays and bronchoscopic findings suggest an
adenoma or bronchogenic careinoma. Sputum is not necessanly positive,
the final diagnosis bemg apparent only on istologie examination of the re-
sected tumor

Intrabronchral tumors due to Boeck's sarcoid have likewise been de-
seribed These masses have no charactenistic endoseopic appearance bt
lustologie diaghosis may be made from biopsy specimens Severe bl‘Ol"Chm‘
obstruction 1s relieved by forceps removal of tissue and systemie cortisone
therapy .

A rare speaific mflammatory tumer of the bronchus is 2 syp}uhltlc grant-
loma A positive serology and histologte exaimnation of resected tissue con-
firms the diagnosis, Total bronehoscopic renioval of obstructing tissue and
adequate antiluetic therapy are indicated

Other specific nflammatory tumors of the bronchus are these of lthlllO-
scleroma, and torula, actmomyeosts, blastomyeosis and other fungus infec-
tions The bronchial tumors caused by rhnoscleroma are commonly sectt
m patients from Central Europe, Mexico and Central Ameriea Tl\csc tum'or\s
are firm., nodular and usually are contmuations of the process in the k\m“)f
and upper respiratory tract The gross pathologie appearance C““;‘?‘:"h
rounded, rregular thickenings of the walls of the trachea and broncl! e
more discrete tumors superunposed on an uleerated, roughened surfacc{l by
nodular thickening of the walls of the arrway frequently c:\uscsl df:’:‘c‘“u"
asphyxia smee the process descends mnto the bronehs where obstr
cannot be rchieved by a trachcotomy.
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Fig 2—Atelectans of the nght middle and lower lobes due to totul obstruction of the
bronchus by a tuberculous granuloma Multiple areas of lung destruction are seen 1n the
atelectatic area

Both torula and actinomycosts may produce mtrabronehial tumors tn as-
with a bronchopulmenary sup ave process The diagnosis 1s
tablished by histol 1on of bronc Iiopsies and eareful
pralonged culture studies of aspirated secretions Tissue cultures for fungus
forms, and establishiment of pathogemeity through animal transfer are es-
sential eriterta of diagnosis Endobronchial resection provides draimnage al-
though resection of affected pulmonary tissue distal to the obstruction may
be necessary Extensive atelectasis, bronchiectasis and lung abscess often
complicates and obscures the true underlying hsease process
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AMYLOIW PsEupoTunMoRrs of THE TRACHEA AxD BRroncmr

Amyloid tissue masses are not true tumors, How ever, deposits of the mu-
copolysacchartde-protein complex which constitutes the amyloid masses give
the gross appearance and the mechanical effects of tumorous obstruction of
the airway and. therefore, are described here. A distinetion must be made
between those ¢ases i winch the amyloid depostts are part of a generalized
amylodosis and those in which the deposition of amyloid is localized with
no evidence of a generalized amylowd disease. The Jocalized amyloid deposits
m the trachea and bronchi can be divided into three groups degeneration
of a previous tumor, 1solated tumor-like formation, and a diffuse subepi-
thelal infiltration

Amyloid tuinors of the tracheobronchzal tree are rare. The rccognitmn' of
primary amyloid disease in the respiratory system may follow investigation
of hoarseness, or signs of resprratory obstruction, and the diagnos:s is made
on miicroscopic exammation of tissue removed by endoscopic bropsy Most
of the cases oceur after the fifth decade of hfe, and are more frequent 1
males than 1n females m the ratio of three to one The symptomatology 1
not charactenstic. The type and degree of symptows will depend on the
location and site of the mass; 1n some nstances, the tumor is an ineidental
finding at autopsy

Grossly, amyloid tumors are granular i appearance and are yellowish of
red-tmged 1 color. They have a vaxy translucent surface without uleera-
tion. In those mstances m which Congo red has been injected ngravenously
prior to visual exammation the material can be seen to have taken on 2
corresponding red coloration. The Iumitations of the tumor can thus be mori
easily determmed The systeme Congo red absorption is usually unah]eret
1 primary localized aylordosis smee the amount of amyloid tissue m these
nstances 1s comparatively small as compared with secondary amyloidosis.
A positive diagnosis of amyloxd tumor 1s made on the microscopic examing-
tron of tissues which have been sectioned and stained in the routine mammcj
with hematoaylin and eosin A regular mucosal surface encompasses round ‘
masses of varymg sizes composed of hyaline material, m the mterstlt‘f:S g’
whieh Jymphoeytes and plasma cells may be present. There may bea in'
epithelral mfiltration of a homogeneous hyaline substance fornn)l]lg ‘conw)th
trie layers with giant cell nfiltration, An involvement of the capt nr:esf o
this type of mfiltration has been described as well as myolvement ¢
mueous glands with replacement of the glands by amyloid "”‘“Es'] d de-

The most satisfactory treatment is surgical removal of thg nmy‘?li‘hm

postts. In most mstances endoscopic removal 1s adequate, Dﬂrm"’"ﬁr Y gy
the tumor 15 localized to o small arca If the lesion is diffuse, endo C"f,’mﬂ‘
moval should be done, taking as much of the tissu'e as ean be Oblgm(‘iciwd
forceps, snare or resectoscope 1f large areas of disease have to be e g
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the cut surfaces may have to be covered with a sk graft. Surgical removal
1s not as a rule followed by recurrence, although recurrence after partial re-
moval 1s possible. No instances of malignant change i amylowd tumors of
the trachea and bronehi have been reported The proguosis 1s, therefore, en-
tirely dependent on the situation and extent of the mass Due to the fact
that the tumor 1s m the awrway. the degree of respiratory obstruction deter-
mines the prognosis

Bexiex Xeorrastic TuMors

Liebow classifies neoplastic tumors of the bronchi as epithehal, mesoder-
mal and tumors of devel al ongin  Pamll and papillomatosis of
the bronchial tree 1s the only bemgn epithelial tumor considered Benign
mesodermal tumors consist of fibromas, lipomas, fibrolipomas, chondromas,
osteochondromas and granular cell myblastoma Hemartomas are listed
separately as tumors of developmental origin Fibromas, fibrelipoinas and
lipomas appear to be the most common bemgn tumors of the trachea and
bronchi and the papilloma next in order of mexlence

A fibroma of the bronchus 1s a slow-growing tumor that usually becomes
apparent through symptoms of bronchial obstruction, with wheezing, eough,
dyspnea, recurring pneumonia and atelectasts A persistence of atelectasis
results in lung destruction and bronel with this dary pathology
far outweighing the seriousness of the pathology of the tumor itself Bron-
choscopically, the tumnor 1s seen as a smooth, round, firm, pmk mass, some-
times nodular and usually pedunculated Purulent material from beyond
the tumor often prevents an accurate bronchoscopie evaluation on the first
exatnination, and repeated bronchoscopie aspirations may be required be-
fore a satisfactory biopsy can be obtamed Histologically, the tumor cousists
of closely packed spindle-shaped cells, some containmg constderable fatty
tissue These may be designated as fibrolipomas, differentiated from the fi-
bromas themselves only on histologie evidence

The therapy 15 determined by many factors Pedunculated fibromas may
be removed by bronchoscopic foreeps or snares Aceurate appheation of the
are and very slow closure of the snare wire around the base serves to re-
duce the possibihity of hemorrhage The use of a bronchoscopic resectoscope
and a combined cutting and coagulating current also provides an excellent
brouchoscopm means of removimg the tumor External surgery 1s mdicated
if the lesion has a long sessible base, when excision of the tumor through &
brm\chommy 18 more feasble In cases of long duration, when persistent
atelectasis has been followed by extensive bronchiectasis, or 1f there 15 a-ray
evidence of c‘tmbrunchml cxtension of the tumor, surgical ewnsmn of the
entire diseased area, by | Y or | Y. 18

Intrabronchial bipomas are relatn cly uncommon, bemgn fatty tumors
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usually seen in the major bronch: They are more often scen in men than in
wonen, and usually in the fifth and sixth decades. They produce respiratory
obstruction and the pulmonary changes secondary to long-standing bron-
chial obstruction The history 1s that of recurring wheezing and preumonia
with severe coughing spasms unaccompanied by hemoptysis The tumor is
soft, smooth, pale 1 color, often pedunculated and generally does not ex-
tend beyond the cartilagenous bronchial walls The diagnoss 1s established
bronchoscopically, as the round, smooth mass is seen obstructing the bron-
chial Jumen Bleeding on removal of tissue for biopsy Is not active as 1t
would be 1 an adenoma, a tumor with which it nught readily be confused,
grossly Histologically, the lipoma consists of lobules of mature fat cells
between which 1s interlaced a deltcate fibrous stroma. Lipomas apparcnt{y
anise from adipose tissue normally present in the submucosa Treatment‘ is
usually endoscopic since those tumors of climcal sigmficance are in the major
bronehi. A bronchoscopic snare may be used, with or without surgical dm.-
therny. or stmple forceps removal may suffice. If an upper lobe bronchus is
wvolved, an artificial pneumothorax brings this bronchus into direct align-
ment with the bronchoscope If lung destruction beyond the tumor has oc-
curred, lobectomy or pneumonectomy may be indicated. .
Papilloma of the trachea or bronchus 1s most frequently seen in mfants
and children as an extension of this tumor from the larynx The descent of
laryngeal papillomata mto the subglottic area 1s common, but, advancement
of the process to nvolve the trachea or bronchi is, fcrtu}]nte]y, less fre-
quently seen Isolated primary tracheal or bronchial papillomas are rare
and are seen most often n adults (fg. 1E). .
Histologieally the papilloma conssts of stalks of connective tissue on
which layers of stratified squamous epithellum are seen 1 deep folfls. h}nny
branches and folds repeat the structure, each with a central connective tlssl;,e
stalk. Extension of the papilloma from the larynx to thq trachea or bmr:crel
appears to be due to aspiration mmplants. The condition may be seve! .
around the tracheal bifurcation and in oceastonal cases the lesions prog{f}‘f
to the bronchi, bronchioles and into open cavities throughout the lungs. thz
diagnosis of fracheal and bronchial papillomatosis 13 obv10§l5 “’hclnr o
warty, cauliflowerlike growths are seen as an extension of a similar (31 Zed
geal process. In the chuld tracheotomized for laryngeal papilloma, con auch
chistress with wheezmg, obstructive emphysema and atelectasts n(ajdlcat:s-ls s
nartial or complete lower respiratory tract mvolven_wnt. The l?fs"l“ il
€5 as LILY Tt wes

th bronchi become
a and both i becon®

of repeated bronchoscopic removals of the ma}?s

i trache:
sion may ultimately cause asphyxia as the 8
obstructed by the tumors or by scar tissue. Resection of the trachea

reported.
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Chondromas and osteochondromas are cartil: and bony tumors
occasionally seen 1n the trachea and major bronchi They generally appear
as enlargements of existing tracheal or bronchial cartilages, but may be
completely separated from normal cartilagenous rings, surrounded by their
own capsule They are firm and when ossified may be glass-hard making ac-
curate bronchoscopie biopsy almost impossible They are very slow growing
and, therefore, are associated with extensive bronchopulmonary destruction
since they sometimes attain a relatively large size, both within and outside
of the bronchus They may cause asphyxia by obstruction of the trachea or
amajor bronchus The serious potential danger 1s the degeneration nto a
malignant sarcomatous form

The differentiation between a chondroma and a hamartoma 1s made his-
tologically, the chondroma contaming only cartilagenous tissue covered by
mucosa When intrabronehial and pedunculated, this tumor may be removed
by broneh. picsnare B h 1s necessary if the base 1ssessile When
the tumor 15 dumbell 1n shape or has caused bronchiectatic changes i the
periphery, resection of the affected seginents or lobes s indicated

Hamartomas are bronchial tumors of developmental origin and are often
classified with chondromas They contain cartilage. sometimes ossified con-
nective tissue, fat cells, smooth muscle fibers, bundles of epithelial cells and
often a conneetive tissue capsule Although bronchial elements other than
cartilage are present, they cannot be considered teratomas because only
bronchial elements are found and hamartomas contamn no tissue other than
those of bronchopulimenary origin They are gencrally seen in the periphery
of the lung as solitary, hard masses, less than 1 em 1n size, most often as -
cidental findings on -ray or post-mortem examination They are rarely
seen m children and are more common 1n men than i women m a ratto of
tno or three to one Hamartomas are most often “silent lesions™ and are
entirely symptomless, Qceasionally, howes er, they are found as large, round,
or lobulated hard masses up to 9 em 1 size When they compress or mvade
thc tmcheobrouchml tree the obstruction produces the associated broncho-

s of cough, wh g, dyspnea and chest pamn In their
chnical aspccts they smmlate chondromas and only careful histologie exami-
nation indicates the teue nature of the tumor Rare cases have been reparted
1 which the tumor 15 entirely mtrabronehial Oceastonally, hamartomas are
multiple or widespread and mvolve an entire lobe or lung. Therapy consists
of conservative surgieal resection In the rare mstance in which the tumor 1s
intrabronchial, rescction can be accomplished bronchoscopieally, and m some
cases, the d las been lished by bronch biopsy of an m-
trabronchial extension of the tumor

Tracheopathia osteoplastica 1s a rare condition of the tracheal and bron-
chial cartilages consisting of multiple small, bony-hard projections nto the
tracheal lumen The proy £ masses are ered and mvolse only
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usually seen i the major bronchi. They are more often seen in men than m
wotnen. and usually m the fifth and sixth decades They produce respiratory
obstruction and the pulmonary changes secondary to long-standing bron-
chial obstruction. The history 1s that of recurring wheezing and pneumoma
with severe conghmg spasms panied by b ptysis The tumor 15
soft, suiooth, pale in color, often pedunculated and generally does not ex-
tend beyond the cartilagenous bronchial walls, The daagnosis is established
bronehoscopically, as the round, smooth mass is seen obstructing the bron-
clial lumen Bleeding on removal of tissue for biopsy is not active as 1t
would be in an adenoina, & tumor with which it might readily be confused,
grossly Histologically, the Iipoma consists of lobules of mature fat cells
between which 15 interlaced a delicate fibrous stroma Lipomas apparently
anse from adipose tissue normally present m the submueosa. Treatment 15
usually endoscopic since those tumors of elinieal significance are in the major
bronch1. A bronchoscopic share may be used, with or without surgieal dl%'
thermy., or simple forceps removal may suffice. If an upper Jobe bronehus is
involved, an artificial pneumothorax brings this bronchus into drect align-
ment with the bronchoscope. If lung destruction beyond the tumor has oc-
curred, lobectomy or pneumonectomy may be indicated. .
Papilloma of the trachea or bronchus is most frequently seen in mfants
and children as an extension of this tumor from the larynx The descent of
laryngeal papillomata into the subglottic area is common, but. advancement
of the process to mivolve the trachea or bronchi is, fortunately, less fre-
quently seen. Isolated primary tracheal or bronchial papillomas are rare
and are seen most often m adults (fig 1E). N
Histologieally the paplloma consists of stalks of connective hssu[e on
which layers of stratified squamous epithelium are seen in deep folfis- Many
branches and folds repeat the structure, each with a central connective nss;el
stalk, Extension of the papilloma from the larynx to the trachea or brclvlc "
appears to be due to aspiration mmplants The condition may be s"‘”ss
around the tracheal lifurcation and 1 oceasional eases the lesions prog’}(l‘ X
to the bronchi, bronchioles and mto open cavities throughout the lurlllgs‘ !}:e
diagnosis of tracheal and bronchial pnpi]lonmtosis. 35 obvious W clnryn-
warty, caulifiowerlike growths are seen as an cxtension of a similar ﬁf; o
geal process In the child tracheotomuzed for laryngeal I!ﬂD‘"O““‘vd?"a“w Sach
distress with w heezing, obstructive emphysema and atelectasts mdte e
partial or complete Jower respiratory tract ‘"""1."9“‘9"," The fmé]“ W
established by bronchoscopic biopsy; only the histologic examina c?msiﬂs
differentiate this leston from a malignant verrueous tumor. Thcmll’)yt exten-
of repeated bronchoscopic removals of the masses as thc}; T;Cu:“chl: becoltie
ston may ultuately cause asphyxia as the trachea and both mhcn hhas been
obstructed by the tumors or by sear tissue Resection of the trac

reported.
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strate the charactenistic bony spicules X-rays show the wrregular, bony tra-
cheal walls and planograms (fig 3) elanfy the diagnosis The bronchoscopic
pieture 1s most startling (fig 1F) The tracheal surfaces except for the pos-
terior wall consist of a mass of wrregular, hard, mucosa-covered projections
that cannot be removed by any of the commonly used biopsy forceps The
walls are hard and thick and encroachment on the Iumen may be severe
enough to embarrass respiration Serum calerum studies show no abnormal
calerum metabolism, and x-rays of all body structures show no unusual cal-
crum deposits elsewhere There 1s no known therapy other than supportive
measures designed to improve bronchial drainage Expectorants and the use
of antibiotics 1f obstruction has caused a pneumonitis are mdicated When
dyspnea s severe, the foremg of a bronchoscope through the obstructed tra-
cheal lumen 1s virtually the only therapy of any assistance Mechanically
fracturing and removing those masses causing the greatest obstruction s
accomphished by this procedure

Hemangiomas imvolving the trachea are seen m mfants generally as part
of an extensive or multzple hemanglomatous process that involves the face
and the buccal mucosa The elevation of the soft, dark red tissue 15 apparent
on the laryngeal and tracheal mueosa and 1t may cause severe stridor and
respiratory obstruction The lesion 1s most commonly seen 1n the subglottic
area, and tracheotomy of a newborn may be necessary because of the ob-
struction Irradiation mn this area should be admnustered with great caution
because dosage adequate to destroy the tumor may hkewise destroy the po-
tential growth of the laryns, resulting m severe chronic Jaryngeal stenosis

Myomas Bemgn muscle tumors withm the bronchus are exceedmgly
rare, but have been encountered on bronchoseopic exanunation made to de-
termme the etiology of a brenchial obstruction Other myomas have been
detected when a routme survey chest film has revealed a “silent lesion” and
the subsequent bronchoseopic or external surgieal exploration has demon-
strated the nature of the tumor. Endoscopic resection 15 effective f the tumor
1s entirely endobronehial, but if planograms or heavy density films show ex-
trabronchaal tumor density, scgmental resection or lobectomy 1s mdcated

Marieyant Neopuastic Tunors (OTHER THAN
BroNcHOGENIC CARCINOMA)

Tumors of a malignant character other than bronchogenic carcinoma
eonstitute a relatively large group of muscellaneous tracheobronchial tu-
mors Those that are primary 1n the trachea and bronchi are the sarcomas,
the malignant counterparts of the benign tumors deseribed, fibrosarcoma,
nyosarcoma, ete, Others, such as lymphosarcoma and Hodgkin’s Disease
are intrabronchial manifestations of systemic tumors, A third group consists
of mtrabronchial metastatic tumors which apparently have been see(.]_csd‘
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the lateral and anterior walls smce they originate from the cartilagenous
rings. Therr etiology 1s obscure although it has been suggested that they
are the result of the deposition of multiple anomalous anlage of cartilagenous
tissue 1 the tracheal mucosa.

Chnieally, this lesion may be an incidental finding on x-ray or at post-
mortem study. Occasionally, symptoms of wheezing, cough, hemoptysis and
gradually mereasing dyspnea lead to bronchoscopie studies which demon-

: <tien The
Fiz 3—Planogram of the trachea of a patient with trcheopathts osteoplastiet

caletfied 1rregulanties and the tracheal stenosis are seen.



CHAPTER 12

Mediastinal Tumors
By HAROLD A LYONS, MD.

AN EXTRAORDINARY VARIETY OF IMPORTANT STRUCTURES lie 1n the mediasti-
num  the heart 1tself, the great arteries and veins, the princrpal lymph chan-
nels and their many lymph nodes, segmental sympathetic and parasympa-
thetic nerves, air passages (the trachea and mam bronchi), the esophagus,
glands of internal secretion (the thymus and often the thyroid and parathy-
rouds) Any one of these diverse tissues may give nise to a pathologic medias-
tinal mass

The mediastinum 1s also an area for faulty embryogenesis It 1s 1n this
area that the bronchial arteries unite, that the pulinonary buds arise, which
m their turn branch and subdivide nto the bronehial tree, the foregut dif-
ferentiates, and the tubular heart undergoes 1ts rotation and divisions Here,
t0o, the pleural and pericardial sacs are formed, and the formation of the
diaphragm occurs These formattons, when faulty, may lead to cysts, or
solid tumnors of aberrant tissue

Because the mediastinum s a rich and central area for lymphatie dramage,
1t 13 frequently the site of lesions orginating elsewhere, for example, (1)

direct mvading bronel car (2) metastases from careimoma of
the lungs or the abdommal organs, (3) mflammatory diseases, especially
granulomas, or (4) the generalized disorders such as lymphobl. De-

fects of the draphragm or its openmngs may have protrusions of mtestmal
organs or omentum Joeated m the mediastinum Effusions or empyemas,
may be present within the mediastimum or intmmately connected with it
Vertebral disease and scolioss distort the mediastmum Occasionally, a her-
nration of the lung across the mediastinum may give the impression of a
mediastinal cyst Malformations and aneurysms of the great vessels may
prea ~~ . s v s e .

ra
countered 1n the mediastmum Their differential diagnosis embraces vir-
tually every endothoracic disorder An accurate history and complete physi-
eal exanunation are necessary

The mereasing utilization of chest roentgenography as a result of mass
X-ray surteys for the dhscovery of pulmonary tubereulosis, routine admission
chest fitms m hospitals preinduetion and annual physieal exammation chest
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CHAPTER 12

Mediastinal Tumors
By HAROLD A LYONS, M D

AN EXTRAORDINARY VARIETY OF IMPORTANT STRUCTURES lie m the mediast:-
num the heart itself, the great arteries and veins, the principal lymph chan-
nels and their many lymph nodes, segmental sympathetic and parasympa-
thetic nerves, air passages (the trachea and mamn bronehn), the esophagus,
glands of internal secretion (the thymus and often the thyroxd and parathy-
roids) Any one of these diverse tissues may give rise to a pathologic medias-
tinal mass

The mediastinum 1s also an area for faulty embryogenesis It 15 1 this
area that the bronchial arteries unite, that the pulmonary buds arise, which
m therr turn branch and subdivide mnto the bronchial tree, the foregut dif-
ferentiates, and the tubular heart undergoes its rotation and divisions Here,
too, the pleural and pereardial sacs are formed, and the formation of the
daphragm occurs These formations, when faulty, may lead to cysts, or
solid tumors of aberrant tissue

Because the mediastinum 1s a rich and central area for lymphatie drawnage,
1t 1s frequently the site of lesions oniginating elsewhere, for example, (1)
direct invading bronchogenie carcinomas, (2) metastases from caremoma of
the lungs or the abdominal organs, (3) mfl diseases,
granulomas, or (4) the generalized disorders such as lymphoblastomas De-
fects of the diapheagm or 1ts openings may have protrusions of intestinal
organs or omentum located in the mediastmum Effusions, or empyemas,
may be present within the mediastinum or intunately connected with 1t
Vertebral disease and scolioss distort the mediastinum  Occastonally, a her-
nation of the lung across the mediastinum may give the mpression of a
mediastinal cyst Malformations and aneurysms of the great vessels may
produce mediastinal masses which may be thought to be a tumor

Abnormal masses of the type deseribed above can no longer be considered
rare or even uncommmon An almost endless variety of lessons hayve been en-
countered mn the mediastinuin Their differential diagnosis embraces vir-
tually every endothoracic cisorder An accurate history and complete physi-
2l examination are necessary

The mercasing utilization of chest rocntgenogmphy as a result of masg
X-ray surveys for the disecovery of pull -y tuberculosis, routime ad
chest films jn hospitals, preinduetion and annual physteal examination chest

157




158 DIAGNOSIS AND TREATMENT OF TUMORS OF THE CHEST

roentgenograms by the military services, the pre-employment filins in in-
dustry, and the widespread policy of making a chest x-ray study a part of
the study of any patient, has ncreased greatly the number of medastmnal
Jesions seen by physicians,

The discovery of a mass belteved to be in the mediastinum mmedrately
rases several questions. Is 1t withm the pulmonary parenchyima, or in the
pleural space? Is it probable that the mass represents a benign tumor or a
malignancy? Is the lesion one amenable to surgery, other therapy, or nei-
ther? To answer these queries requires other investigations, a good lateral
film, and, 1f necessary, oblique roentgenograms are needed The position of
a tumor m the mediastmum 1s the best gurde toits identity (fig 1) Radro-
logie sereening 1s indispensable for the mobility, change in size with respira-
tion and pulsations. Confirmatory evidence of serologic tests and charae-
tenstic physical signs are needed for further information. Kymography for
pulsations, t phy and liography are important studies for
position, for mvolvement and the degree of the mvolvement of proximal
structures. Barium swallows should never be omtted lest esophageal lesions,
diaphragmatic hernias or pressure effects on the esophagus be unknowa.
Bronchoscopy 1s an essential diagnostie procedure (sce table 1). X

An orderly mvestigation of mediastmal masses employing those examina-
tions which appear to be idicated will enable one to verify the mediastmal
position of the mass in almost every case, and 1t will usually give sulﬁclel}l
mformation for the proper management of the individual patient. Two di-
agnostic procedures, (1) the scalene node biopsy, and (2) angiocardiography,
are most helpful Scalene node bropsy yields a significantly high percentage

LYMPHOID FUMOR
GRANULOMAS

GANGLIONEUROMA
THYMONA 2 NEUROFIERONA

BRONGHIAL CYST

TERATODERMOID.
ENTERCGENOUS
crsT

PERICARDIAL
crst
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TastF 1—Diagnostic Procedures

‘Roentgenographic Studies. Surgical Procedures Miscellancous.
1 Posterior antenior stereoseo- | 1 Bronchoscopy 1 Shin tests for specific gran-
pic and lateral chest roent- { 2 Sealenc node biopsyt ulomas
genograme 3 Buopsy 2 Sputum studres for organ-
2 Fluoroseopy* Abnormal nodes 1sms and malignant cells*
3 Potter-Bucky grid films Liver 3 Tracer dose of radioactive
4 Supervoltage roentgenograms Pleura 10dime
5 Tomograms Other tissues 4 Sht lamp examination for
6 Csophagrams 4 Thoracotomy t earcord granuloma
7 Kymograms 5 Thoracentesis 5 Bone marrow studies
8 Angiocardiogramst
9 Retrograde angiograms
10 Banum visushzation of gas-
trosntestinal tract
11 Bronchograms
12 Myelograms
13 Diagnostic  pneumothoras
and pneumoperitoncum

* This diagnostic study i3 most valuable and may often detect a tumor vaguely seen by
other methods It will also show charactenstic helpful signs

1 The most defimitive and valuable special procedures, often precluding further examtna-
tion

of posmve diagnosis to warrant 1ts routine use Its greatest value has been
n lymph certain 1 and med 1 or pul y tumors
Angrocardiography has reduced the numbcr of mstances m which thomcot-
omy would be necessary for the dragnosis of a noncorrectible vaseular lesion
Aneurysms, coaretation and cardiac abnormalitres resembling mediastmal
neoplasis have been differentiated by the procedure Tt has also aided m
clearly definmg the relations of tumors to the adjacent cardiovaseular strue-
tures In this manner, an estimate of operabihity of a given tumor, and plan
for the surgical approach can be made It 1s safe to state that one of the most
deeisive factors 1n the successful extirpation of a mediastinal tumor 1s its
separation from the large vessels or parts of the heart with which 1t may
be m mtimate contaet, 1t is here that angiocardiography provides a safe-
guard for the operation

If the diagnostic studies fail to establish a specific duagnosis, exploratory
thoracotomy should be undertaken Procrastination does not serve the best
wterests of the patient

The clinteal mamifestations and radiologie appearance can give an accurate
diagnosis m at least 80 per cent of the mechastmal lesions The location, defi-
nition m size shape and relative density of the roentgenographic shadow,
the presence of air bone and caleifieation ave of great diagnostic significance
Destruction of bone implies mahgnancy However, benign tumors of nervous
orign and aneurysins may show compression erosion of bone,
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TaBLE 2—Location of Tumors and Cysts 1n the Mediastinum®

Anterror Postenor uper Middle Mediasy
Thymoma Neunilemmoma Goter Bronchogenc eyst
Teratoma N Bronch eyst | Lymphomas
Gorter Ganghoneuroma Parathyrotd adenoms) Pericardral eyst
Parathyroid adenoma | Sympathicoblastoma | Myvoma Plasma cell myeloma
Lymph Fit Lymph
Lipomas Lymphomas
Fibroma Gorter
L Xanthofib
Hemangioma Gastroenteric cyst
Chond Chond
Thyme cyst Myxoma
Tthabd. 2

Paraganglioma

* Schlumberger, H G Tumors of the Mediastmum, Atlas of Tumor Pathology, Sect V
Fascuale 18 Washington, D €, Armed Forees Institute of Pathology, 1051

Published reports do not show the true frequency of a given tumor en-
countered at operation or autopsy, but the relative inctdence and location
of tumors and cysts of the mediastinum are given m figure 1 and Tables 2
and 3. Table 2 lists the location and order of occurrence of meduastinal tu-
mors encountered by Schlumberg at the Armed Forces Institute of Pathol-
ogy Table 3 shows the ineidence of mediastinal tumors encouritered by the
author listed according to baste type.

TaBLE 3—Incidence of Mediastinal Tumors Grouped Under Basie Types
Total Ko of
Each T

Basic Type No of Cases
crsTs
Thymic 12
Bronchogente 2
Gastroenterogeneous 2
Pericardil 2 ©
Lymphangntic 1
HER\IAS, DIVERTICULA, ACHALASIAS
Hernsas
Hiatus (esophageal-gastric) 16
Morgagnt 4
Traumatie 3
Bochadalek 1
Duerticula
Traction 4
Pharyngeal-esophageal 13 »

Achalastas —




MEDIASTINAL TUMORS 161

Tasre 3—Conlinued

Basic Type No of Cases Toul N of

Each Type
VASCULAR
Aneurysms
Great ves<els 26
Innomnate artery 3
Pulmonary artery 2
Cardiae 5 36
Anomalies
Dilated tortuous subelavian artery 20
Coaretation of aorta 5
Tortuous aorta 3
Tught sided sortic arch 2
(broncho-pericartial vessel) varices 1
Great vessels (di Gughelmo type) 1 32
Neoplasme
Cardiae metastates 14
Hemangiora-~Left ventricle 1 15
NEOPLASM
Malignant Lymphoma
Hodgkns 146
Lymphocytoma 40
Reticulum cell sarcoma 8
Ly mphatie leukemia 5
Follicular lymphoma 4 202
Teratoma and dermoid 35
Thymama 26
Neurogenic 15
“Bronchogeme’ eareinoma %
Mesenehy mal 5
Metastatic H 43
INFLAMMATION
Boeck’s sarcard 160
Hitoplasmosts 5
Tuberculoms 43
Coccrdiondamy cosis 7
Infectious mononucleosis 7
Lymph node hy perplasia 3 k2]
MISCELLANEOUS
Goter 20
Traumatic bematoma, 5
Mediastimus 3
Medhastinal effusion 3
Grand Total 7

*Lyons, I A, Calvy, G, and Salmon, W Mediastinal mases Aon Int Med (n publi-
cation)



Fig 2—(A) The frontal chest roentgenogram of a 38 year old white male who hid no
svmptoms, but showed this rounded mass 1n the aortte knob area on an annual physteal v-ray
examination (B) The lateral chewt radiogram shows it located m the posterior mediastinum
On surgieal remoyal thiswas a L 1t has the ck tie of a tumor,
dense 1n nature, sharp and round and m the postenor mediastinum

Lymphomas
These tumnors are described m detail in Chapter 13 Lymphomas are how-
ever the most frequent neoplasms of the mediastmum, and enter into the

differential diagnosis frequently

Neurogemc Tumors

For an abnormal mediastinal mass to suggest a neurogenic tumor requires
that 1t be located m the posterior medrmastmum, be a dense shadow, sharp
and round m character (fig 2A and B).

When a ganghoneuroma 1s present m the vertebral groove, 1t may present
a spindle-shaped density on the roentgenogram of the chest. Rarely, neuro-
genie tumors may become so large as to present in the superior or posterior,
mddle and antertor medastinum (fig. 3.A and B). When they give ths ra'dlo‘
logic appearance, they simulate thyroid or bronchogenic cysts Large-sized

tumors may suggest bronchogenc carcinoma, especially in the older patient
Like other liastinal masses, se tumors may be located behmd
the heart and appear mdistinetly on routine chest films. ;

The neurogenic tumors are the most frequent neoplasms of the "wdl?:l[e
1 h

num, 1f lymphomas are excluded. They are classified s: neur .
most common), neurofibroma, ganglioneuroma, sympathicoblastoma, par?

- ilem-
ganglioma, pheochromocytoma and malignant sohsanoma. The neuriler
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Fig 3—Another example of a 15 seen 1 this chest roentgenogram (A)
This however on the lateral film {B) was found n the middle medastinum Biopsy of a
skin nodule showed a penpheral neurofibroma On remon al this mediastinal mass was found
to be a neurofibroma of the nght vague nerve

moma takes ongn tn the sheath of the nerve These tumors are usually well
encapsulated and spherical They are loosely attached to the adventitia of
the aorta, but are firmly adherent to the paravertebral tissues At times, such
tumors may arise from nerve roots withm the spinal canal, grow through the
intervertebral foramma and continue to merease m size withm the mediasti-
num Such tumors, because of their shape, have been deseribed as “dumb-
bell” or “hourglass” tumors Enlargement of the vertebral foramina m asso-
aation with a mediastinal density 15 a helpful roentgenographic sign for
diagnosts.

The neurofibroma has the same charaeteristics It 1s distinguished histo-
logically by having all the elements of a nerve trunk, mstead of only sheath
cells Sheath cells are the predominant type. but an orderly arrangement of
the cells as found n the neurilemmonma 1s lackmg This finding 1s the main
dstingwshing feature

Ganglioneuromas oceur more frequently in the posterior mediastinum
than elsewhere m the body These tumors are relatively uncommon They
may attam a large size, present “hourglass” features and cause pressure on
the spinal cord Histologic examunation shows ganghon cells and satellite
cells in a “rosette” formation They are mvasive in nature and for this rea-

son, among others, are thought 1 t Stout has classified
the i} as (1) fully 1ated tumors that do not metasta-
s1ze, (2) partly differentiated, m which diffi 1ated and undifferentiated

eells are mixed together, and which occasionally metastasize, (3) tumors
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contaming both nodules of fully differentiated ganghoneuroma and nodules
of sympathicoblastoma and which metastasize in the majority of instances
This type of tumor oceurs in young people, whereas most neurob’]qstomas are
found i adults

Sympathicoblastoms is an embryonal tumor. This neurogenie tumor
also occurs 1n the posterior mediastmuim, Tt is usually found in young chil-
dren, rarely in adults. Metastases develop early and involve bone, Jymph
nodes, liver and lungs,

Paraganglioma and pheochromocytoma are tumors originating from
chromaffin cells All are rare; one paraganglioma and four mediastinal pheo-
chromocytomas have been reported. The pheochromoeytomas give similar
clnieal features with hypertensive episodes like those tumors found mn the
adrenals. Aortic body tumors are mentioned to complete the Iist of neuro-
genic tumors, but they are most rare. .

Malignant schwanoma also occurs in the posterior mediastinum ’I"}{IS
tumor 1s composed of Schwann cells; 1t does metastasize, Rarely, the origin
will be 1 peripheral nerves or the vagus nerve. Byron has reported a neuro-
fibroma of the vagus and one has been encountered in a personal series of
mediastinal tumors (see fig 3)

The majority of neurogeme tumors are benign, and after removal, survival
and lack of recurrence 1s the general rule.

Teratodermods
The usual location of these tumors 1s m the anterior mediastinum (stfe
figure 1). It 1s the most commeon anterior mediastmnal timor, Tl.ley deserve
the first consideration when an abnormal roentgenographic dcn§ﬂy appears
m the anterior mediastinum, Their embryologic origin results in their an-
teror location m front of the pericardium and the great vessels. This xn!:{-
mate relation adds to the hazard of thetr surgical removal Two cases local(’,
1n the posterior medustitum were seett and three reports have been made
of locations other than the anteror mechastinum, These mstances are rare
events !
The distimction between teratomas and dermords have been made g“y_
some authors This classification nto two groups appears to be mt’hu‘;hl -
cult because there are gradations between the SO.-cchd‘ dermm(: oy :;nulc‘
by epidermis with 1ts appendages, often ncluding hair, :lnd]t'le ()fp(he
teratomas whieh are composed of dentvations of all the germ lay (':s»t O the
entire group, at least 00 per cent are bemgn; tl{e other 10 pcrl cc(";Xd e
teratodermotds with the more complex histologic features and s
are malignant. . ¢
Th:- ocgcurrouce is equal for the sexes. Teratodermoids are mo:‘;irfgusg‘e
1 children and young adults The teratodermoids tend to increas
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during adolescence and early adult life, and because there is little room for
them to expand between 2 rigid sternum 1 front and the pereardium be-
hind, they frequently cause symptoms resulting from pressure. Dyspnea,
palpitations and substernal pamn arc common These complamts may be
progressive, or a silent pertod may follow, or agam all symptoms may have
been absent

Infection 15 a common complication which may cause symptoms not pre-
viously present Malaise and fever are symptoms whose origin may be un-
recognized If the infection causes rupture mto the bronchus, the pleural
space ot the pericardum, a grave situation will result On occaston, a bron-
chial fistula 1s produced, expectoration of sebaceous material and hair sig-
nals this occurrence and indicates the diagnosis Hemorrhage into the pleural
space or the pericardium are other sertous complications,

Diserepancy between subjective symptoms and the ohjective finding of
an anterior mediastmal mass suggests the diagnosis of teratodermord The
presence of caleified teeth or bone mn the mass 1s almost specific The pres-
ence of atelectasis, pneumonitis and pleural effusion may partially or totally
obscure the radiologic visualization of the dermoid It has been reported as
an intrapericardial tumor which creates even greater difficulty for diagnos:s

If senal chest roentgenograms show a rapid rate of growth, the tumor 1s
almost certainly mahgnant, but a sudden mnerease m size within a few days
15 usually duc to hemorrhage and infection The recognition of satellite
spheroid densities on the chest roentgenogram 1s mvanably s finding asso-
ciated with mahgnant teratodermoids

Pencardal Coelonue Cysts

These cysts are not uncommon Abnormalities of the development at the
tune of formation of the prumitive draphragin are considered the origm
They are situated anteriorly, and often near the cardiophrenic angle Three-
fourths of them are found on the right side They are frequently difficult to
differentiate from other anterior masses They are thin-walled eysts con-
tamng clear fluid and lined by a single layer of endothelial eells Because
of the erystal clear fluid they have been called “spring water cysts " Some
are attached by a pediele to the pericardium This type 1s often moyvable
and changes location One has been described m the upper mediastinum
with a long pedicle attached to the usual place on the pericardium Diver-
ticula of the perscardium are related and give the same roentgenographic
appearance Usually they cause no symptoms bemng but a radiologie finding;
however, large eysts by pressure may cause dyspnea Oceasionally, they be-
come mfected, they may resemble a diaphragmatic hernta Sinee they are
difficult to differentiate from other masses occuning mn the mediastmum,
therr removal 1s recommended (see figs 4 and 5).
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Fig 4—The posterior-anterior film of 4 20 ¥ear old male who was fouad to hne a0
wregulanty of the left cardiac border The lateral film did not show any abnormalities On
removal this was found to be a penicardial eyst containing clear “spring water” flud

N)
M e e s N
Fig 5—(A and B) A typreal radilogic appearance for a pericardial eyst in & young
male patient The most common location is at the nght side
166
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Thymomas

Thymomas may be solid tumors, benign or malignant They are usually
highly mvasive tumors but may be encapsulated Recurrence 1s not uncora-
mon even with tumors thought to be completely removed Although 1t 1s
thought the thymic cyst 1s rare, almost one-half of the thymomas seen by
the author were cysts In the thyimie cyst, hemorrhage 1s common and causes
sudden enlargement with the production of symptoms

In malignant thymotnas, symptoms are usually prommnent. fever, sub-
sternal pam, cough and weight loss Patients with these and other antertor
mediastinal tumors may complain of angmna, and have electrocardiographic
changes sunulating a myocardtal mfarction due to mterposition of tumor
between chest wall and heart

On the plain frontal roentgenogram of the chest the tumor 1s obscured by
the sternal shadow unlessit s very large It may then appear as a lobulated
mass on one or both sides of the mediastinum The lateral film will usually
show a density Iymng between the sternum and upper mediastinum (figs.
6-8) Tomography will be of further help Angocardiography 1s of distinct
aid 1n showmg the location, extent and vascular mvasion present. It also
rules out an aneurysim In contrast to retrosternal goiters, the convexity of
the upper pole of the tumor 1s vistble on the x-ray examination and does not
move upward on swallowing Thymomas are not palpable in the neck

There are two elimeal presentations in disorders of the thymus gland,
which need discussion Myasthenia gravis has not personally been seen, This
181 keeping with the observation that 85 per cent of the patients with myas-
thenia gravis exhibit no discermble abnormality in the thymus gland Symp-
toms may not appear for years after the detection of the tumer This may be
the reason that myasthetia gravis 1s not noted in most patients Although
some surgeons believe that removal of the tumor will reheve the myasthenia,
consistent results have not been obtatned, m fact some reports have stated
that symptoms have 1n fact become worse and uncontrollable For the myas-
thenic patient the use of raciation therapy before surgery has been stated
to give better results

The other climeal state associated with thymoma has been reported a
number of times .\ severe anemia with an arcgenerative or aplastic marrow
has been noted which becomes completely corrected after removal of the
tumor, This very fascmating assoctation has not heen fully explamed

All thymomas should be regarded as malignant tumors and therefore
should be removed carly after their discovery. Preoperative raciation s
recommended by some, and certamnly postoperatnely if a thymoma 1s dis-
covered at operation When myasthenia gravis is present, higher dosages of
neostigmine should be g en preoperatinely and muscle paraly zants avoided
for operation Postoperative care must be serupulous and neostignune re-
quirements constantly estmated
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. Fig 4—The posterior-antersor film of a 20 year old male who was found to have an
irregutanty of the left cardiac border The lateral film did not show any abnormahties On
removal this was found to be a pericardial eyst contamng clear “spring water” flud.
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Thymomas

Thymomas may be solid tumors, benign or malignant They are usually
highly mvasive tumors but may be encapsulated. Recurrence 1s not uncom-
mon even with tumers thought to be completely removed Although 1t 15
thought the thymic eyst 1s rare, alinost one-half of the thymomas scen by
the author were eysts In the thymie cyst, hemorrhage ts common and causes
sudden enlargement with the production of symptoms

In mahgnant thymomas, symptoms are usually promment fever, sub-
sternal pain, cough and weight loss Patients with these and other anterior
mediastinal tumors may complain of angina, and have electrocardiographic
changes simulating a myocardial infaretion due to mterposition of tumor
between chest wall and heart

On the plam frontal roentgenogram of the chest the tumor 15 obscured by
the sternal shadow unless 1t 1s very large It may then appear as a lobulated
mass on one or both sides of the mediastinum The lateral film will usually
show a density Iying between the sternum and upper mediastinum (figs
6-8) Tomography will be of further help Angiocardiography 1s of distinet
ard m showing the location, extent and vascular mvasion present It also
rules out an aneurysm In contrast to retrosternal goiters, the convexity of
the upper pole of the tumor s visible on the x-ray exammnation and does not
move upward on swallowing Thymomas are not palpable 1n the neck

There are two clinical presentations m disorders of the thymus gland,
which need discussion Myasthenia gravis has not personally been seen This
151n keeping with the observation that 85 per cent of the patients with myas-
thenia gras1s exhibit no discernible abnormality in the thymus gland Symp-
toms may not appear for years after the detection of the tumor This may be
the reason that myasthenia gravis 1s not noted 1n most patients Although
some surgeons believe that removal of the tumor will relieve the myasthenia,
conststent results have not been obtained, in fact some reports have stated
that symptoms have in fact become worse and uncontrollable For the myas-
thenze patient, the use of radiation therapy before surgery has been stated
to give better results

The other clinteal state associated with thymoma has been reported a
number of tunes A severe anemta with an aregenerative or aplastic marrow
has been noted which becomes completely corrected after removal of the
tumor This very fascinating association has not been fully explamed

All thymomas should be regarded as malignant tumors and therefore
should be removed early after their discovery Preoperative radiation 1s
recommender! by some, and certainly postoperatively 1f a thymoma 15 dis-
covered at operation When myasthenia gravis 1s present, higher dosages of
neostigmine should be given preoperatively and muscle paralyzants avoided
for operation Postoperative care must be scrupulous and neostigmine re-
quirements constantly estimated
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Fig 6—A thymoma pro:cn‘tlr;g maialy 1n the left side of the upper medmstinum m a 32
year old male patient

Intrathoracic Goiters
Aberrant location of the thyroid gland 15 not an uncommon cause for an
upper mediastinal mass An ineidence of 08 per cent of t}'xe satrathoracie
location of 11,800 thyroidectomtres has been reported by Cn]e: . i
Intrathoracic gorter is a common tumor of the anterior nfedlastmum :H]l
15 found 1n the upper portion A eolloid goiter needs only to increase sllght(}’
in size to become partly or wholly retrosternal in locatton. Seven to t‘;cilhz’
per cent of all cervieal goiters operated on extend to or are just bene{xé ld e
sternum Some gorters disappear spontaneously and are later identific ;
the thorax The totally mtrathoracie gorter, which cannot be felt 1n !hcm“f ‘
1s much rarer than the partally intrathoracie goiter. Very rarely 'hef"t’h;
which disappears from the neck may suddenly come back nto view;
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Fig 7—(A and B) A thymie tumor situated in the .mtenor upper mediastinum

here were

There were no myasthenic

aated with the tumor

"vr“'

. L

#,

163

pressure symptoms asso-

Fiz 8—The frontal view
of the roentgenogram in 20
vear old white male There
were marked symptoms of
dyspnea, chest pan, fever
and loss of weight This
proved to be s malignant
thymoma
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mteresting finding has been termed “plunging” or “bobbing” goiter. If the
gotter is not palpable by the classic maneuver of swallowing with head
shightly flexed forward, then the performance of the Valsalva maneuver may
pop 1t back into the neck Patients suffering with this form of goiter use this
method to reheve themselves of pressure symptoms,

Although most intrathoracic goters do not produce symptoms, substernal
distress, dyspnea and respiatory embarrassment do oceur. Characteristic
frightening spells of coughing from the pressure on the trachea are a chief
symptom, Distension of cervical veins may be noted when mediastinal com-
pression 15 present.

The roentgenogram of the chest will show the abnormal density in the
upper mediastinum, and the trachea is usually displaced to one side or the
other The trachea 1s also narrowed and flattened from in front in the se-
verer forms of pressure (figs. 9-11) The thoracic outlet at this poin‘t 18
himited and rigid and pressure is common. The roentgenographic examina-
tion during a Valsalva maneuver may d rate the disappearance of the
mass from the mediastinum.

If a palpable goiter in the neck or a previous thyroidectomy scar are ab-
sent, palpation 1n the suprasternal notch or supraclavicular fossae of a retro-
sternal mass on swallowing or deep msprration, upward movement of the
mass on swallowing, the presentation of a mass on the roentgenogram w.nh
2 sharp canvex edge but poor definition of 1ts upper pole, radioactive 1odine
uptake over the mass, the presence of patchy calcification withx.n the mass,
are all helpful clineal signs. A seintillatogram may be negative if the gland
1s nonfunctioning. Although these diagnostic pomts are not infailible, tbe};
may be helpful to decide the operative approach. Removal by a cerviea
approach 1s the choice of treatment whenever possible .

Rarely the intrathoracie substernal goiter may be found posterior to the
trachea and esophagus (Lahey, Sweet, von der Lieth and Lester).

Granulomas

Granulomatous 1nfl y disease ly presents as halar nlnd
upper mediastinal enlargement (fig. 124 and B) This roentgcnoglrar:nls
appearance resembles ymphoma. In mstances of tubereulosts, hustoplasi -
sis and sarcoidosis where there is a characteristic bilateral lular and parql
tracheal lymph node enlargement associated with pulmonary pnrench}'f"i !
involvement, the distinction from other mediastinal lesions 18 rc]:;tl:izg
easy Anatypicalsilhouette on the radiologic examination may De con l:i-en:s
Unilateral hilar enlargement alone can be troublesome, for ih older Pﬂcdm(_
1t bronch 1€ car Temporary enlargement of the m ult}-
tinal nodes may accompany whoopmg cough, measles and erythema nl:mn-
forme Sometnes the enlargement may be great enough to eompress a
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Fig 9—’“10 frontal plain chest film of a pamm witha ty pml rmhogmphxc appearance
of asmple goiter The study showed the
arfery laterally and astenorly, with the supenor vena cava displaced f“ 1“'"““" Note
the dizplacement of the trachea to the left A radioodime semntillogram was negative because
of an imactive gland

chus and cause lobar atelectasis Metastatic enlargement may occur from
caremoma

Scalene node biopsy 1s most helpful, and any assoeiated clinteal findings
strengthen the diagnosis of a granulomatous disease Scalene node biopsy
has established the diagnosis 1 G0 to 75 per cent of patients with this type
of mediastinal discase and who dul not have other helpful findings Thora-
cotomy may be resorted to 1f none of the other findings are present
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Fig 10—The plam posterior-anterior chest film of a widening of the right superior
mediastinum Note that the trachea is not deviated, A radiolodine uptake was not deteeted
over this mass The lateral chest film shows the mass to be in the upper mediastium Note
that the upper borders of the mass are mdistinet At operafon an mrathoracie collord

goiter was removed

In granulomas due to mfection, the prosence of parenchymal fibrosis and
ealeifications may be helpful In tuberculosss, there is a definite predilection
for mvolvement of the lymph nodes where the azygos vem jomns the superior
vena cava Storey and Lyons, and Kunkel reported that tuberculomas usu-
ally present as stmooth, oval or rounded, lobulated masses adjacent to the
trachea and protruding mto the right thorax (fig. 13A and B). Honever,
other tumors, right-sided aortte arches, neurofibromas and even lymphomas
have this appearance. Although thoracotomy may become necessary for ac-
curate diagnosis, removal 1s difficult, because of the dense mflammatory r¢-
actions associated wath granulomas Involvement with fibrous adhesions may
result 1 injury to the phrenic nerve, superior vena cava, trachea and other
structures For this reason, the diagnostre routine should be thorough; 1f
the diagnosis 15 established, the mdicated therapy can be used. The therapy
may actually be speaific. Judgment may dictate an empiric employment of
therapy, for example, antituberculous drugs before resorting to a thoracot-
omy to establish a lustologie diagnosis 1n a suspected probable tuberctlous
disease
In all medwastwnal processes 1t 1s absolutely necessary to mahe a.mnlm”

tion of the csoph , even though the medical history fails to re-

cord symptoms attributable to the esophagus. The x-ray study not nfre-
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Fig 11—(A) The postenior-antenor flm of a 62 vear old negro female who had a lustory
of a thyroulectomy performei 10 years previoush There 15 a large mass occupying the
whole upper two-thirds of the nght chest Note the scattered areas of itregular calerfication
throughout the denwity A ~cintillogram showed uptake of radiorctsye wodine over the whole
area

quently reveals a shift of the esophagus or demonstrates the impresstons on
the esophageal lumen by glands or vessels 1t also nay demonstrate an un-
pected achalasia of the h which 1s the cause of the mediastinal
abnormality
Metastases may produce mediastmal masses and arc reported as most
comnion with pancreatic and gastrie earcinomas, but m the younger pa-
tients, testicular tumors are the most frequent cause Diagnosis can be
established by history and chinical findings The scalene node biopsy 15 most
fruitful in this type of problem Diaphragmatic hermias sometimes are con-
fused with a mediastinal tumor The hernias which simulate a medastinal
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Fig 11—(B) The lateral chest ilm shows the mass to be mainly anterior with 1ts upper
margins indistinet and 1t 15 extending also tto the posterior mediastinum behind the esopha-
gus Note that the trachea 1s not deviated but compressed 1n the anteror-postenior diameter
At operation a large adenomatous ntrathoracic goiter was remoyed

tumor are frequently those which come through the foramen of Morgagnh,
or an sbnorma) esophageal hiatus, The recurring burning pam and dyspep-
sia should rouse suspicion for proper radiologic investigation to be done.'

Pharyngo-esophageal diverticula will occasionally have to be differenti-
ated from other cysts as they may attamn considerable size and enter the
superior mediastinum.

Mediastmal pleural cffusions may simulate a tumor (fig. 15). These efft-
s1ons are found in mfections and cardiac failure. They are “vanishing” tu-
mors for they will disappear as the causative condition inproves Their con-
sideration should be held whenever a patient has one of the conditions

mentioned.
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Fig 12—(A) Postenor-antersor chest film of a patient wmith sarcodo-1= Note the 1urge
hiar and paratracheal densities

Aneurysms and Abnormal Vascular Masscs

An angiocardiogram 1s essential for the proper evaluation of a mass wiich
causes suspicion of & vascular abnormality. Angiocardiography can dis-
tnguish a vaseular from an avascular lesion In climes i which this pro-
cedure 15 not employed, exploration may be done for diagnosis of a med:-
astinal tumor Operations have been performed m error for right-sided
aorta, dilated large left auncle, coarctation of the aorta {poststenotic dr-
latation), aneurystns of the mnominate artery, cominon carotid artery,
ascending transverse and descending norta, and pulmonary artery. Cystic
azygos lobe tumor should be recognized by its posttion

With the advent of angioeardiography. vaseular lesions can be recogmized
and corrective operations planned Demonstration of wremediable vaseular
lesions 1s also possible
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dlas-
Fig 12—(B) Note that on the lateral films the densttes are pre-ent 1n the muddle medix
tinum, the usual place for granulomatous disease

Reports 1 the hiterature show the need for a thorough stu(lly n;c]i:d;g{;
angroeardiography before surgieal exploration. Vascular uncmalles"ue -
normalities can simulate a mediastinal tumor; the'con\:erse 15 also e o
only opacification of the vascular system will distinguish between

situations

Lipomas N

The lipomatous tumors are rare. they may be ~bemgn (;[,1:. en::.r: :;?ore
mon}, or malignant, as a sarcoma. Thcvradmgraphxc alppeart oy 85
radiolucent type of shadow suggests a lipoma. A trans l;cflllle rlll e et
valuable roentgenographic sign when prcse‘nt. Some o e eftrnthomﬂ'c
an “hourglass” appearance representing an m'trathoraclc. ?o[ne(iiast)llﬂl -
portion, This characteristic may be observed in (1) eervy
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mors passing from mediastinum mto neck, and (2) transmural—passing
through the chest wall, through the mtercostal space and, rarely, through
the sternum or draphragm

The intrathoracic type of ipomna may be asymptomatic and 1ts discovery
depends on the disclosure of a shadow on the routise chest films Any syn¥p-
toms are those of pressure oh mediastinal struetures

The abnormal shadow may be confused with a pericardial effusion or
cardiac enlargement The “hourglass™ appearance 1s characteristic and if
seen will help the dragnosis

Bronchogenic Cysts

These tumors are not rare and charactenstically are usually located
the posterior part of the supertor mediastmum at the level of the tracheal
bifurcation Usually asymptomatie, they may be an mcidental finding at
autopsy In infaney and early childhood, bronchogenic cysts may produce
serious tracheobronchtal obstruction

Mater has classified bronchogente eysts mto four groups on the basis of
their location.

1 Taratricheal—attached to the trachend wall ususllh on the mght Just abose the
bifurcation

2 Cannal—attached to carina and anterior esophageal wall

3 Hilar—attached to one of the maim or lobar bronchn

4 Paracsophageal—the cysts are in intimate relationzhtp with the esophagus and mav
have no connection with the tracheobronchial tree

The cysts are filledd with a milky mucord material desquamated epithelial
cells,

1t 15 generally accepted that these cysts anse as embryonse derivations of
the budding foregut, and this origin 1s 10 aceord with their location Mater
also advances a possible mterrelationship with tracheal diverticulas and
tracheo-esophageal fistulas

These cysts may be nustaken for neurogenic, dermoid and perscarcial
cysts, as nell as mtrathoracic goiters They may move on swallowing, and
may be oceastonally palpated 1n the neck as a smooth soft mass A sudden
crease In size may cause dyspnea, dysphagia and venous obstruction
Hemoptysis 1s a sign that infection 1s present Infection 1s common These
Iesions may be unrecogmzed when Jocated behind the heart and for this
reason overpenetrated Bueky films and lateral filns are unportant for com-
plete study (fig 14A and B)

Miscellaneous Types

There are other mediastinal tumors which are less common, chylous cysts,
myxotnas, fibromas, santhofibromas, chondromas, plasma cell myelomas
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Fig 13—(A and B) A rounded spherteal density i 4 19 year old male which 15 located
m the upper and the middle mediastinum This proved to be tuberculosts

and men les Hi lympl and parathyroid adenoms
are very rare tumors Four medtastinal pheochromocytomas have been re-
ported.

Gastroenteric cysts are rare. They are usually located along the spine {n
the posterior mediastinum, Intesttnal mucosa 15 found m most and often s
accompanted by peptic uleeration The male sex predonunates, The majority
are found in early life up to 4 years of age. Shght chest pam and dyspnea are
the elinical symptoms Bronchial compression has been seen with large cysts
of this type Scoliosts has been noted with the large-sized cyst and long-
standing pressure

Drscussion

The mediastinal tumors may be a source of confusion in dxﬂ'crentml' dz
agnosis Tt 1s axtomatic that only by microscopic exammation of the excisc
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Fig 13—(B) See legend, facing page

specumen, ot a portion thereof, can an aceurate histologic diagnosis of a
mediastinal tutnor be made However, 2 number of diagnostic procedures
are available which may yield valuable information m the study of a med:-
astmal abnormality An orderly mvestigation, even in the absence of es-
tablishing a defimte d will ly mdicate the proper therapeu-
tic approach, whether 1t be surgery, wrradiation, drug or chemical therapy
or a further period of observz\tmn

The d ded are Listed m table 2 The ro-
entgenographic exmmnatmn 15 the most important and gives the greatest
yield. The radiologic studies usually demonstrate the probable nature of
he wwom Sy fons wid Sevroseopy wre mporant. The knowledge W
the 1 and ch 1cs of the vanous neoplasms and
nonneoplastic masses found m the mediastinum assists the nstitution of
the proper nvestigations Preoperative diagnosis 1s more accurate in tu-
mors with known radiologic characteristics such as the lymphomas, neuro-
genie tumors and teratodermoids Even these may at tunes present atypieal
features. The experienced investigator 1s alert to recognize other lesions
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aids may prevent needless exploratory thoracotomy. Angioeardiography in-
forms about the feasibility of operation or evidence to contraindieate an
operation.

Thoracotomy 1s mandatory and must not be delayed when the diagnosis
cannot be established by less formidable methods. Thoracotomy enjoys &
low case fatahty rate, offers a cure m benign lesions and provides accurate
mformation of the histologic nature and the gross involvement by the tu-
mor This permits mtelligent management and provides valuable mforma~
tion for prognoss
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multiple myeloma with 1ts differing degrees and features of bone lesions, to
rare cases of plasma cell leukerma. As concerns the chest, the more common
Iesmps are mn the bones; less common are plasma cell tumors of the soft parts
or viscera.

Leukermas are usually discussed along with malignant lymphomas Some
of the lymphomas, namely the various forms of lymphosarcoma and rarely
plasma cell myeloma, may develop g leukemie picture, Perhaps question-
ably, true Hodgkin’s disease may extremely rarely develop a picture of
monocytic leukemma Naturally, any of the leukemias, such umversal dis-
eases, may present important lesions of the structures of the chest

Thymomas will be discussed 1n another chapter,

ANATOMIC VARIETIES

The malignant lymphomas of greater numerteal importance affecting
structures of the chest are Hodgkin's disease and lymphosarcoma In general
their lesions within the thoracic cavity are much ahke and therefore may be
discussed together, noting a few differences

Intrathoracic Lesions

Enlargement of mediastinal nodes 1s one of the most common early intra-
thoracie lesions of Hodgkin’s disease or lymphosarcoma This enlargement
may be the first sign of the disease and in not a few cases is discovered un-
expectedly by x-ray examination of the chest done for one reason or another,
when no symptoms have been noted Even large mediastinal masses are
sometimes discovered in this way. There 15 1n some cases first a shght en-
largement of right paratracheal nodes In other cases there may be an ap-
pearance of straightening of the left border of the cardiac shadow, suggesting
enlargement of the pulmonary conus and this may be mistaken for the pe-
cuhar cardiac anomaly (fig 1A and B) The full-blown picture of mediastinal
malignant lymphoma 1s usually of a superior anterior mediastinal mass
showng on the PA chest films as a mediastimal shadow unmistakably wider
than normal with smooth, scalloped or fuzzy borders, either symmetncally
placed or extending meore to one side (fig 2). On the Iateral chest film there
15 seen a density above the heart shadow Percussion anterorly may revfe@l
not only a widemng of the mediastinal area of dullness but an mcreased in-
tensity of dullness over the upper half of the sternum. Some cnscs.prcSEﬂt
initially or occasionally later in the course with a moundlike elevation over
or alongside the sternum.

Only a hilar prominence may be seen, umlateral or bilateral, This may be
difficult of 1nterpretation as to whether 1t really represents not.lal' enlarge-
ment. Rarely a bilateral hilar nodal enlargement is so symmetric in 2 rela-
tively asymptomatic patient, as to suggest sarcoidosis. .

Compression of the superior vena cava and its tributares, results in the
superior caval syndrome with dilatation of veins on the chest wall and 1
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i

Fig 1—Patient J G (A) December §, 1950 “Question of ~ome anomaly of pulmonary
\essels” (left grom node thought caused by epidermopt toss)

o dom T J

Fig 1—(B) Octoher 3, 1951 Increase of the medustmal mass (the left gromn node
then bioped shawing Hodglun's disease)
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d 1 1 Hodghin's dis-

Fig. 2—Patient M C Unilateral extension of
ease

the upper extremities and neck, congestion and puffiness of the face and
neck, puffiness of eyelids, most marked i the morning and sometimes edema
of one or both arms Thrombosis of some part of the affected venous system
may complete the picture,

Paralysis of the rectirrent Iaryngeal nerve or the phrenic nerve may oceur,
although less commonly than with bronchogenie careinoma.

The medastmal lymphomas, espectally Hodgkin's disease and reticulumt
cell sarcoma, may closely simulate bronchogenic earcmoma clinically and
vice versa. The oat cell bronchogene carcinoma may produce a fairly
smoothly outhned mediastinal mass that roentgenographically looks hke
a lymphoma. The lymphomas may show greater enlargement on one side of
the mediastmum with a shaggy lateral border and streaky mfiltration ex-
tending out mto the adjacent lung field, quite suggestive of bronchogenic
carcinoma Furthermore, the patient with a mediastinal lymphoma may
have some } ptysis Oceasionally, a d of Hodgkin's disease has
been made by bronchoseopic biopsy. The first known report of such a biopsy
was made by Lee M Hurd of New York City m 1922,

In the patient prescuting only a medastinal mass with no significant
supraclavicular or asillary nodes, the accomplishinent of 2 differential dhag-
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nosis may be difficult and only obtamable by exploratory thoracotomy., A
scalene node biopsy may be done and yet fail to yreld diagnostic material

The simulatton of goiter by mediastinal and low anterior-cervical malig-
nant Jymphomas 15 oceasionally expertenced In some mstances 1t has not
been until a planned surgical exploration of the thyroid was started that
the true diagnosis was discovered. In one case first seen by me about 2 month
followng such an operation at a large university hospital, 1t was of interest
to see the record of the radiologist’s interpretation of the chest films and the
surgeon’s comment at the time of his exploration of the thyroxd region and
partial resection of the mass that extended nto the mediastinum The ra-
diologist’s 1 was “ with a very marked substernal exten-
sion of the thyroid " The surgeon’s comment at the end of s dictated re-
port of the operation was ““This 1s some unusual and peculiar tumor which
fits best mnto ‘carcinoma of lateral aberrant thyroid’ and of ‘left lobe of thy-
roid gland * The prognosis 1s grave because exeision 1s impossible and prob-
ably 1t 15 not susceptible to radiation therapy.” Figure 3 shows the appear-
ance of the chest film 36 days after the operation

As Hodgkin's disease or lymphosarcoma of the d progresses

Fig 3—Patient DVF Large cervical and mtrathoracte Hodehin's disease which only
36 days previously had been considered by the radiologist and the surgeon w ho explored
the neck to be an unususlly large thyroid tumor
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without treatment or as they recur following regression brought about by
treatment, various types and degrees of invasion or spread to other tissue
or organs of the chest develop. There may be found on x-ray films at first
a streaky infiltration extending out from the hilum or edge of the mediasti-
num This may progress to an extensive nfiltration of the lung with or with-
out evidence of atelectasis. Nodular or patchy infiltrates may arise in the
lung parenchyma. These may lie well out 1n the lung field, having no obvious
direct connection with the mediastinal lesion, suggesting a hematogenous
mode of spread or a spread by mnvisible permeation of lymphaties Bronchial
or bronchiolar occluston may lead not only to local atelectasis or emphysema
but also to abscess formation distal to the obstruction. Particularly m
Hodgkin’s disease may one occasionally find small or large, single or multiple
cavities within parenchymal depostts, perhaps caused by central necrosis
and sometimes occurrng with no obvious evidence of infection and prior to
any 1rradiation of the regions so affected (fig 4).

)

Fig +—Patient P C Cawity

diameter with its wall composed of fibrous an
2V, months later,

rer Lob mg, in
1n posterior portion of nght lower lobe of lunl,s,z.smcox; -

d tumor hissue was found at po
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There 1s an area of considerable diagnostie uncertamnty 1 the roentgeno-
graphie Interpretation of either tmy smgle or rumerous small nondeseript
shght densities that may appear within the lung field m known cases of
malignant lymphomas It may be impossible even for a long time and with
seral roentgenograms and examnation of sputum to know whether these
Iittle shadows mean deposits of the malignant lymphoma or some inflamma-
tory process

The use of corticosterords and ACTH, now so prevalent m the treatment
of the more advanced cases, 1s followed 11 some imstances by the more or less
quiet appearance of a pneumonrtis or lung abscess

Rather common 1n present day treatment of the malignant lymphomas,
1n cases 1 which there has occurred repeated activation of intrathoracic
lesions, 15 the problem of how much of what 1s seen as abnormal densities
n the chest films represents aetnve disease, and how much 1s caused by ra-
diation induced exudative or fibrotic ehanges The risk of pulmonary fibrosis
must always be taken into account when considering the factors of total
dosage of radiation, crossfiring of beatns, and particularly n retreatment of
chest fields One advantage of the alkylating agents 13 that they do not
eause fibrosis Yet, there are mstances m which the use of an alkylating agent
may seemt contrandicated by reason of sertous marrow depression, and m
which 1t seems possible that some temporary partial regression might be
achieved by further rrradiation of a field that s thought to present active
disease, together with fibrosis resulting from previous irradiation Since 1t
may be possible to give radiation therapy to such a local region without
materially endangering the pattent with respect to the marrow depression,
and yet 1n time 1f the patient lives long enough. further fibrosis 1s likely to
be added, one may sometimes deliberately decide, 1n order to try to relieve
distressing symptoms, to “sacrifice the future for the sake of the present

Pleural effusion 1s common 1n the malignant lymphomas The simplest
formn 1s a umlateral transudate associated with mediastinal and hilar lym-
phoma Rarely will such an effusion clear spontaneously. Often treatment
of the underlying mediastinal and hilar lymphoma by radiation alone will
lead to disappearance of the effuston It has been the writer’s preference to
try such treatment first 1n a case in which the effusion has appeared either
accompanying a previously untreated mediastmal lymphoma or 1 a case
having not had a great 2mount of prior wradation to the chest, and not to
resort Immediately to thoracentesis If the effusion does not clear withm
areasonable tume of 2 month or tw o, or of course 1f 1t 1s massive, thoracentesis

1 indicated The fluid should be thoroughly examined for specific gravity,
cell content and bacteriologie culture

If the fluid has the characteristics of an exudate contaming blood or a
high number of cells, or 1s fibrinous, clotting rapidly and having a high spe-
afic gravity, the suspicton 1s probably justified that there are pleural plagues
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or nodule§ of the lymphoma In that case the treatment should be aceord-
ingly de.vlsed to exert effect on the pleura and lung of that side. Treatment
by lrra(llatlpn may be effective, or one may choose to try the effect of intra-
pleuralnstillation of radioactive gold (Au™), radroactive phosphorus (P*)
as chromue phosphate, or mtrogen mustard (HN2). However the impresston
of the Medical Neoplasia Service of Memorial Center has been that the
effect of nmitrogen mustard on the pleural effusions of Iymphoma eases 15
often more like that of intravenous adimmstration and less effective locally
n causing pleural tumor regression and disappearance of effusion than in
cases of pleural effusion caused by some metastatic carcinomas and sarcomas.

A milky effusion proved by content of fat to be genumely chylous mdi-
cates mvolvement of the thoracie duct. In general 1t has been difficult if
not impossible to suceeed 1n elearing a chylous effusion.

The eirculatory system within the chest may not only be affected by
pressure on the superior vena cava and 1ts tributaries, but there may rarely
be actual invasion and erosion of the walls of great vessels The pericardium
and the myocardium are by no means immune to lymphomatous lesions,
either by mvaston from contiguous structures or presumably by hematog-
enous spread, (or possibly by lymphomatous lesions arising de novo). Peri-
carditis and pericardial effusion seem somewhat more common than tumer
formatton 1n the perieardium or myoeardium. Myocardial nodules may give
signs and symptoms and electrocardiographic findings Itke those of cardiac
mfarction If the diaghosis of actual invasion of the cardiac structures by
malignant lymphomas scems farrly certain, radiation therapy to that region
may be strikingly helpful in some cases and possibly safer with the present
practice of divided dosage than the rapid tumor-destroying effect that might
result from a full-dose 1ection of nitrogen mustard.

The esophagus may become implicated in any part of its course. Its w all
may be extensively mvaded by the lymphoma. In some cases there may de-

velop an extensive esophagitis, and although symptoms and radiographic
o ’ - =f 4k~ ceanhige

\on

un

or into some adjacent part of the bronehal tree (fig. o).

Any part of the chest wall may show lesions of a lymphoma In cases of
plasma cell myeloma the bony structures may show the characteristic mul-
tiple punched-out osteolytic foci. Rarely may a shght blastic change be
noted about the periphery of some of these Iytic lesions. There may be frac-
tures of ribs or collapse of vertebrae. Occasionally, in myeloma the appear-
ance may be that of osteoporosis, while in some cases in w hich the diagnosis
can be established by marrow exa ion, electrophoresis and immunologic

tests, the bones may appear normal radiographically.
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Fig 5—Tatient J L Fistulous tract from esophagus mto medistinum jn Hodghin's
disease Diagnosts estabji-hed by biopsy from esophagus nearly 2V2 years earher

In the bones, Hodgkin's disease and lymphosarcoma may produce lytic
or blastic lesions Lymphosarcoma 1s more hikely to produce lytic lesions,
while in Hodgkin's disease the most frequent type of lesion 1s a combination
of blastic and lytic change The least common type of Hodgkin's lesion m
bone 1s the pure blastic change, occasionally demonstrated by a single ver-
tebra having an nory-like denstty.

It 15 not rare to palpate a firm, fixed fusiform enlargement of a b, seem-
mgly unquestionably repiesenting a true leston of the nb, and yet to be
unable to see on x-ray films any evidence of a rib lesion On the other hand,
b lestons may be visuzlized on x-ray films with or without palpable tumors
of the ribs or local tenderness or pan over them. Their it olvement may
come about through hematogenous spread or by direct invasion from adja-
cent, pleural lymphowmatous discase In advanced cases one may have & mas-
stve lymphomatous tumor mplicating and binding together lung, pleura,
ibs, intercostal tissues and perhaps even the overlymg skin.
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The skin and subcutfwneous tissues of the chest wall may of course show
many of the characteristic lestons of mycosis fungoides. These may vary
from patches of eczematoid change or psoriasiform lesions, to a diffuse eryth-
roderma, to flat or raised plaques or masses of reddish color, with or without
ulceration,

The characteristic skin lesion of lymphosarcoma is a raised pinkish red
plaque, feeling moderately firm. It may vary from a centimeter or less in
diameter to several centimeters, Uleeration is rare but may occur. The skin
lestons of Hodglun's disease vary considerably. Occastonally, multiple small
shotty subcutaneous nodules with or without a little invasion of the over-
lymng skin may be palpated. These have seemed to be more common about
the upper anterior chest wall Rare cases may present single or multiple
discrete, firm, raised nodules, or they may be centrally broken down and
soft, resembling infected sebaceous cysts, and may ulcerate. Rarely, single
or multiple cold abscesses ltke those of tuberculosis may be simulated In
other rare cases, there may be broad sheets of erythematous skin infiltration,
sometimes with serpiginous uleeration

Coneomitant nonspecific festons of the skin are frequently seen i paticnts
with lymphomas, Herpes zoster 1s an almost routine complication at some
time during the course Occaslonal cases will show generalized herpes m
addition to the zonal rash The question of cross infection with chicken pox
15 of nterest in cases of herpes zoster but usually one cannot establish a
history of exposure to chicken pox

Kaposi's multiple 1diopathic hemorrhagic sarcoma of the skin is seen just
often enough m cases of malignant lymphoma to raise the question of its
histogenetic relationship. In Hodglan's discase particularly, 1t 1s not so rare

to see xerodernta or an exfoliative dermatitis or patches of dry eczematoid
. - - . U .estagkin

pear.

. egree

of gynecomastia 1s noted The breast, male or female, may develop a nodule

or nodules of lymph tous disease {arily. Qccasionally, the first de-

agnosis of lymphosarcoma has been made by local excision or even mastec-
tomy for a firm nodule found within a woman’s breast

DiacNosis

The only proof of Hodgln’s disease, any type of lymphosarcoma or my~
cosis fungoides, 15 by biopsy. Depending on the chnical setting, a b:ops):
may be obtanable from various sites. some lymph node, most commonly
1n cases of Hodgkin's disease or lymphosarcoma; some other tissue such as
skin or bone, some viseus such as stomach, bowel or lung, Jess comx{mnly in
cases of Hodgkin's disease or lymphosarcoma. In mycos:s fungoides the
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biopsy 1s naturally usually from the skin In plasma cell myeloma a marrow
aspirate 1s often diagnostic. It has become mereasingly evident that on bone
marrow aspiration the presence of a moderate increase i plasma cells 1s
not necessartly diagnostic of myeloma, but may be found 1n association with
various other diseases Bence-Jones protemuria may not be found 1n more
than one-third to one-half the eases of proved plasma celt myeloma On the
other hand, the diagnosis of myeloma may be reasonably well established
by a combination of laboratory findings (elevated serum protem with high
globulin, the characteristic myeloma spike m the electrophoretic pattern
and a characterstic immunologic pattern as described by Korngold)

In cases of lymphosarcoma (ineluding reticulum cell sarcoma) or Hodg-
Jan’s disease producing a meciastmal mass there will often be palpable nodes
or anode above the clavicle or perhaps in the ailla, recognizable as probably
significant for biopsy by reason of firmness, globularty or irregulanty In
cases presenting a partial or full-blown picture of the superior caval syn-
drorme, the neck especially in the supraclavicular regions and sometuues the
axlllae may be so puffy that nodes cannot be distinetly or at all palpated
In some such cases biopsy of a palpable node shows only a hyperplastic
change Not mfrequently, cases with the superior caval syndrome present
no suitable peripheral nodes for biopsy and produce no diagnostic cells mn
the sputum Thus the diagnosis remains uncertamn as between a malignant
lymphoma and a bronchogenic earcinoma or some other space-occupymg
neoplasm 1 the superior mediastinum Since such patients are seldom 1f
ever surtable for exploratory thoracotomy, and yet may be given striking
palliation 1f treated properly on an emergency basis, this 1s one setting mn
whach treatment of neoplastic disease without proof of diagnosis 1s justrfied
The most efficrent method of treatment of the neoplastic superior caval syn-
drome 1s to give a full mtravenous dose of nitrogen mustard (04 mg ‘Kg
body weight) followed without more than a day or two of delay by frac-
tionated high voltage (250 kilovolts) or supervoltage (1,000~2,000 kilovolts)
roentgentherapy to the meciastinal mass through straight anterior and
posterior fields mapped out to correspond to the size and shape of the me-
dastinal mass Usually about 200 roentgens in air will be grven to one port,
a day treating the 2 ports alternately until from 2,000 to 3,000 roentgens
m air has been delivered to each port

There 1s no evidence that biopsy disseminates malignant tumors There
should be no hesitation, therefore, on biopsy when 1t 15 possible
to obtain one without danger to the patient whose thoracic neoplasm has
not been 1dentified previously Asin all treatment of neoplastic disease, only
under exceptional crreumstances, for example the superior vena eaval syn-
drome just described, 1s 1t good practice to apply treatment without knowl-
edge of what 1sbemg treated Itisstill too common a practice to start a cource
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of radiation therapy to a mediastinal mass that looks hike a lymphoma.
out biopsy proof even though a means of such proof exists. Modern tho
surgery justifies exploratory thoracotomy in most cases of medias
tumor or lung tumor when proof of diagnosis cannot be obtamed m
other way, The exploration will usually at least obtain a positive bic
Although usually a mahgnant Iymphoma cannot be completely rese
from the mediastinum, sometimes that has been possible, or at least a |
part of the mass may be rescetable, leaving less to be treated. Naturall
a peripheral node 1s available i the supraclavicular or axillary regio
association with a mediastinal or lung tumor and proves to be positive
a malignant lymphoma, 1t may be fairly safely assumed that it repres
the nature of the mtrathoracie lesion with but few exceptions, and in
case thoracotomy 1s not advised

If a patient has an accesstble node i neck or axilla that seems sigmific
or 4 medsastinal mass projecting well out Into the lung field, or a parenc
mal nodule of say more than 5 em in diameter, and refuses node biops;
thoracotomy as the case may be, aspiration biopsy mught be permitted
the hands of those famthar with that techme and with a pathologist av
able willing to attempt diagnosts of material (snrear and clot) obtained
that method. a reasonably satisfactory working diagnosis may be posst

TREATMENT

Methods of treatment of thoracte malignant lymphoma are surgery, rac
t1on, chemotherapy, hormonal and supportive .

Surgery 1s employed chiefly for biopsy of nodes or chest wall lestons.
may be needed for exploration and bopsy of intrathoracic lymphomas, 2
may have ¢ 1 success 1n resecting completely or i large part a 1
dsastnal lymphoma or a rare, apparently prumary, pultnonary Iymphot
such as a lymphocytoma.

Radiation therapy remains the agent of greatest over-all uscfulness
treatmg mahgnant lymphomas of the thorax The pre{crreP] plan of tre:
ment of the superior caval syndrome in combination with nitrogen u}us!ﬂ
has already been described A simlar plan may be used for the medfastm
mahgnant lymphoma not eausmg severe pressure symptoms. Often in su
cases the treatment of the medastmum 1s combined with treatment of supt
clavieular and cervical and perhaps aullary nodes. X

Whether to give nitrogen mustard 1 full dose by a single xnject{on ori
2 to 4 fractions preceding the radiation therapy, is a matter for ndividus!
zation The choiee depends on such factors as prescnce or absence of systen;
symptoms, size of the Jesions, state of the white cfel] and .plateleticu}udnc‘
presence or absence of pregnancy m 3 “omanl p]at]lvent, evu!]cencc of ol

° Imonary tubereuloss, severe myocardial disease, etc.
ch:lgcptl;emmgn)t ‘t:tlf X-TaYS x'v:th 250 kilovolts or 100 to 120 kilovolts, e
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pendmg on the depth penetration desired, may be used for chest wall lesions
such as those of ribs, vertebrae, breast or skin and subcutaneous tissues

Retreatment by radiation of previously wrradiated fields may pose the
problem of selection of supervoltage x-rays, the cobalt-60 beam, grid therapy
or the betatron for x-rays or for the electron beam Interstitial rrradiation
by implantation permanently of gold radon seeds or temporary insertion
of widium needles or w1res, has little 1if any practical or justifiable application
m the lymphoma field, mn the writer’s opinion,

As previously mentioned, mstillation into the pleural cavity of radoactive
gold or phosphorus (or mtrogen mustard) for effusion may be of usefulness
m some cases but by and large has not seemed as useful for malignant lym-
phomas as for other types of neoplasm

Radioactive 1sotopes such as phosphorus given orally or intravenously,
have little or no place w the treatment of Iymphosarcoma, Hodgkin's dis-
ease, mycosis fungordes or myeloma

CHEMOTHERAPY

A wide variety of chemotherapeutic agents 1s now available Intravenous
1njection of mtrogen mustard (HN2) or similarly acting polyfunetional al-
kylating agents such as Triethylene Melamine (TEM) 1s partieularly indi-
cated 1n patients with b or bulky or d d disease
and 1s commonly followed by racdiation therapy TEM usually causes less
nausea and vomrting than does mtrogen mustard The commonly used doses
are as follows nitrogen mustard 04 mg Kg body werght in one dose or
divided mto 2 to 3 or 4 fractrons; TEM 004 mg /Kg body werght daily
for 3 days

For lymphomas dissenunated more widely than to the chest, 1n ambulant
patients with systemic symptoms, oral TEM 1n doses of 25 mg daily for
4 daysor 5 mg daily for 3 days, may be followed on a maintenance basis by
25 to 5 mg once a week to a total of 30 to 40 mg The tablets should be
taken on an empty stomach one hour before breakfast Caution should be
exercised 1n cases of lymphocytic lymphosarcoma since they may prove to
be sensitive, as patients with lymphatic leukemia often are, and therefore
at first they should receive much smaller doses, say 2 5 mg. once followed
by a wat of 10 days and a recheck of the white cell and platelet count before
continuing with TEM

Leukeran (CB-1348, Chlorambucil) may be given In such cases in a
dose orally of 0 2mg /Xg body weight tapering to one-half that amount for
maintenance or prolonged admmistration

These alkylating agents are all marrow depressants and the blood count,
especially the whrte eount and platelet count, must be watched at frequent
mtervals of 7 to 10 to 14 days

The allegation that nitrogen mustard ean restore radiosensitivity to a
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lymphoma that has become radioresistant, has never been documented to
the writer's satisfaction.

The antimetabolites such as 6-Mereaptopurine and Methotrexate
(Amethogterin) may be useful in some cases in which the lymphoma has
become widely generalized or accompanied by a leukemic state In general
they have been more useful for treatment of the malignant Jymphomas of
children than for cases 1 adults,

Particularly if one 15 treating bulky disease that 1s likely to have been
growmng rapidly or to be destroyed rapidly, hyperuricemia may become a
danger and may have to be combatted by slowing the treatment and mam-
taming a large fluid mntake and output. The value of administration of
sodium bicarbonate for hyperuricenua 15 somewhat doubtful.

With or without detectable lesions of bones, hypercaleemia, with or with-
out hyperuricemra may be a troublesome complicatton.

HoryoNnaL THERAPY

For some time before ACTH and the corticosteroids became available
for clinical trial, there had been a few reasons to suspect that m some un-
known manner the lymphomas nught m part be causally associated with
some disturbance of the endocrine system and perhaps modifiable by some
hormonal alteration. Male sex preponderance, tendency for somewhat bet-
ter prognosts for women with Hodgki’s disease during the period of active
ovarian function, apparent onset of Hodgkin’s disease or its worsening dur-
Ing or soon after pregnancy, unfavorable effect of androgen therapy, oft
noted onset of some Iymphosarcomas at about the menopausal time, onset
following soine severe emotional shock—such observations, subject to many
exceptions, together with reports of Dougherty and White on Iymphatic
effect of corticosteroids, were among bits of evidence that suggested hor-
monal factors at play. Now that ACTH and corticosteroids have been s0
extensively employed, one almost wonders how we got along without them
hefore. Like polyfunctional alkylating agents they have become almost in-
dispensable i palhative care of advanced cases, although having failed com-
pletely to cure any of the lymphomas, and although fraught with risk of
dangerous side effects. .

When a malgnant lymphoma 1n the chest becomes advanced, 'mtll few
excepttons the discasc 1s ltkely to be generalized with the patient in a gm;
erally detenorated condition, often with pancytopenia This poor genera
state of marrow depression, frequently associated with ﬁbrosxshof the .h.mg
following previous wracdiation, 15 often an unfortunate 1atrogenic condition
reflecting the unavoidable results of the far from satisfactory therapeutic
measures that unfortunately are the best now available, namely radiation
therapy and the alkylating agents, no matter how skillfully cmblo)‘i‘d{w

It is in such situations particularly that one turns to the use of cor}l -

steroids i hopes of increasing appetite and sense of well being, of perhap
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improving marrow function, of lessening pam, fever or itching, and perhaps
of causmg some regression of the lymph ous deposits. O 1ly there
oceurs a strilang renussion of the lymphomatous lesions For example, mul-
tiple cutaneous nodules of retieulum cell sareoma or lymphosarcoma may
completely disappear after moderate doses of Predmisone m the order of 30
to 40 mg a day for an adult

SUMMARY
In summary 1t may be said that the chest, as far as mahgnant lymphomas
are concerned, 1s merely one part of the human body that 1s 2 common site,
mitally or secondarily Their histologic varieties are the same m the chest
as elsewhere For diagnos:s the tissue offering proof may be available 1n the
chest 1tself, or may more readily be obtamable elsewhere Treatment, be 1t
surgical, radiologie, chemieal, hormonal or supportive, 1s subject to the same
general prmeiples that apply when these diseases affect, as they often do,
other parts of the body The special prmciples governing diagnosis and
b of t 1 of the chest derive from its pecubar
anatomic and physiologic features
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CHAPTER 14

Pleural Tumors
By HERBERT C. MAIER, M.D.

PRIMARY TUMORS OF THE PLEURA are relatively rare but present some inter-
esting pathologic and clnical features. The true incidence of such growths
1s difficult to estimate accurately because there has been much diversity of
opinion concerning which neoplasms should be considered to be of pleural
origin. In this discussion only those tumors will be meluded which are
thought to arise from cells of the various elements of the visceral, meduastt-
nal, diapbragmatic and paretal pleura Neoplasms which merely protrude
mto the pleural cavity by pushing the pleura ahead of them, but whiech do
not originate from elements of the pleura, are not regarded as pleural tu-
mors A failure to make such a distinetion has resulted m the hterature on
pleural neoplasms being confused by the melusion of tumors whieh are ob-
viously of mediastinal or chest wall ortgin. The differentiation of some malhg-
nant primary pleural neoplasms from metastatic involvement of pleura by
pulinonary or other growths contimues to present a problem unless & eom-
plete autopsy has been performed

ParroLoGy

An analysis of the cases recorded 1n the literature as primary pleurnl‘tu-
mors was made by Heunan m 1944 At that tume a rather long list of various
types of pleural tumors was collected A study of these publications, most qf
which consisted of single case reports, mndicated that there was a marked di-
versity in the termmnology employed Thus, 1t became evident that a compila-
tion of the tumors based on the pathologic designations utilized might con-
vey a distorted preture, However, a review of these earlier reported cases does
serve as a background for our current concepts of these neoplasms

The confused state of the literature at that time 1s evidenced by tlxe.fact
that over 30 different terms had been employed to destgnate vartous histo-
logie types of pleural tumors Analysis of the reports mdicated, however,
that the majority of the tumors fell m one of two categorics. The fnost im-
portant group of tumors were those which at that time were ccnsldgrcd to
be of connective tissue orgin (fibromas and fibrosarcomas). The malignant
mesotheltomas (also called endotheliomas) constituted the other ;:;O;J‘P;
Among the rarer types were the neoplasms of smooth' mu§c]e, nerve or f:cl)'
origin. Pleural tumors of blood vessel and lymphatic origin are extremely

rare
200
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Segregation of pleural tumors mto two man elical groups s helpful
The localized neoplasm 15 a discrete mass of widely varymg size which lies
somewhat free m the pleural space and often may have only limuted areas of
attachment to either the visceral or parietal pleura, or both The diffuse
pleural neoplasm, by contrast, usually mvolves large portions of the pleural
eavity and not mfrequently may encase the entire lung The localized tumor
may be benign or mahgnant, but 18 more conunonly bemgn The diffuse
pleural tumor, on the other hand, 1s almost always malignant although ex-
trathoracic metastases are often not demonstrable even at autopsy

Among the localized tumors in the pleural space, those assumed to be of
connective tissue ongm were reported most frequently These ranged from
so-called bemgn fibromas to more cellular neoplasms which were considered
to be sarcomas It was very apparent that difficulty was encountered mn
differentiating some of the benign from the malignant growths, moreover,
some of the large neoplasms which were considered sarcomatous on the basis
of microscopic features showed little elimical evidence of malignant behavior

One of the important articles on pleural tumors was published by Klem-
perer and Rabin 1n 1931 At that time the information about the behavior
of the fibrous pleural tumors m tissue culture was not yet available It had
already been demonstrated by Maximow, however. that there was a close
resemblance between the cellular elements of some tumors and the loose
connectrve tissue seen 1n the latter phases of embryonic life The conclusion
seemed Justified, therefore, that such tumors represented a neoplastic growth
of embryonic connective tissue Klemperer and Rabin considered the vari-
ous neoplasms which resembled tumeors of connective tissue origin to anse
from subserous layers of the pleura In this regard 1t 1s pertinent to call at-
tention to the anatomie constituents of the normal pleura There 1s a tend-
ency to think of only the mesothelal layer, whereas the visceral as well as
the parietal pleura consist of connective tissue layers with elastic and colla-
gen fibers wath blood vessels, lymphatics and nerves The deepest layer of
the visceral pleura over the lung 15 mtimately associated with the under-

lying alveoli Thus, most of the connectrve tissue at the surface of the lung
18 a part of the pleura rather than a component of the pulmonary tissue
The mtersegmental connective tissue septa which divide the lung into seg-
ments are extenstons of the pleural connective tissue

Controversy, as related to the localized pleural tumors, has centered
chiefly around the question as to whether such tumors arose from the sub-
pleural connecttve tissue, from the conneetive tissue layers of the pleura
itself or from the mesothelial cells of the pleura The term “subpleural”
would scem not to refer truly to any part of the pleura 1tself, but to tissues
immediately subjacent to the deepest pleural layer Yet, 1t may be noted
frequently m the hiterature that a pleural tumor 1s saxd to anse from the
subpleural eonnective tissue It would seem most probable that the author
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meant that the growth arose from subserous layers of the pleura itself if it
was considered correctly to be a pleural tumor. In a consideration of the
diffuse mesothelhioma, confusion seems to have been largely related to the
fact that such tumors presented a varied cellular appearance, usually show-
g both epithelial and connective tissue elements, The explanation of this
finding now appears well documented and is a foreeful argument for the
viewpomt that such pleural tumors are truly of mesothehal opigin, Murray
and Stout demonstrated that pleural tumors consisting predominantly of
fibroblasts could develop the charactersties of mesothelial cells in tissue
culture. Thus 1t seems well established that a pleural tumor may present as
a fibroma or fibrosarcoma and conceivably originate from either mesothelial
cells or the subserous connective tissue of the pleura. When epithelial ele-
ments are mixed 1 with the connective tissue components, the evidence
would pont strongly toward a pleural (mesodermal) origin. If the tl.unor
consisted only of fibrous elements, erther the subscrous connective tissue
of the pleura, or the pleural mesothelium might be considered as the pos-
stble cellular origin of such a neoplasm In an attempt to differentiate be-
tween subpleural and pleural origins, the gross relationships of the tumor
to the pleura and lung deserve consideration. In some mstances, a fibrous
tumor nodule may be 1n the pleural space, between the visceral and parsetal
pleura, with only some adhesions binding 1t to the two pleurae, The bIo;)d
supply to such a predomnantly intrapleural tumor may b'e partly from the
parietal and partly from the visceral pleuﬂrn,‘.or alinost entirely from onc or

— 4 - e n mmnet that nhe
the other. - ¢
1s dealing N
18 less con..

tissue capsule with a distinct pleural covermng In these latter eases 1t 18
debatable whether the tumor s derived from either mcsotl.)elml cells or
fibroblasts of the pleura or even from subpleural connective txssuc:
When a pleural cavity 1s rather diffusely involved by neoplasti o
1t may be quite difficult to decide whether one is dealing with a pnmtnrzm
secondary growth. Anaplastic carcinoma of the lung may present a par ltf!
problem. The prineiple reason for confuston betwcen mesothcllom'as ;lue o
pleura and secondary carcinomatous involvement. of th.e plel{ra is (b € e
the fact that the mesothehal tumors are characterized histologically )Es o
formation of tubes hned by cells which resemble the tubular strufl!l:l'mma
carcinomatous glands. The promunence of such areas 1 the :“isola; p
may varv widelv In many of the bemgn fibrous growths sl_xch ubular stru®

tures
mese P evIUCIIL B v
mesothelioma such tubular structures may be readily t;'mu;;‘cclﬁ\'c s
present features not seen in the ordinary fibrous tumor of Col:h(‘ e ant
ongin. The tubular structures are much more common 1 1he

¢ tissue,

the
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diffuse mesothelioma, and this fact has Jed to the mnterpretation by some
pathologists that such tumors might be of both epithehal and mesodermal
derivation, The correct viewpomt would seem to be that the various types
of cells seen m such malignant mesotheliomas are merely vanants denved
from multipotential mesodermal cells,

At the present time, 1t may not be posstble for the pathologist to be cer-
tain whether a particular fibrous tumor, which 1s very cellular, 1s bemgn
or malignant. In the past such tumors were often diagnosed as fibrosarcoma.
More recently the term “fibrous mesothelioma” has been employed by
many pathologists for localized tumors, both bemign and malignant In-
complete removal of tumors which ongmally appeared to be benmign may
result 1n mahgnant behavior On the other hand, pleural effusion, sometimes
even bloody, may be present and yet no evidence of malignant spread de-
velop It 1s important for the clinician to bear these factors in mind 1n trymg
to determme the prognosis 1 an indmidual case

Crivican Finpings

dge Incadence

The age meidence of pleural tumors 1s rather different from that of pul-
monary neoplasms m that there 13 not the same tendency for the growths
to occur chiefly n later adult life The diffuse malignant mesothelioma 1n
partieular may occur n childhood, early adult life, or at some later age In
my own experlence, malignant mesotheliomas of the pleura have been more
common than primary mahignant tumors of the lung in pattents under 20
years of age, of course, primary cancer of the lung 1s very rare in this age
group

The localized fibrous mesothelioma of the pleura 1s most commonly dis-
covered 1n the 40 to 60 year age range Since some of these tumors may be
slow growing and not produce symptoms until large size has been attamed,
these neoplasms may actually develop at a considerably earlier age period
than the data suggests

Sex Dustribution

The sex distribution of pleural tumors differs from that observed with
primary neoplasms of the lung One does not find the marked preponderance
of cases to be m males as 1s such a striking feature of branchogenic earel-
noma DMloreover, if the pleural tumors are divided into subgroups, 1t may
be found that some types of pleural neoplasms are more common among
females The large growths without metastases which have been reported
as cellular fibromas, fibrosarcomas and localized fibrous mesotheliomas ap-
parently are more common m females There does not seem to be any pro-
nounced sex predilection 1n the diffuse malignant mesotheliomas
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meant that the growth arose from subserous layers of the pleura itself if it
was considered correctly to be a pleural tumor. In a consideration of the
diffuse mesothelioma, confusion seems to have been largely related to the
fact that such tumors presented a varied cellular appearanee, usually show-
mg both epithelial and connective tissue elements, The explanation of this
finding now appears well documented and is a forceful argument for the
viewpont that such pleural tumors are truly of mesothelial origtn Murray
and Stout demonstrated that pleural tumors consisting predominantly of
fibroblasts could develop the characteristics of mesothelal cells 1 tissue
culture. Thus 1t seems well established that a pleural tumor may present as
a fibroma or fibrosarcoma and concetvably originate from either mesothehal
cells or the subserous connective tissue of the pleura, When epithelial ele-
ments are mixed m with the conuective tissue components, the evidence
would pomnt strongly toward a pleural (mesodermal) origin If the tumor
consisted only of fibrous elements, either the subscrous connective tissue
of the pleura, or the pleural mesothelum might be considered as the pos-
stble cellular origin of such a neoplasm. In an attempt to differentiate be-
tween subpleural and pleural origins, the gross relationships of the tumor
to the pleura and lung deserve consideration. In some instances, a fibrous
turmor nodule may be 1n the pleural space, between the visceral and parietal
pleura, with only some adhesions binding it to the two pleurac The blood
supply to such a predommnantly intrapleural tumor may be partly from the
parietal and partly from the visceral pleura, or almost entirely from one or
the other. Thus, in some cases the gross findings strongly suggest that one
1s dealing with a true pleural tumor. In other mstances, the gross pathology
15 less conclusive m that the tumor presents as o mass with a conncc!l\'e
tissue capsule with a distinot pleural covering In these latter cases 1t 13
debatable whether the tumor 1s derived from cither mesothelial cells or
fibroblasts of the pleura or even from subpleural connective tissue.

When a pleural cavity 1s rather diffusely involved by neoplastic tissue,
1t nay be quite difficult to decide whether one 15 dealing with a pnmgryl":
secondary growth Anaplastic carcinoma of the lung may present a Pﬂm?‘t }::e
problem. The prinetple reason for confuston between mesotheliomas of o
pleura and secondary carcmomatous mnvolvement of the pleura is due .
the fact that the mesothehal tumors are characterized histologically by ¢ ¢
formation of tubes lined by cells which resemble the {ubu]ar structurs:a
carcinomatous glands, The prommence of such areas in the mcso]the ;i:x "
may vary widely. In many of the berugn fibrous grow ths such tubu] ""”5' ap-
tures may not be evident and therefore the tumor may )ustolgglfl-"bg“m‘
pear as a fibroma or fibrosarcoma. In an occasional case ot: lccahzvl } ar‘i)'
mesothelioma such tubular structures may be readily evident n"(v cg?:aue

present features not seen in the ordinary fibrous tumor of .connccmq ii‘wln»;lm
origin The tubular structures are much more contion in the mahg
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diffuse mesothelioma, and this fact has led to the mterpretation by some
pathologists that such tumors might be of both epithehal and mesodermal
dervation The correct viewpoint would seem to be that the various types
of cells seen 1n such mahgnant mesotheliomas are merely variants derived
from multipotential mesodermal eells

At the present tune, 1t may not be possible for the pathologist to be cer-
tam whether a particular fibrous tumor, which 1s very cellular, 1s benign
or malignant In the past such tumors were often diaghosed as fibrosarcoma
More recently the term “fibrous mesothelioma” has been employed by
many pathologists for localized tumors, both benign and malignant. In-
complete removal of tumors which origmally appeared to be bemgn may
result in malignant behavior. On the other hand, pleural effusion, sometimes
even bloody, may be present and yet no evidence of mahgnant spread de-
velop Itisimportant for the ehmctan to bear these factors in mind 1n trymng
to determne the prognosis m an individual case

Cruizican Finpings

Age Incdence

The age incidence of pleural tumors s rather different from that of pul-
monary neoplasms 1n that there 1s not the same tendency for the growths
to oecur chiefly in later adult hfe The diffuse mahignant mesothelioma
particular may occur in childhood, early adult life, or at some later age In
my own experience, malignant mesothelromas of the pleura have been more
common than primary malignant tumors of the lung m patients under 20
years of age, of course, primary cancer of the lung 1s very rare i this age
group.

The localized fibrous mesothelioma of the pleura 1s most commonly dis-
covered in the 40 to 60 year age range Simnce some of these tumors may be
slow growmg and not produce symptoms unttl large size has been attamed,
these neoplasms may actually develop at a considerably earher age period
than the data suggests

Sex Distribution

The sex distribution of pleural tumors differs from that observed with
primary neoplasms of the lang One does not find the marked preponderance
of cases to be 1 males as 1s such a striking feature of bronchogenic carei-
noma Moreover, 1f the pleural tumors are drvided into subgroups, 1t may
be found that some types of pleural neoplasms are more common among
females. The large growths without metastases which have been reported
as cellular fibromas, fibrosarcomas and localized fibrous mesothelomas ap-
parently are more common 1 females. There does not seem to be any pro-
nounced sex precilection m the diffuse malignant mesotheliomas
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Fig 1—The small rounded density 1n the left lung field was shown on the lateral film
to be adjacent to the chest wall posteniorly A hmited surgical meion was made for this
benugn fibrous mesothelioma

SyMPTOMATOLOGY

In some cases of pleural tumor, especially when the growth is small and
benign, there may be no symptoms and the only evidence of a lesion may be
the discovery of an abnormal shadow on the rocntgenogram of the chest
(fig 1). In other cases there may be a history of pain and swelling of various
Jjomts of months or even many years duration. At times, the artbralga is
accompanied by fever Often, such patients are treated for arthritis without
the etiologic factor of the chest tumor being suspeeted or recognized. I
clubbmg of the fingers 15 present, as 15 usual m these cases of pulmonary 05~
teoarthropathy, the physician should suspect the evistence of some type of
intrathoracic tumor or suppuration unless a congenital cardiac lesion 19
present Although pulmonary osteoarthropathy is more frequently seen \\'.11!]\
cancer of the lung than with pleural tumors, 1t oceurs in an unusually bigh
percentage of large fibrous mesotheliomas of the pleura.

Bengn pleural tumors may attamn considerable size and still not cnui?
any symptoms Because of their peripheral location, these neoplasms rarely
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cause bronchial symptoms, because airway compression 1s rare unless the
pleural growth is large. When the tumor 1s of large size chest discomfort,
dyspnea and eough may be present The cough 1s usually nonproductive
Hemoptysts 1s rare in bemgn cases

Occastonally, fever and chilly sensations are noted 1n association with
Jjomnt manifestations and pulmonary osteoarthropathy. Such findings should
not be considered as indreating that the tumor 1s necessanly malignant, as
this chimeal feature 15 notable 1n some cases of apparently bemgn localized
fibrous pleural mesothelioma

The symptomatology of patients with 2 malignant mesothebioma usually
differs from that seen 1n the bemign case This 1s particularly true 1f a diffuse
mesothelioma 15 present Such patients may complam of weakness and
chest pam, dyspnea may be promment, and weight loss apparent In fact,
in some cases, the course of the tllness may be quite suggestive of an acute
pleurttis or even empyema. Hemoptysis may be present

Roentgenographic Features

In a discusston of the roentgen findings mn patients with a pleural tumor
1t 15 helpful to divide the eases nto the localized and diffuse type, although
some overlapping may occur The localized pleural mesothelioma may ap-
pear as & spherical or oval mass of density superumposed on the acrated
lung field. The larger growths may show vanous irregular shapes The
margms, which are usually quite clearly defined, may be shghtly nodular
The mass 1s usually of homogenous water density, The location of the mass
may lead to a suspreion that the tumor may be of pleural origin because a
study of the roentgenograms m various progections indicate that the mass
1s at the periphery of the lung or perhaps n the region of an mterlobar fis-
sure (fig. 2). It 13 not to be inferred by this statement, however, that the
pleural tumor can be differentiated from a peripheral pulmonary careinoma
on the basis of roentgen features alone. The smallest tumor m our series was
almost hidden behind a rib due to its small size Some benign mesotheliomas
may be large enough to fill a large part of the hemithorax and even cause
mediastmal displacement

When the mass arises 1 the long fissure, 1ts posttion, and particularly 1ts
ovoid shape with the Jong axis 1n the direction of the fissure as scen mn the
Iateral roentgenogram, may suggest a pleural tumor (fig 3) When the
tutuor 13 Jocated 1n the basal portion of the thorux, the shadow of the growth
may mnerge with that of the diaphragm and 1t may be misinterpreted as an
elevated diaphragm

A pleural hpoma may present a bizarre roentgen appearance Instead of
being a round or oval mass, 1t may project from the pleura as a number of
wrregular, finger-like masses nhich appear as a shadew of unusual contour
and varying density
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Fig 2—(A and B) Mahgnant mesothelioma 1 a 33 year old min Lesion moperable
Treated by radiotherapy

arge area of density afong course of long
aspiration A pleuro-
rrent

Fig 3—(A and B) Trvelve year ald boy Note &
fissure Diagnosis of 2 mahgnant neoplasm was established by needle
pueumonectomy was performed for this mahgnant mesothelioma Death from recul

disease 1n 2 years

Diagnostic Procedures

As previously mentioned, some of t
thehomas of the pleura may simulate 2
effusion both on ¢linical and roentgenograp

he more diffuse and malignant meso-
Tocalized or even fairly diffuse pleura
hic grounds. Therefore, 2 thora~
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centesis is frequently employed as a diagnostic procedure in this particular
group of cases If only a small amount of material which appears to be blood
15 obtained by such a diagnostic needling, the tap may be erroneously con-
sidered to have been traumatic and the “blood” discarded Yet, if such
“blood” were sent to the lab Y, proper 10n would
often demonstrate the presence of malignant tumor cells and hence establish
the dmgnosxs

tron may 1ly reveal bronchial distortion,
due to e‘(mnslc pressure from a pleural tumor which encroaches on the hilar
portion of the lung, Usually, however, bronchoscopie exammation 1s nega-
tive Cytologie studtes of the bronchial secretions would only be positive
when a malignant mesothelioma has mvaded the lung

TREATMENT

The treatment advised for pleural tumors will be influenced by the patho-
logte charactensties of the particular tumor encountered. Surgical exciston
is ndieated for the localized benign lesion such as fibroma, lipoma and
mesothelioma. In such cases, a positive preoperative diagnosis 1s rarely es-
tablished, thoracotomy 1s undertaken for the removal of an wtrathoracic
mass of uncertan nature Removal of a localized pleural tumor which has
only a small area of attachment to the lung or parietal pleura may be a rela-
tively simple procedure Usually, hittle pulmonary tissue needs to be exeised
msuch acase This 1s 1 marked contrast to the situation encountered n the
case of the diffuse tumors Many of the diffuse mesotheliomas are mopera-
ble or can only be removed by the procedure of pleuropneumenectomy Such
malignant mesotheliomas can rarely be exeised without contamnation of
the pleural space with neoplastic cells Postoperative radiation therapy s
indicated i such cases

Following surgical removal of a locahzed fibrous mesothelioma of the
pleura from a patient with the jomnt mamfestations of pulmenary osteo-
arthropathy, an immediate dramatic disappearance of the joint pan and
snelling 1< to be antieipated postoperatively

Hyaung Prevrat Pragues

Although these firm whitish plaques whieh are oceastonally seen 1 the
parietal and draphragmatic pleura are not veoplasms, a brief mentwon of
tlus lesion seems warranted 1 a discusston of pleural tumors Grossly, these
can be confused with the metastatic implants in the pleura The appearance
18 that of an area of elevation and thickening of the pleura of varymg size
with sharp borders The surface of the plaque 1s whitish, smooth and shiny
without visceroparietal pleural adhesions m that area The plaque tends to
be of rather umform thickness (a few millimeters) which should readily
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are not always painful. Unless 1t 1s restricted to the skin or breast, a tumor
of the thoracic wall 1s usually not mobile, It may be hard or soft, symmetric
or nodular With continued growth cutaneous ulceration may result. A pul-
sating tumor 1s consdered diagnostic of metastasis from eancer of the thyroid
or hypernephroma.” Rarely, the presenting symptoms are pulmonary, ie.,
cough, dyspnea and pleural effusion. Sometimes, the tumor is diagnosed only
after pathologie fracture.

Diagnosis

The diagnosis of tumors of the thoracic wall can be difficult and is usually
made by roentgenography and biopsy. Obviously, this does not mmply that
a careful history and physieal exammation together with indrcated labora-
tory procedures are not valuable The history may reveal the duration and
progression of symptoms and a preceding injury or treatment for previous
malignant disease The physical exammation may show evidence of infec-
tion, a systemie disease or a primary lesion elsewhere. Laboratory studies
should melude the white blood cell count, urinalysis for cells and protein,
serologic tests for syphilis and selected speeial procedures, such as determina-
tion of serum phosphorus and caleium, aeid and alkaline phosphatase, and
uric acid, and ntradermal antigeme and complement fixation tests.

Roentgenography 1s particularly valuable in the dwagnosis of osgeous
lesions In addition to the usual postero-antertor, lateral and oblique viess,
planigrams are sometimes useful m locahzing tumors, and pneumothorax
can be used to separate the Jung from a tumor of the thoracie wall that pro-
trudes intrathoracically The roentgenogram should be taken to dglmeate
bone detarl, except when 1t 1s desired to study the soft tissues specifically.
Normal results of roentgenography, however, do not rule out the dlngllOSlS
of a tumor, even an osseous neoplastn By wmtraosseous phlebogruph)’," an
osseous lesion may be demonstrated when the result of roentgenography 1§
questionable.

Biopsy 15 usually necessary to make the diagnoss
(up to a few centimeters or occupying one rib on]y),k A
excised If 1t 15 large and uleerating or fungating, biopsy 15 probably bes
performed with an endothermuc Joop with bi?olar coagulating current. FD{
large deep lesions, needie biopsy 1s most practical but selectron of trenm\kful
should not be mfluenced by a negatrve result. Needle biopsy 1 also usefu
1n the diagnosis of a small bony tumor that 13 strongly suspected of being

metastatic,
Differential Diagnosis

In the differential diagnosis of neoplasms of the thoracic }m]l o!ni]x:git
primanly consider the conditions that may symulate these lesions (tal -

1f the tumor is small
it should be surgically
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Obviously, neoplasms of the thoracie wall may themselves sunulate other
conditions, and 1t 1s well to recogmze this fact, but 1t 18 not within the limits
of this'diseussion to consider the many causes for the type of symptoms as-
sociated with neoplasms of the thoracie wall In fact, the conditrons that
can be mistaken for lesions of the thoracie wall will merely be mentioned
here Some of these are confusing only 1n a clinical sense and others (as in-
dicated by the asterisk m table 5) from the roentgenographie standpoint.

Even normal anatomie relationships may be mistaken for tumors of the
thoracic wall Roentgenographic mismterpretation of the breast or mipple
18 possible after mastectomy or when one side of the chest 15 pressed more
firmly agamst the cassette In children the centers of bone ossification may
cause confusion A prominent anteflexed but otherwise normal xiphoid has
been resected as a bone tumor **

The promment hypertrophred costal cartilage 1s probably the most fre-
quent condition for which a physician 1s asked to rule out a diagnosis of
neoplasm of the thoracic wall, but other eongenital anomalies of bone (1¢,
pigeon breast) and soft tissues (1€, polymastia, polythelia) may be clini-
cally confusing Rib anomalies (bifid fused ribs, ete ) and infantile cortical
hyperostosis may be probleins from the radiologic or elinical standpoint, In
the latter condition there may be tenderness and swelling over the seapula,
ibs or a clavicle with a roentgenographic appearance that can be mistaken
for osteogenic sarcoma It usually produces multiple lesions, however, and
oceurs during the first year of life

The post-traumatic conditions hsted 1n table 5 will appear primanly as
masses with varymg degrees of tenderness The history of trauma may be
of little help m the differential diagnos:s, sinee 1t 1s so common 1n primary
neoplasms of the thoracic wall Muscle rupture 1s most likely to occur 1n the
trapezius muscle Myositis ossificans deserves special consideratton, since
1t not only can resemble a sarcoma from the chnieal and radiologie stand-
pomt but may possibly undergo mahgnant change3® In the days before
the recoiless mifle 1t nas a more common finding m the thoracie wall than
at present, for 1t used to be known among the infantrymen as “drill bone”
or “exercise bone,” the result of 1njury to the pectoralts musele by the impact,
of the discharging musket

Infections may simulate tmnors, granulomatous or ulcerative lesions of
the soft tissues of the thoracie wall or inflammatory lestons of the bones.
They may not be easily differentiated from primary neoplasms without bi-
opsy or eulture The infectious diseases of greatest importance 1n the dif-
ferentzal diagnosis of neoplasms of the thoracic wall are those produced by
pyogenie bacteria, tuberculosis, actinomycos:s, blastomycosis, syphilis and
brucellosts. The presence or absence of a systemic septic response 15 not al-
ways helpful in differential diagnosss, sice this may be present with some
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neoplasms, notably Ewing's tumor, or may be masked in an antibiotic-
treated mfection. It is important to think of arthritis, particularly gout, n
any painful swelling of the articulations.

Of the circulatory eonditions that may simulate neoplasms of the thoracie
wall, the aneurysmal bone cyst and the phantom bone (spontaneous absorp-
tion of bone) may actually be benign tumors of a hemangiomatous nature
The aneurysmal bone eyst 15 most conimon in the vertebrae of adolescents.
Slowly progressing pam and swelling are the usual symptoms The charac-
teristic roentgenographic features have been described as a “subperiosteal
blowout* 1n which there 1s an eccentric, ballooned out distention of the
periosteum into the soft tissues, surrounded by a thin layer of cortex or
periosteal new bone. Trabeculae are present in the rarefied area, being coarse
at the periphery and more delicate toward the center. Recommended treat-
ment 15 exeision or curettage with irradation for those in inaccessible regrons.
Without treatment, progressive local destruction will oecur. Even with in-
complete treatment the tumor has been known to regress

Spontaneous absorption of bone 1s a rare condition but most cases have
mvolved the thoracie wall, often with massive destruction of a large
area & 1113

Of the metabolic disturbances that must be differentiated from neoplastic
disease of the thoracie wall, lipid reticuloendotheliosts is the most unportant.
Bony defects, usually multiple, may be seen in all three \'ar.mtions of this
disease The most important entity, however, is the eosinaphilic granuloma
which represents the disease as 1t occurs in the older children and aduits It
15 most common 1h men. There 1s a sudden onset of pam, swelling and tender-
ness The radiologic picture shows sharply defined, roundegl or scalloped
translucencies centrally placed in the bone (frequently the nl')s ungl seapu-
lae) which may be expanded by it. It responds favorably to irradiation m
moderate dosage, but Iesions may heal spon(aneous?y. Wb

Of the remaining conditions hsted 1 table 5 brief comment should be
made about fibrous dysplasia of bone and Tietze's syndrone The former IIS
a common condition occurring with greatest frequency in the nibs ,\lthou';;, h
1t 15 usually polyostotie, monostotic lesions are not rare It affcc.ts Pf"r‘:;r; ‘5"
young people and is usually asymptomatic, the lesions bemng d;fl‘lo‘ edxscﬁe
roentgenography of the chest. Rarely 1s there a 5)'5“3‘"“" f‘,’m‘," t»‘cd om o
with cutaneous and endocrine changes known as “Albright’s S)Yl”t o
Well defined zones of rarefaction, which are multilocular or (rgbecu 2 (‘(

eraphically. The lesions develop
appearance, are demonstrated rocntgenographie wltiple, the
slowly and are said to stop growing at puberty. If 195‘0“5]“""6{‘;'" re i
patient should be kept under observation and treated on )'l el
dence of mahgnant change; single lesions should be excised.

: . en de-
Tietze's syndrome may not actually exist as an entaty but 1t has be
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seribed as “painful, nonsuppurative swelling of the sternoclavicular or costo-
chondral joints.”?* The second costochondral junctton 1s the most frequently
mvolved Pain 1s dull and aching, and accentuated by deep breathmng and
coughing It persists for weeks or months but there 1s no permanent dis-
abihity. The swelling 1s mmimal and there are no signs of inflammation.
There are no roentgenographic or laboratory abnormalities, Treatment 15
symptomatre,

Treatment

Management of tumors of the thoracic nall depends on various factors
(1) histogenesss, (2) growth propensity, (3) location, (4) extent of mvolve-
ment, (5) fixation, (6) regional or distal metastases, (7) primary or recurrent
status, (8) sensitivity to irradiation and (9) patient’s general physical status
(particularly respiratory and cardiac) m relation to extent of surgical exci-
ston required for cure The imtial objective should be determination of the
histologie type of the tumor Only m rare mstances m which the clinteal pic-
ture strongly suggests a benign lesion should bropsy not be done Houwever,
if the question of a neoplasm exists, the patient must be kept under close
observation Whereas not all benign soft tissue neoplasms require treatment,
st 13 preferable to remove all accessible lesions to prevent contmued gronth
or mahgnant transformation Observation without biopsy 1s not recom-
mended for the “benign” bony lesions unless they are multiple because one
ean never be sure a bone lesion 1s not mal: However, | Y 15

uggested by the existence of the tumor for many years without

change or the roentgenograplie appearance of crreumscription and expan-
ston without destruction of the bone On the other hand, a malignant tumor
1s suggested by the sudden onset of pan, rapid grow th and reentgenographic
evidence of an 1illdefined, destruetive lesion that perforates the cortex or
transgresses the to form an d soft tissue tumor Also,
1t 15 more likely to be present when adjacent or multiple bones are mvolved,
and when the tumor 1s 1n the sternum

Surgical exeision and roentgenotherapy are the usual methods of treat-
ment of tumors of the thoracie wall Endocrine therapy 1s extremely valu-
able 1n the management of mammary cancer, and metastatic earcinowma of
the prostate Chemotherapy 1s of hmted usefulness m neoplasms of the
thoracie wall, and perfusion 1s impractieal Therapeutic wrradiation or sur-
gical exciston should be preceded by biopsy In fact, at the time of biopsy
the surgeon should be prepared to perform definitive surgieal treatment 1f
this seems necessary.

The most useful applieation of wradiation s in the palkative treatment
of metastasis to the bones In this regard, success 15 sometimes achieved 1n
tumors ordmmanly considered to be radioresistant. Retieulum cell sarcoma
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15 the prunary mahgnant lesion that responds most favorably to irradiation,
Ewing’s sarcoma and myeloma are also radiosensitive. However, localized
tumors, even though radiosensitive, are sometimes more easily excised. In
general, irradiation should be employed only if (1) consent for operation 1s
refused, (2) the tumor 1s in a surgically inaceessible area or (3) is not re-
sectable. Fractional roentgenotherapy has been able to retard the growth
and reduce the bulk of nonoperable tumors so that they become reseetable®
Several cases have been reported of malignant tumors developing at the site
of irradhation of bone®

The principles of surgical treatment are essentially the same as for tumors
elsewhere in the body. Resection should be done, although 1n certain areas
(te, body of the vertebra) this may not be feasible. Excision with a wide
margin of surrounding, ummnvolved tissue 1s necescary for malignant tumors.
Sarcomas frequently are pseudoencapsulated and one must avoid the temp-
tation to enucleate them. It should be remembered that depth of excision is
as mmportant as width. For tumors ansing in or invading the skeletal cage,
1t 18 necessary to resect the bones, and underlying pleura in the case of the
1ibs In the treatment of malignant tumors, the entire nib must be removed
because of the great propensity for intramarrow*® and periosteal’ exten-
sion, In primary tumors portions of 2 adjacent ribs should be removed as
well, Lesions of the clavicle should also be totally resceted. If the tumor is
at the lower end of the sternum and seapula, however, the upper portior}s
may be preserved Obwiously, with tumors of the vertebra, resection is
possible only when the spinous or transverse processes are involved For
Jesions of the body of the vertebra, the only feasible surgical procedure 15
curettage. It must be realized that the bulk of a tumor of the thoracic wall
may extend mtrathoracically In such cases, the pleural space should be
entered about two mnterspaces away from the obvious tumor in order to
evaluate tlus extension. If 1t 1s mvolved, one should not hesitate to resect
portions of the diaphragm, pericardium or lung Although many tumors of
the thoracic wall do not metastasize via the lymphatie system, resection of

regtonal lymph nodes should, 1f possible, be done in those that do (those of

epithebal ongin, thabdomy malignant synoviomas and spindle

cell sarcomas of undetermined histogenesis). .

Except for excision of tumors of the external soft tissues, resection of tlfe
thoracie wall was not safe until introduction of positive pressure anesthesia
Just before the turn of the century Parham,® who published m 1899 the
first review of tumors of the thoracic wall, quoted Dioﬁex}bach as saymyg
that “the Itke operations go too much counter to all’p'hysxology and Gl‘:‘
to the beautiful saving art the appearance of cruel ann1hx!ntwn-lvechamcsd
However, at present, extensive resections can be accomplished \mhou':]zli i;
den pulmonary collapse and shock. The problems of the resultant para
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motion of the thoracic wall (1nadequate ventilation, poor cough mechanism
and clearing of seercetions) can be temporarily controlled with tracheostomy
or obviated by various thoracoplastic procedures using fascal or prosthetie
grafts, osteoperiosteal flaps, sk (including breast} and muscle flaps How-
ever, there 1s httle functional or cosmetic disturbance from removal of one
or two nibs, the sternum, clavicle or even the scapula Large bony defects
are well tolerated 1n the upper portion of the posterior aspect of the chest
because of the thick musculature here. Whenever the upper portion of the
sternum 1s removed, McManus and associates®® recommended exciston of
the medial halves of the clavicles also since removal of the support of the
clavicle allows 1t to compress the neurovascular bundle The only indica-
tion for mt lothoracie 1on of the arm 1s an extensive malig-
nant tumor of the scapular region with involvement of the shoulder joint

Prognosis

Many factors mfluence the proguosis of tumors of the thoracie wall, the
most 1mportant being the growth propensity of the neoplasm As a rule,
however, these tumors have a poorer prognosts than the same types occur-
ring elsew here, particularly the extremities

Tuators oF Sorr Somaric Tissues

Soft tissue neoplasms may oceur anywhere on the thoracte wall (table 2).
In collected series often antersor lesions are not differentiated from posterior
ones In fact, tumors of the posterior thoracic wall are frequently ncluded
with those occurring on the “hack ” Also, many neoplasms have been des-
ignated as histologeally undifferentiated, providing a heterogenous group
which defies accurate deseription The following discussion 1s based on tu-
mors of known histogenesis

Epithehal tumors (table 1) are essentially tumors of the skin and breast
They will not be considered 1n this dizcussion

Fibrous Tumors

Of the fibrous tumors (table 1} only the fibrosarcoma, which is the most
mportant malignant tumor, nill be considered here. It occurs i young
adults, frequently 1n the region of the shoulder, as a deeply fixed, firm, pam-
less nodule which only secondanly mvades and ulcerates the skin Blood-
borne metastasis (lungs) 1s common but lymph node metastasis occasion-
ally occurs Treatment 1s radieal surgical excision, with removal of the
regtonal lymph nodes 1f palpable or when the tumor 1s m close provimity
to them. It 1s not lered to be a radi ive tumor, but because ir-
radiation mnduces some shrmkage and reduetion i growth activity, 1t ean
be used palliatively for an othernise nonresectable tumor. Solitary pulmo-
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TABLE 1~Soft Tissue Tumors of the Thoracie Wall

Typs of Tussue

Benign

Maligoant.

Epithehal
Epidermal

Adenexal
Breast

Other

(8ebaceous, apocrine
and eccrine glands
and hair)

Fibrous

Adipose

Muscle

Smooth
Strated

Verruca (Wart)
Seborshete heratosis
Semle keratosis

Belanocs tic nevi
Intradermal
Junctional

{Jodassaha-

Keratinous cyst
Sebaceous cyat
Steatocystoma multiplex
Dermoid eyst

Squamous cell earcinoma

Bowen's disease

Basal cell eareinoma
~—superficial basal cell ¢
cinoma

Mablgnant melanoma

Juvenile melanoma

Makgaant blue nevus

ductal 1l Ad, :
Scirrhous
Medullary
Comedo
Fibroadenoma
¢ Tecul C Phyllodes
Perteanalicular Paget’s disease
Adenoma Carcinoma of sebaceous, apd
Sebaceous epithelioma enne or ecerine gland
Apocrine
Byringoma
Cylindroma
Myo-epithelioma
Trcoepithelioma
Calorfying epitbelioma (Mal-
hebre}

Hidroadenoma papilliferum
Fibroma
Kelord
Desmord
Dermatofibroma
toma)
Lipoma
Lipomatosis
Hibernoma
Lelomyoma
Rhabodomy oma
Granular cell my oblastoma

(Histocy-

Fibrosarcoma

Dermatofibrosarcoms protube-
rans
Liposarcoma

AMalignant hibernoms

Leiomyosarcoms

TRhabdom) 0sarcoma

Mahignant granular cell myo-
lastoma

U Y Rt
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Type of Tissue Bemgn Mahgnant
Vaseular Hemsngioma Metastasizing angioma
Capitlary Anguostrcome
Hypertrophic Kapost’s hemorrhagie sarcoms
Cavernous Angoendothelioma.

Reticulo endothelial

Peripheral Nerve

Sypovial

Undifferentiated

Heterotopic bone and car-
tilage

Pyrogeme granuloma
Lymphangtoma
Capnltary
Cavernous
Cystic hygroma
Glamous tumor

Y b )

Hemangiopericy toma
Granulation cell sarcoma
Lymphangiosarcoma

Reticulum cell sarcoma
Stem cell lymphoma
Clasmatoey tic lymphoma

Ly mphosarcoma
Lymphoblastic lymphoma
Lymphocytic

Follieular tymphoma.

Hodgkin's disease

M; ocosts fungoides

Neunlemoblastoma (Neuro-
fibroma)

Neurofibromatosis

Neuroma,

CGanghoneuroma

Benign synovioma

Guant cell tumor of tendon
(xanthoma)

Myxoma

Mesenchy moma

Osteoma

Chondroma

Synovial sarcoma

My osareoma

Malignant mesenchy moms.
Osteogene sarcoma
Chondrosarcoma

nary metastasis does not preclude radical treatment since associated pul-
monary resection may be curative

Adipose Tumors

Lipomas are undoubtedly the most common fatty tumors m the thoracic
wall They usually occur 1 the tissue of 1 women
but sometunes m the intermuscular planes Lipomas transilluminate
whereas neurofibromas do not They appear as circumseribed radiolucent
areas on soft tissue roentgenograms With increasing size, they can produce
pressure; therefore, large ipomas should be exised Local recurrence 1s pos-
stble 1f all pseudopedia are not removed Malignant transformation 1s rare,
probably only m etremely bulky tumors Most Liposarcomas are believed
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of cavernous Iymphangiomas is the shoulder, and the eystic hygroma is not
mfrequently seen in the thoracic wall, particularly the axllary region.
Lymphangiomatous tumors are radioresistant and require excision,

Although most frequent on the finger tips (1n women) or forearms and
knee (1n men), glomus tumors (table 2) have been reported in the thoracic
wall.** They are radioresistant and require excision.

Retiwculocndothelial Tumors

Malignant lymphomas (table 1) are multiple, 40 per cent of patients
mtially scen with solitary lesions eventually having generalized disease.
Leukemia develops 1n some, particularly n the lymphosarcoma group. Of
the 618 malignant lymphomas reviewed by Gall and Mallory,™ only 7t
were localized Only one of these was definitely in the thoracie wall (but in
a bone) but another was reported 1n the “back.” Although most mahgnant
lymphomas ave radiosensitive, excision is probably the best treatment for
localized lesions.

Neurogenie tumors nay arnse from the nerve sheath (neurilemmoma,
neurlemmoblastoma) or the nerve fiber (neuroma, ganghoneuroma). In
the thoracic wall intercostal nerves are usually involved, the most frequent
location of the tumor being the lateral aspect of the chest and the least fre-
quent the anterzor thoracic wall ¥ A tumor ansing from the brachial plexus
may be discovered on the thoracic wall, however! Neurogenie tumors can
attamn a large size without producing symptoms, particularly if they pro-
trude intrathoracically, where the only roentgenographic abnormality may
be a soft tissue density, perhaps with erosion of the rib or vertebral body.

Benign tumors are much more common than mahgnant ones and at leflst
80 per cent are neurofibromas 7 Malignant transformation occurs anly. nith
neurofibromas and ganglioneuromas According to Pack and .Ariel,? it de-
velops m 10 per cent of patients with neurofibromatoss, but 1s gencmlla)ﬂ’
of low grade m contrast to neurogenic sarcomas which avise de novo
Single tumors should be excised, the ntercostal nerves can be saerificed
without disability. E: 1St led for multiple tumors only when
cosmetically desirable or when the lesion becomes comp}icntcd (trauma-
tized, nfected or growing). Patients with neurofibromatosis should be kept
under observation, however, especially during pregnaney npen changes are
prone to occur There 15 some question whether neurogenic sarcoma ever
exists as an entity separate from fibrosarcoma ** Tlm§e tumors usua}ly occfur
m young adults They are rachoresistant and require radical e\cmonv gr
cure Rib resection should be done when an imntercostal nerve 1s mvolved.
The prognosis 1s favorable with this treatment.

Synovial Tumors

That these tumors rarely

occur 1 the thoracic wall is not surprising % hen
one considers the relatively small amount of synovium

(the joints of the
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TaBLE 2—Relative Incidence of Chest Wall Intolvement
(8aft Trssue Neoplasms)
Author No of Cases Most Frequent Site No | %2 _,§ :g
RN
Mahignant Melanoma
Webster et al (194) 162 Lower extremities sif3| 8| 5
Columbia University
Ackermann (1949) 185 Lower extrenuties 68] 25
Buarnes Hospital
Desmard
Pearman and Mayo (1942) 7 Antersor abdommnal | 53] 10 | 6] 4
Mayo Clinie wall
Fibrosarcoma.
Warren and Sommer (1936) 136 Leg a2 5| 7
Harvard Umversity
Gentele (1951) 90 Leg 2] 6| 7
Radiumbernmet
Pack and Anel (1952) 39 Arm 15 9| 2| 7
Memorisl Hosprtal
Dermatofibrosarcoma Protuberans
Hertzler (1926) 22 Ingumnal region 1 3
?
Tack and Tehah (1951) 3 Trunk wlul sl 6
Memonal Hospital
Gentele (1951} 38 Abdoraen ul o) 7|2
Raciumhemmet
Lipoma.
Adair et 2l (1932) 352 Forearm 40,94 |39 | 55
Memortal Hospital
Liposarcoma
Pack and Pierson (1951) 105 Thigh 2| oho
Memonal Hospital (non viscerab) | ’
Lesomy oma
Stout (1937) 80 Leg isln) 3
Litersture
Stout (1937) 15 Leg 6 1|10
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Author No of Cases I Most Frequent Site No E; _,;E i
& 3
Rhabdomyosarcoma
Pack and Eberhart (1952) 100 Thigh aln
Memorial Hospital € ﬁl 5
Hemangioma
Shallow et al (1944) 335 Gastrocnemins 31401723
Literature
Elkin and Cooper (1947) 19 Head 6 3
Emory Umversity
Angiosarcoma
MeCarthy and Pack (1950) 20 Leg 7 2] 2] 0
Memorial Hospital
Hemangioperieytoma
Stout (1949) 25 Leg of 1{0f1
Collected
McCormack and Gallivan (1954) 14 Lumbar region 2
Cleveland Hospital Thigh 2 4
Glomus Turnor
Beaton and Davis (1941) 211 Female-fingers 118 1 0
Luterature Male forearm 39
Ruveros and Pack (1951 20 Fingers 7 2 1
Memoral Hospital
Benign Neurilemmoma
Geschickter (1935) 70 Head and neck 31 8
Johos Hopkins Hospitat (skin)
Pack and Anel (1958) 63 Neck 21 5 1
Memonal Hospital
Malignant Nearilemmoma.
Vieta and Pack (1951) 31 Neck 72 t
Memorial Hospita) Anterior surface i
Forearm 7
Synovial Sarcoma

Pack and Anel (1950)
Memonal Hospital

f 0 ; Knee
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thoracic wall are not freely movable) and tendon sheaths (the only true
tendon m the thoracic wall belongs to the pectoralis minor muscle where
1t 1nserts 1nto the coracoid proeess of the scapula) However, there 1s a re-
port of a giant cell tumor of the tendon sheath® and several synovial sar-
comas'? ** have been deseribed These tumors were not 1n the region of
joints, although they may have arisen from bursae, and support the opinion
of Haagensen and Stout' that synovial sarcomas do not arise from hving
cells of joints, bursae and tendon sheath, but may come from mesenchymal
tissue as suggested by Eisenberg and Horn ** Synovial sarcomas have shown
variable radiosensitivity Although generally considered to be radoresist-
ant, cure by 1rradiation zlone has been reported  However, wide surgical
exeision 1s the treatment of choice Regional lymph node resection 1s 1n-
dicated, because although the tumor metastasizes primarily via the blood
stream, 1t also spreads to the lymphatic system mn a higher incidence than
any other sarcoma

Mesenchymal Tumors

There are two groups of tumors of primitive mesenchyme (1) myxomas,
which reproduce the char: 108 of primitive hyme and (2) mes-
enchymomas, which develop the diverse growth potentialities of the pro-
dromal structural cell Myxomas are uncommon but have been seen 1n the
thoracic wall (espectally the breast) and should be widely resected because
of therr strong tendency to nfiltrate with pseudopodia Stout** questoned
whether the term, myxosarcoma, should be used, smce these tumors do not
metastasize, but they can cause death by invading contyguous organs Mes-
enchymomas are extremely rare but at least one case has been reported 1in
the thoracic wall  These tumors are usually malignant and highly invasive
Radical excision 15 indicated

Heteroptic Bone or Cartilage Tumors

These extraskeletal tumors probably arse also from primutive mesen-
chyme Several examples have been reported in the thoracic wall Such
tumors must be differentiated from myositts ossificans and from periosteal
sarcoma The tumors m this group are less mahgnant than their counter-
parts in the skeletal system but radical exeision 1s indicated.

Tunors or BoNE axp CARTILAGE

Neoplasms of the skeletal cage of the thoracie wall (table 3) are less
eommon than those of the soft tissues, although 10 per cent of bone tumors
oceur 1n the ribs If one excludes metastatic tumors and myelomas, they
are relatively uncommon They are twice as common m males as 1n females
In contrast to soft tissue neoplasms which, because of breast tumors, are
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Table 3—Tumors of Bone and Cartilage

Tyve of Tussue I Benun Mabignast
I

Hematopoetic Myeloma (plasmoc) toma)
Multiple myeloma

Primsry maligrant Iy mphomas of

bone

Reticulum cell sarcoma
Lymphatic lymphoma
Hodgkin'’s malignant Iymphoma

Chond

Cartilaginous O: h
Multiple exostoses Primacy
Chondroma Secondary
Chondroblastoma
Chondromyxaid fib-
roma
Osseous O-tegma (Usteogenic sarcoma
Osteoid osteoma Darosteal osteogenic sarcoma
Osteoblastoma
Unknown onigin Simple bone cyst Ewing’s tumor
Grant cell tumor (os- | Mslignant giant cell tumor
teoclastomay)
Adamantinoma
Fibrous Nonosteogente  §i- | Fibrosarcoma
broma
Vascular Hemangioma Malignant angioma
Angrosarcoma
Angioendothelioma
Adipose Lipoma Liposarcoma
Central
Perosteal

Secondary hipomato-
a1s
Nerve Neunlemmoma
Notochord

Undifferentiated mesenchyme | My toma
JnamerepTiied mosenetwe e o0

much more common 1m females The tumors have been found 1 all bo.nes of
the thoracic wall (table 4) most frequently in the ribs and least in the
sternum At least 75 per cent of these tumors are malignant. Almost n.ll
tumors of the sternum are mahignant. In the relatively inaccessible thoracic
vertebrae, 1f metastatic tumors and myelomas are excluded, fortunately tu-
mors are usually benign. .
The most common primary tumor of the thoracic wall is the myc{omn

In operative senes, however, the most common tumors are cartilaginous
except those m the vertebrae, which are usually giant cell tumors.

Chordoma

Hematoporetic Tumors
Multiple myeloma is the most common neoplasm of bone. In gt;nr:ﬂli;‘:
solitary plasma cell myeloma (plasmocytoma) is beheved to be the sa
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disease but locahized, Multiple myelomas are frequently seen m the skeleton
of the thoracie wall (table 4) and often appear as a solitary lesion but
seldom remain so Myeloma of bone oceurs predomnantly in older men and
15 rarely seen i patients younger than 30 years of age Progressive localized

Tanie 4—Relatwe Incidence of Chest Wall Intoliement (Bone and Cartilage)

gl 2|«
Author No of Cases [Mostiewent iy | Ho| 4| | 22 T verr
EREEEE]
“Solitary” Myeloma
Pasternack and Waugh (1939) 31 | Femur o« [o[of1fo3
Laterature
Bayrd and Heck (1947) 10 |Vertebra | 4[4 |ojor1/12
Mayo Clime
Carson et al (1955) 18 Vertebra 9 14 1/0/0/ 0/ 9 1n ?
Washington Unsv , St Lours, Mo vert
Multiple Myeloma
Geschichter and Copeland (1949) 8% | Vertebra | 18p1+1s] 7 7] o 15.1m 2
Jobns Hophans Hosptal vert
b 15
Carson et al (1955) 78 | Vertebra | 82(61+435| sit110l 52 1n 2
Washington Umv , St Louss, Mo vert
Dahhin (1957) 140 | Vertebra | 4732417 5| 8/ 2/ 47 n ?
Mayo Clinie vert
Reticulum Cell Sarcoma
Parker and Jack<on (1939) 17| Femur 55 | oo 410
Bone Sarcoma Registry
Franers et al (1954) 44 Femur 118442 2/0[4 2 1n ?
Memonial Hospatat vert
Dahhn (1957) 70 Femur 18/ 94 4/ 0/ 0} 56 n ?
Mayo Clime [ vert
Osteochondroma
Geschickter and Copeland (1949) 318 | Femur 871t 1] 2ol 1
Johns Hopkins Hospatal
Dahhin (1957) 272 Femur 7935 | 9,0/ 3221
Mayo Clime } ]
Chondroma
Coley (1949) 2 | Hand nl1 [1]doloo
Memona) Hospital 1]
Gesehickter and Copeland (1949) u3 | land 4022 hol g2 1] 1
Johns Hopkims Hospital ' l ‘ ’ |
Dablin (1957) 9 | Hand 56/ 6430 03 4 m ?
Mayo Chine | I ‘ vert
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£l e
Author No of Cases |MostEreanent g | 2o of 81 22| T ten
EREELH
Chondroblastoma
Geschickter and Copeland (1949) 2% | Femur sl1 |ofolol10
Jahne Hoplans Hosp
Dahlin (1957) 18 | Femur 74 {20020
Mayo Clime
Dahiin (1957) 61 |Femur |25/2 (0]0[0/2/0
Laterature
Chondrosarcama
Geschickter and Copeland (1910) 121 | Femur 403+ 1fol1lgf2m 7
Johns Hophins Hosp vert
(primaty)
Geschickter and Copeland (1919) 3
Johns Hophins Hosp (Secondary)| Femur | 13/ 3+{ 0 ol o3 1m?
vert
0Neal and Ackerman (1952) 40 | Femur o1t [iofciol 1o
Washington Umiversity, St Louss,
Mo
28 | Num

Dablin (1057)
Mayo Clime

58171 47 1 4'|3‘6

Osteord Osteorna

Jafie and Lichtenstemn (1940)
Hospital of Joint Disease, New York
Sherman (1947)

University of Clucago
Dahlin (1957)
Mayo Chinte

33

30

57

Tibia
Femur

Vertebra
Femur

o+] oo/ ofo/3m >

Bemign Osteoblastoma

Lichtenstein (1956)
Wadaworth General Hospital, Los
Angeles

Dahlin (1957)
Mayo Clime

Coley (1919)
Memaonal Hospita

Geschickter and Copeland (1949)
Johns Hoplns Hos

Geschickter and Copelmd (1949)
Johna Hophins Hosp

Cade (1955)
Westmumster and Mount Vernon

Hosp , London
Dahlin (1957}

1 Vertebral | 4[1 (0] O(0fO[ L
column
17 | Vertebral | 8{3 [0/ 000
column,
sacrum
Osteogenic Sarcoma
;
253 Abnutknecd?{)iﬂl 14 3,‘210 2
187 | Femur 75| 6 2| o' o 2| 1
LT Femur sol 4 (o012
(osteolytic) | ,
b5 [o] o0 4/ 1 m
133 | About knee] wl -
169 Abomkneemlzx ml s‘ 3
N N S LN B B By

Mayo Clinie
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Author No of Cases | Most Frequent |y, T v
Simple Bone Cyst
Sitver (1912) o7 |Femur |313 |0l o300
Laterature
Coley (1949) 52 | Humerus |26/2 |20/ 0l0f0
Memorial Hospital
Geschickter and Copeland (1949) 250 | Femur 777 |20 401
Johns Hophins Hosp
Gusnt Cell Tumor
Geschickter and Copeland (1949) 199 | About kneeli0al7 to 2f o] 1] 4/ 1 1n »
Johns Hopkins Hosp s vert
Windeyer and Woodyatt (1949) 38 About knee| 9 1+] 0{ 0{ 0 1/ 5 1 ?
Middlesex Hospatal, London vert
Prossor (1940) 25 | Humerss | 8{0 | 0] o]0
Westminister Hospital, London
Murphy and Ackerman (1956) 2 | Abouthnee| 122 |0l 0| 0| 0 2
Buarnes Hospital
Dahlim (1857) 100 About knee| 84] 1 140000
Mayo Climie
Coley et al (1058) 108 | Aboutkneef 52 4 {2{2[0f 0l 0
Memonal Hospatal
Mahgrant Giant Cell Tamor
MacGuire and McWhorter (1924) 20 | Aboutknee| 13/ 0 | of o] o of 0
Presbyterian and Bellvue Hospital Femur 5
Smmona (1931) 16 | Femur | 36] 5+ 2000/ 3/ 4 m »
Bone Sarcoma Registry (1025) vert
Geschickter and Copeland (1949) 7| Humerus | 21200011 1 2
Jokns Hopkins Hosp vert
Murphy and Ackerman (1956) 5 | Femur 30 oo
Barnes Hosp , Bt Lows
Dahlin (1957) 1 | Aboutknee| 9|0 [0 ol ol ol 0
Mayo Clinte Femur 7
Coley et al (1958) 15 | Aboutkneel 710 [o| 0/ 0|00
Memornal Hospital
Lming’s Tumor
Morton (1940) 20 | Tk agles [13] o] sl 7] 0
Bone Sarcoma Registry Femur |39 ‘
Gesehickter and Copeland (1949) 167 | Femur 4020 {7{ol5lslo
Johns Hopkins Hospital | \
Coley {1949) ity Femur 4233 24/ 0/ 5 4 0
Memonal Hospital Pelvis z;l {
Wang and Schuly (1953) 50 Femur 910 (90 1100
Massachusetts General Hospitat ‘ \
Dshhn (1057) 14t Femur 3726 10,1/ 6, §, 1
Mayo Clinie |l
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TasLe 4—Continued

Eflefa
Author No of Cases | Most Frequent g, g § ; g T Vet
#[5|§
Nonosteogenic Fibroma of Bone
Jaffe and Lichtenstein (1942) 10 | T 4o |oadde
Hosptal for Joint Disease, New York Fibula 1
Devhin et ol (1955) 6 | Tina 4o |oooao
Henry Ford Hospital
Maudsley and Stansfeld (1956) 10 [T 710 Jodooo
Royal Free Hosp , London
Dahlin (1957) 35 | Tiba 142 (20000
Mayo Chme
Fibrosarcoma of Bone
Geschickter and Capeland (1919) 3t | Distal fe-| /3 |1]0fof20
Johns Hophins Hosp Taur
Dahlin (1957) 58 | Dustal fe- [ 135 [1]0f0 4]0
Mayo Clime mur
Hemangioma of Bone
Thomas (1942) 12 Skull o2 olofoff1
Bone Sarcoma Registry Tibaa 2
Vertebra 2]
Dahlin (1057) 13 Skatl 92 |oo002
Mayo Clime
Malignant Angioma
Thomas (1942) 15 | Femur 31 [1oooo
Bone Surcoma Registry
Coley (1049) 1 | Seaputa | 35 |2/0/0]30
Memoria! Hosp
Chordoma
fabrey (1935) 150 | Saerum | 872 |0f 0] 002
Literature
Leaney et al (1936) 19 Cramal | 91 j0fQOOL
Cleveland Chime
Jahlin (1957) 80 | Sacum |43 3 °’ 0} o8
Mayo Clinte

\am assocrated with pronounced tenderness 1s the most common complaint.

i iev ' ; trast to

*he pam is aggravated by activity and relieved by rcs't, m con
N t 0 be uncommon at night. A soft, non-
The radto-

ther mahgnant tumors, 1t 1s stated t

ulsatile expansile s elling may be found n the mvolved bone.

>gic features are of two types: (1) osteolytie, which is purely destructnve
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TABLE 5

bt Chest Wall N
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Condsisons

Of Soft Tussues

Of Bone

Normal anatomie relation-
ships—\sinterpreted
Congemtal abnormalities

Post-traumatic Conditiona

brucellons, aetinomyeo-
813, blastomy cosss, eocer-
diomycows,” histoplas-

—bpreast?
—nipple*
Zpolytheha
—polymastia

—forergn body
—hematoma
Tinyositiy ossificans®
st necrous
—post-traumatic cyst
~muscle rupture
—muscle hernia
Tlung herma

—_empyema necessitans
plasma cell mastitis
Podular nonsuppurative

—center of ossification®
~—prominent z1phor
—hy pertrophied costal car-

alies
—nfantle cortical hypero-

—fracture (espeaally nib)
—costochondral separation

—osteom;elitis*
~osteochondritis* (Carre)

—hydatid cyst®
—1nfectious arthritis

—hy pertrophic arthnitis
arth

04, )
snthrax, sarcoidosis)

Circulatory disturbances

Nutritional and metabolic
dsturbances

—edema and myxedema
—portic or intercostal artery

aneurysm
—hrombaphlebitss of chest
all ve

(Mandor's discase)

—gout

—aseptic neerovs*®
(Catsson discase)

-—aneurysmal bone eyst*
—spontaneous absorption eof
e

—rib notehing from icreased
collateral eurculation®

Lndocrine

Collagen disorders

Conditions of unknown et~
ology

Intrathoracie tumors

—periartentls nodosa
—erreumsenbed scleroderma
mor

—cprome eystic mastitss
Zp-oriasts
Ta¢anthous mgneans

—medistinal®
peneardial®
—puimonary *

—disphragmatie®

—amyloidosts —rtickets
ealanosis —scurvy
th P A
~hipid retieuloendothehosis®
—sprue
i g hy roidism®
g —acromegaly
—dermatom) out1s

—fibrous dysplasa®

—Paget’s disease of hone*
~melorheostosts*
—oxteoporkilons®
—Tietze's sy ndrome

* Condiions important from the 1

of
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and shows sharply defined punched out areas without trabeculations or
(2) multicystic, which is also sharply demarcated but may expand the bone
without produeing cortical destruction or peciosteal reaction. Fractures are
frequently seen m this latter type, and these lesions are believed 0 be less
Likely to metastasize The serum protein level may be elevated, but Bence-
Jones proteinuna 1s uncommon m myeloma of the thoracie wall Diag-
noss must be based on biopsy. Needle aspiration should be done if there 1
good evidence of multiple myeloma (multicentric lesions, charactersstic
plasma electrophoretic pattern) The tumor is radiosensitive but when 1t
appears solitary and accessible 1t 1s probably best exeised. If the disease is
disseminated, urethane treatment 1s indicated with irradiation of the pain-
ful areas. Some cases have been cured but usually other foci of myeloma
appear 1n time,

A primary mahgnant lymphoma of bone is most commonly composed
of reticulum cells. Such a tumor should be differentiated from secondary
mvolvement of bone in malignant Iymphomas and leukemia, and from
Ewing's sarcoma, since these tumors have a much poorer prognosis Usu-
ally, 1t is a solitary leston occurring n young men. Pain is often of long
duration with ultinate development of swelling. The tumor may become
extremely large while the patient continues to maintain a sense of well-
bewmg. In general, o localized ostealytic “eracked ice” appearance is demon-
strable roentgenographically Often cortreal bone is destroyed and there is
evidence of reactive new bone proliferation within the tumor The tumor
15 radiosensitive but excision is the best therapy. It may metastasize to the
regional lymph nodes so this area should be treated as well. Without treat-
ment, a localized lymphoma may cventuate into 2 systemue disease but with
treatment 1t has the best prognoss of any malignant tumor of bone.

Cartdaginous Tumors

The most common benign tumor of the thoracic eage is osteochondroma,
which 1s frequently multiple The chondromas are also frequently seen,
but chondroblastomas are rare and chondromyxofibromas are rarer. Olf
the 36 reported cases of chondromyxofibroma, 5 were m the thoracic wall ]
Benign tumors occur most frequently in persons in the sccond decade o
Iife; they usually complan only of a mass, which may have been.prc‘SE?t
for many years. Ten per cent of patients with benign tumors will imtially
have only pam The tumors are usually small but chondromas may be e:;-
tremely large. The roentgenographic picture of an osteochondroma 18 Ed-
most pathognomonic, showng the tumor on a broad stalk, the medulla‘qﬁ
cortex being continuous with that of the underlying bone. ergylar ¢a! ch:
deposits may be seen m the cartilagmous cap. Tl}c other benign “m:led
show a central well defined area of rarefaction with stippled or mot
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caleification, the lesion often expanding the bone, but the cortex remaming
intact Since almost all chondromas and a large number of other bemgn
cartilaginous tumors wall become malignant m tune, wide Jocal excision 1s
recommended This 1s particularly mmportant if the tumor 1s large, pamful
or growing, since 1t already may have undergone malignant transformation.
These criteria are also useful m the management of multiple eartilaginous
l seen after adol The histologic picture of benignancy 1s

not tn 1tself absolute evidence since numerous reports m the literature dem-
onstrate that a “bemign” tumor may recur after resection, and the same
pattent may even die years later from chondrosarcoma

Malignant cartilaginous tumors {chondrosarcoma) gre even more com-
mon m the thoracic wall than benign ones Two forms are recogmzed: pri-
mary, and secondary, thosc developmg from bemgn cartilaginous tumors
Primary chondrosarcomas occur most frequently 1n the postadolescent male
They are less common 1n the thoracie wall than the secondary forms The
usual history 1s of short d! of 1 pamn and de-
velopment of a tender, firm, nodular tumar, n[teu after trauma Late
systemic symptoms (fever and weight loss) are common, and regional
lymphadenopathy may be present A senntranslucent density hfting the
periosteumn and destroying the underlying bone (1n the case of a rib often
the entire width) 1s d rable roent; graphically The tumor 1s highly
malignant, making radical excsion the only treatment Although 1t 1s radio-
reststant, roentgenography does relieve pain and should be employed if
surgical treatment 1s contrandicated or refused

Secondary chondrosarcomas are seen i an older age group (35 to 53
years) Symptoms suggestive of a pre-existing bentgn tumor (smooth, non-
tender, hard mass) have usually been present for & long time (years) with
recent mcrease m growth and progressive pam There may be roentgeno-
graphic evidence of the underlying benign process 1n addition to the sar-
coma, which has a more granular stippled or Hoceulent appearance than
seen 10 the primary forms, Sccondary chondrosarcomas grow more slowly
than the primary forms, perhaps influenced by the older age of these pa-
tients Agam, racdieal excision 1s mdieated, and the prognosts 1s somewhat
better

Metastasis occurs often after several recurrences It 18 usually hemato-~
genous but 1s also eommon in the epidural space, suggesting extension
along the intercostal vemns to the vertebral vems

Osscous Tumors

Benign osteogenic neoplasms oceur only rarely in the thoracic wall and
are not considered premalignant lesions Osteomas and osteond osteomas
have been found almost entirely n the scapuls, whereas osteoblastomas
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have been reported only m the thoracie vertebrae. An osteoma is demon-
strated roentgenographically as a dense, smoothly outlned shadow with-
out showing destruction of bone or irregular caleific deposits, which are
characteristic of osteochondroma Excision 1s indicated if the tumor grows
large enough to produce pressure symptoms. The roentgenographic picture
of an osteoid osteoma is almost pathognomonie, having an oval area of
translucency surrounded by a ring of sclerotic bone. These lesions are
extremely painful, often awakening the patient at night. Exeision is recom-
mended. Osteoblastomas also produce pain usually by pressure on the -
tercostal nerves The roentgenogram demonstrates more or less eircum-
scribed bony destruction which may have sclerotic bone reaction at its
edges. The tumor should be excised if possible but usually one must be
satisfied with curettement,.

Osteogente sarcoma 1s the most common primary malignant tumor of
bone However, n the thoracie wall 1t oceurs infrequently compared with
chondrosarcoma.®* It may develop m any bone of the thoracic wall (table
4) It may even be found i the soft tissues.? The tumor may be eacoun-
tered 1 patients of any age, but, whereas the osteogenic sarcomas in general
have a peak meidence in the second decade, most of those reported i:} the
chest have oceurred in older adults. The scapula is 2 common site in patients
older than 50 years of age.? Pain, the earliest symptom, 1s  constant finding
and 1s rarely of more than one year's duration. An irregular, firme, non-
tender mass, usually m the postertor portion of the ribs, is almost always
present. The skin may be shiny, smooth and stretched tightly over Ehe
lesion. The alkalme phosphatase level 15 usually elevated. decreases with
effective treatment but rises agam with recurrence of the tumor.‘f tl’hﬁ
roentgenographic picture is that of a destructive Jesion with uuhsum.vt
borders, frequently periosteal reaction when the cortex is mtact, and yari-
able amounts of new bone formation within the tumor, even to the degree
of bemg heavily ossified and considerably eburnated The greatft the
amount of osteogenesss, the more likely the diagnosis. Whep ?)wm is eon-
siderable ossification beyond the cortex, the radiating striations present
the “sun-burst” pattern. The relatively unossified lesion is PTONMYI ‘I‘f‘
crotue, cystic and telangiectatic and the most likely to develop a patho ob]lc
fracture. These tumors metastasize early and should be considered luﬂll}'
malignant. Spread 15 almost exclusively hematogenous (to lungs), tfltlllozi :
rarely regional lymph node and skeletal metastases do occur. Rnt!IICﬂ ;“D
gieal excision is desirable for cure, and although the tumor 1s ?olel(]‘cmost_
be radioresistant, m most of the cures of Jesions of t'hc thoracx'c “a.r.r:dm_
operative irradiation has been employed. If excision is m?t poss.xhlc. i tmm;t
tion should be tried because Coley® reported a cure with this trea
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alone Tt 13 also considered worthwhile to resect solitary pulmonary meta-
static lesions from osteogeme sarcoma

Parosteal osteogenic sarcomas have not been reported mn the thoracie
wall

Tumors of Undetermuned Origin

Simple bone eysts may oceur 1 ribs or elavieal but are rare m any other
bones of the thoracic wall However, they are common tumors demonstrated
rather frequently 1n roentgenograms of the chest since a commoen site of this
neoplasm 1s the head of the humerus. They are most frequent m children
and adolescents, particularly males There are usually no symptoms before
development of a fracture The roentgenographic feature 1s a eircumscribed
radiolucency producing a fusiform widening of the bone The cortex 15
thinned but remams mtact unless there 1s a fracture Irradiation must be
avorded sice malignant changes have developed only after such therapy ®
Resection 15 indicated to confirm the diagnosis

Guant cell tumors, bemgn and malignant, are rare 1n the thoracie wall
They are seen 1 young adults, predommantly women 20 to 40 years old,
a group older than the patients with simple bone cysts Whereas simple
eysts are most likely to be found 1n the anterior portions of the ribs, gant
cell tumors are located 1n the epiphyses of the bone (the head and tubercle
of the nbs), The roentgenographic appearance 1s that of a well erreum-
seribed eystic expanding lesion with thin trabeculae traversing the eystie
space. Ten per cent of benign tumors undergo malignant transformation so
that resection 1s desirable In inaccessible regions (vertebra), treatment
w1th moderate doses of roentgenray may protnote healmg ** The malignant
gant cell tumor may have a more destructive appearance roentgenographi-
cally but a preoperative diagnosis is unusual unless the lesion represents the
recurrence of a treated benign gant cell tumor

Ewing's tumor 1s & common malignant bone tumor which oceurs rela-
tively often in the thoracic wall (table 4) of young children and adolescents,
Many believe that 1t represents metastatic neuroblastoma rather than a
separate entity The chinieal picture 1s charactertzed by pain, fever and
swellmg with alternating periods of remusstons and exacerbations Often,
the tumor 1s confused with an inflammatory process The roentgenographic
pieture 1s usually one of bone de:tructmn sometimes with an associated ex-
traoss mass The patl | (“omion peel”)
has been overemphasized At times there 1s the “sun-burst” appearance
that 1s typical for osteogeme sarcoma Ewing’s tumor 1s the most malignant
of all bone tumors and spreads early to other bones, but not readily to
soft tissue It 1s radiosensitive and should be treated with roentgen-ray even
when excision has been done for lnopsy
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Fibrous Tumors

The benign fibrous tumor of bone (nonosteogenic fibroma) may be a
variant of fibrous dysplasia, Although a common benign bone tumor, 1t is
rarely found in the thoracic wall (table 4). It generally produces no symp-
toms, bemng discovered solely on roentgenographic examination. The roent-
genographie preture 1s bebeved to be diagnostic—a rarefied, loculated ap-
pearing area which thins out and tends to bulge the cortex while its mner
boundary is demonstrated by a thin or scalloped line of sclerosis Observa-
tion 1s justified 1f one feels confident of the roentgenographic diagnoss, but
conservative exeiston or eurettage is safer,

Fibrosarcoma of bone is a connective tissue sarcoma which begins within
a bone and in the chest is most frequently found in the scapula (table 4).
Patients usually complain of pain and swelling of short (months) duration.
The roentgenographie picture cannot be differentiated from the osteolytic
type of osteogenie sarcoma This tumor 1s extremely radioresistant Treat-
ment is the same as for osteogenie sarcoma,

Vascular Tumors

Hemangioma of bone 1s rarely found in the thoracic cage aside from the
vertebrae. Such a tumor produces only pressure symptoms, persistent back-
ache being the most common. The roentgenographic appearance in .thc
vertebra 15 that of vertical striations, but n the ribs and clavicle thereisa
“soap bubble” appearance, and 1n the scapula and sternum there is a “sun-
burst” appearance with trabeculations radiating from a common center.
The tumor 1s best excised but m the vertebra repeated moderate doses of
roentgenray restram growth with resultant recaleification of damaged
bone ¥

Malignant angromas of bone are uncommon. They usually invo]\fe the
scapula (table 4) and rarely, if ever, the vertebrae, as benign hemangiomas
do Angromas produce pain and swelling with oceasional increased temperd-
ture and cardiac murmur.® Treatment 15 wide excision.

Adipose Tumors
Lipogenie neoplasms arising withmn the bone are extremly rare, b}‘]"
both benign® and malignant tumors of this nature have been reported in the

thoracic cage.

Neurogenic Tumors

The neurilemmatna of bone 1s usually a manifestation of ¥ 1
hausen’s disease It can be destructtve, Jeading to severe deformity ¢

chest.

"on Reckling-
f the
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Notochordol Tumors

The chordoma 1s a rare tumor of ow grade malignancy which will involve
only the vertebrae primanly (table 4), and of these, the dorsal vertebrae
least frequently. Pain of long duration 1s the prominent symptom Destruc-
tion of bone 1s d rable r phieally. E: n 1s the 1deal
treatment but irradiation should be employed 1f this 1s not feasible

Tumor of Undifferentiated Mesenchyme

Myxomas of bone have been reported m the thoracic wall m the peri-
osteum of the clavicle** and the rib, but according to Jaffe* and Lichten-
stemn® thas neoplasm never occurs outside the jaw It 1s treated by wide
local excision because of 1ts tendency to recur

SECONDARY NEOPLASMS

8 d are more than primary tumors in the

thoraeic wall They result from (1) direct invasion by tumors of the con-
tiguous organs or (2) metastases from distal 1

The most fr ly occurring lary 1 1n the thoracie wall
of a child 1s a neurobl. n women, of the breast, n men
older than 40 years, careinoma of the prostate and mn those younger than
40 years, renal cancer Invasion by bronchogenic carcinoma ts also rela-
tively The dary 1 may be the first manifestation of
mahgnant disease The presenting symptom 1s usually dull, aching pam,
most often due to involvement of an mtercostal nerve Swelling and tender-
ness may be present as well Occasionally, the first s1gn 1s an asymptomatic
tumor, with roentgenographic evidence of a bone lesion or a pathologie
fracture Metastasis to the thoracic wall may be hematogenous or lymph-
ogenous N metastasis 1s ly to the skin but occasion-
ally to the subcutaneous tissue and only rarely to the muscles. The tumors
most frequently metastasizing to the soft tissues of the thoracie wall anse
the breast, stomach, uterus or kidney The leukemias and maligrant lymph-
omas may also mfiltrate these tissues and the bone marrow. Osseous me-
tastasis 1s otherwise most common from neoplasms of the breast, prostate,
lungs, thyroid, kidney and rectum The nibs and vertebrae are the bones
of the thoracie wall most commonly mvolved with metastatic disease. The
lesions are usually destructive (osteolytie) but they may be osteoblastic

AL of dary 1 will depend on (1) the index of
suspicion as to 1ts secondary nature (2) control of the primary tumor (3)
location and size (particularly multiplieity) of the secondary lesion and
(4) the discomfort 1t produces Histologic proof of its nature 1s desirable
but 1ly the r phic features are so typical that this 1s




236 DIAGNOSIS AND TREATMENT OF TUMORS OF THE CHEST

not necessary for treatment. If metastatic disease is strongly suspected,
aspiration biopsy should be done. If the lesion appears to be single and is
well Iocalized in an accessible area, 1t should be excised. Further treatment
(radiotherapy, chemotherapy, radieal surgical procedures, ete.) will have
to be decided on for each case on an mdividual basis,
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not necessary for treatment. If metastatic disease is strongly suspected,
aspiration biopsy should be done. If the lesion appears to be single and 15
well localized 1n an acceessible area, it should be exased, Further treatment
(radiotherapy, chemotherapy, radical surgical procedures, ete.) will have
to be decided on for each ease on an individual basis.
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CHAPTER 16

Tumors of the Diaphragm

By ALTON OCHSNER, Sk., M.D., axp ALTON OCHSNER, Jr,
M.D.

Incidence

PRIMARY NEOPLASMS OF THE DIAPHRAGM are uncommon, Records of 67 cases
have been found 1n the lterature® *2 since the first report by Grancher®
in 1868 In addition, one ease of primary neoplasm in the diaphragm of
a cow’® and 2 chnical cases without histologic confirmation!® have been re-
ported,

Histologic Type

All tumors of the diaphragm should be of mesenchymatous origin but
a few representing aberrant tissues, such as liver and adrenal, have been
reported Almost as many of the reported tumors have been mahgnant as
benign; there were 34 benign and 33 malignant tumors,

Benign tumors usually anse from the tendinous portion of the dia-
phragm, often on a pedicle. The commonest reported benign tumor was
lipoma, but a benign neoplasm of the diaphragm 1s more lkely to have
fibrous tissue elements than fat or even muscle Among the benign tumors
were 7 lipomas, 8 each angiofibromas, neurofibromas and fibromyomas, 2
each hepatic adenomas, lymphoangiomas and neurilemmonmas, and one each
adrenal cortical adenoma, chondroma, dermod cyst, fibrolipomyxoma, fibro-
lymphangioma, fibroma, telangiectatic fibroma, hemangioma, leromyo-
fibroma, myoma, rhabdomyofibroma and teratoid cyst.

At times, 1t 15 difficult to differentiate even histologically the benign from
the mahgnant lesions The most frequently reported primary malignant
neoplasm was the fibrosarcoma, among the 33 cases there were 10 of these.
The other 23 were 4 mixed cell sarcomas, 2 each neurcfibromas, rhabdo-
myosarcomas and sarcomas, and one each angio-endothelioma, carc.momﬂ,
fibroangio-endotheloma, fibrosarcoma, hemangioendothehoma, leiomyo-
sarcoma, mesothelioma, myosarcoma, undifferentiated myosarcoma. endo-
thelial sarcoma, round cell sarcoma, spindle cell sarcoma and undifferentr-
ated sarcoma

Many of the reported cases are obviously of the same tustologie type
but the descriptions are not adequate enough to permit .accumte reclassi-
fication. Several were merely menttoned, no detailed chnical or pathologic
deseription having been grven.

210
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Secondary neoplasms of the diaphragm are undoubtedly more common
than primary ones, the stomach being the usual primary site The dia-
phragm 15 not, however, a frequent site of metastatic disease

Symptomatology

Diaphragmatic neoplasms may be encountered mn patients of any age.
The youngest reported case was m an mfant 11 days old, who had a
hemangio-endothehoma that had been symptomatic since birth ** A meso-
thelioma of the diaphragm discovered at necropsy on 2n 80 year old woman
has been reported *

Duaphragmatic neoplasms usually produce symptoms but oceastonally
are found on routine roentgenography of the chest or meidentally at nec-
ropsy Lipomas generally are asymptomatic The most frequent symptom 1s
pam 1n the Jower part of the chest or at times in the flank on the side of the
lesion Usually, the pain 1s accentuated with deep inspiration If the phrenic
nerve 1s involved, the pain may be referred to the shoulder and neck In at
least 4 of the reported cases, the patients had articular pam (pulmonary
osteoarthropathy), which was relieved by excsion of the tumor Sensation
of fullness m the chest and dyspnea on exertion are also common com-
plants Infrequently, cough, hemoptysis, nausea, anoreaia and loss of
weight are present

The physical signs appear to be related to the size of the tumor Usually,
dullness due to the neoplasm or associated pleural effusion 1s demonstrable
at the base of the thorax Decreased breath sounds, mereased tactile fremi-
tus and limitation of excursion of the base of the lung are detected on
Iﬂl)ﬂcal e‘(nmlnatlon In 8 of the reported cases, examination revealed a

--¢t o= b deongr gtself or displaced

Jiastinum and heart

producing impaired

cardiae filling and edema of the lower extremities A tumor covered by large

blood vessels which produced a murmur has been deseribed 1 the litera-
ture * Clubbing of the fingers may also be present

Roentgenography

The diaphragm 1s a than flat muscle which usually has a siooth superror
surface eastly outlined by the serated lung It 1s unlikely, thercfore, that
a tumor of any size can develop without some roentgenographte evidence of
s presence on even postero-antermr and lateral rocntgenograms of the
chest, However, most rad b f ‘le of the diaph are not
produced by 1 ' The roent of a !

1 deternuned by the size and shape of the tumor and the amount of pleural
reaction mduced by 1t The least susprerous picture 1s produced by a dif-
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fusely enlarged diaphragm which gives the imtial impression of “eleva-
tion ” Such enlargement from a neoplasm, however, should cause some
displacement of the Jower meduastinal structures mto the opposite hemi-
th'orax and of the abdominal organs downward. It may also be associated
with widemng of the lower intercostal spaces and destruction of the lower
ribs.? Pleural flud may conceal a diaphragmatic tumor until the flud is
remf]ved or shifted away from the diaphragm by proper positioning of the
patient. Usually, however, the picture is that of a localized, convex shadow
confluent with the diaphragm wth a sharply defined but occasconally
lobulated surface. The protrusion 1s usually into the thoracic cavity and is
sometimes superimposed on the cardiac shadow® but may appear m the
gastric bubble.® A localized deformuty is more likely to represent a benign
process, whereas an extensive shadow that obliterates the lower portion of
the thoracic cavity 1s more suggestive of a malignant neoplasm. However,
m]a roentgenographie preture is pathognomonic of n diaphragmatic neo-
plasm

Diagnosis

The roentgenographic picture described in the preceding paragraph ean
be produced by lesions both above and below the diaphragm as well as by
non-neoplastic draphragmatic conditions (table 1). Nonspecific diaphrag-
matic eysts deserve special consideration since they are frequently consid-
ered with primary neoplasms Eighteen such cysts'? have been reported, 10
of which were mesothelial, 5 bronchogenic and 3 fibrous walled Three or 4
of the mesothehal tumors may actually have been pleural cysts of the dia-

2

Primary Neopl

of Dwaphragm

TasLe 1-C,

Supradiaphragmatic

Intradiaphragmatic

orF PLEURA Cyst, neoplasm,
encapsulated pleural effu-
sion, fibrin body, fecufated
empyemn, pericardial fat

pa
oF LuNa Sequestrated lobe,

NORMAL VARIATIONS Poly-
arcuate appearance, an-
teromedial bufge

PHRENIC NERVE PARALYSIS
Complete, segmental

cysts Developmental, tu-
bercul o

eyst, abacess,
or PERICARDILY  Cyst, Nieo
plasm
or Esoruscus Enteric cyst,
reduphication, neoptasm
oF THORACIC WaLL Neo
plasm, nfection

INFECTIONS  Acute primary
P2

Infradiaphragmatic

oF PERITONEUY Lventrahon
of diaphragm, disphrag-
matic hernia, subdiaphres-
matic abscess, subhepahi®
abscess

or LIvER Hepatomegaly, neo-
plasm, ahscess (pyogeme or
of amehie), eyst (echme-
coceus), 1 obe,

Hedblom syndrome) ah-
scesy, granuloma {tuberey-
lous, syphilitte, nonspe-
afic)

vascuLar Hematoma, myo-
sitis osstficany, aneurysm of
phremic vessels, metastatic
neoplasm

hypertrophied Jobule

OF BBLEEN Splenomegaly:
neoplasm, abscess

oF sTosacR Neoplasm

OF XIDNEY ADREVALS
plasm

Neo-
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phragm Of the 18, anly 3 were asymptomatic, the usual complamt was
thoracic pain and dyspnea. All cysts were 1n adults but some had been pres-
ent for many years,

Many of the conditions that symulate primary neoplasms of the dia-
phragm can be differentiated from them only by histologic exammation.
However, a thorough diagnostic study should be done before surgical ex-
ploration, because some lesions, such as diaphragmatic hernias, ean be diag-
nosed without operation, and 1t 1s 1mportanc to ]\no\v preoperatively
whether a lesion 1s supradiaphragmatic or mfrad since the
surgical approach of each 1s different

There are 2 number of mvestigative procedures that may prove of value.
These include routine roentgenography of the chest after asplrahon of
pleural fluid, fluoroscopy, oneum, | horax,
raphy, roentgenography of the upper gastromntestinal traet, pyelography,
skan and serologic tests, examination of pleural fluid, bronchoscopy, thora-
coscopy, needle biopsy and thoracotomy

Normal roentgenographie variattons in the contour of the diaphragm
must be recognized Previous roent 2] may d rate that the ab-
normal shadow has existed for a long time without merease m size, this
would suggest a non-neoplastic leston Calesfication 1s suggestive of a chronic
mflammatory lesion, such as a tuberculous or echmococcal cyst, and 15 al-
ways present 1n myositis £ Q bl 1on has been de-
seribed 1n the roentgenogram of only one reported diaphragmatic neoplasm?
m which osteoid tissue was found on histelogie examination By fluoroscopy
1t 18 easter to determine the organ causing the roentgenographic shadow A
diaphragmatic tumor usually causes httle disturbance i diaphragmatie
function and moves synchronously with the diaphragm and not ndepend-
ently, as a subdiaphragmatic leston 13 hikely to do Draphragmatie paralysis
should be recognized An eatensive invasise neoplasm may fix a diaphragm
as does inflammation

In the absence of adhesions, air mjected 1nto the pleural and peritoneal
eavities, should separate the intrathoracie and m|ra-nb'd01:nma! organs from

¥ ISUALIZATION Of the ZASTTOLNLESUIBHL LLULL WAL LULLIGAIL 1L UWia 43 WSt iUl 1it
demonstrating a diaphragmatic hernia or an mtrinsic gastrie Jesion, but a
Primary neoplasm of the diaphragm can produce a fillng defect of the
stomnach so that the need for pneumopentoneum 1s not always obviated
Pyelography 15 helpful if a kidney or adrenal tumor is suspected. Skin and
serologic tests arc useful in the differential diagnosis of tuberculous, syphi-
litic and echinococcal lesions Esamination of the pleural flind for malig-



246 DIAGNOSIS AND TREATMENT OF TUMORS OF THE CHEST

11 Doxatr, M Tumore pnmitivo del diaframma Attr e Mem Soc Lomb Chr f0-
519524 (June) 1938
Drewes, J, avp Wittaasy, K H  Die primaren Tumoren des Zwerchfells, Thorax-
chirurgie 3 75-85 (June) 1955
13 Fextov, An unusual case of primar) eancer arsng m connection with the left
cusp of the diaphragm Brompton Hosp Rep 8: 164-165, 1034
14 Fi~cuer, Die Gewoche der Lunger und Brustfelles Henke-Luborseh Handbuch der
spezicllen anatomie und histologie Berlin, J Springer, Verlag, 1031,
15 FReEDLanNpER, 8 O, WoLpsw, S, axp MowpeLcomy, H J 1 Surgieal experience with
asymptomatic intrathoracie growths Radiology 65+ T00-711 (Nev ) 1950
16 Grizvcer, L Fibro-sarcome del diaframma 1n una vaces Guor, d. 1. Soc ed Accad
vet atal 52, 892, 1903
17 Griessmax, H Erfolgreich operativ entfernte teratosde Zyste des Zwerchfelles
Zentralbl Chir 77 785-787, 1952
18 Hrsse, E Zwerchfellresektion wegen bosartigen tumor Beitr, kin Chir 132+ 215
2

]

19 Howczinuer, L Elsodleges rehesztumor Orv Hetil, 96. 1060-1062 (Sept.) 1035
20 KEsMarkay, A B A Reshesuizom Inas Részének Fibrosarcomsi ja Magyor Ort Arch
Budapest 5 54-61, 1896
21 MiLaxovie, D, axp Ruo, 8  Primarm tumor dyofragme; provodlom jednog»slucuaja
fibromyoma daphragmaties u nas Vojno Somtetshi Pregled 13 73-76, 1936
22 Nyraxper, P E A Ein bettrag zur Neubildung des Zwerchfells Zentralbl Chir 69
929-934 (June 6) 1942 | "
23 Raeiy,C B X-ray Diagnosis of Chest Diceases Baltimore, Willams & W sthns, 1052,
1927 .
24 R\]:’N.H\“' Primaren Fortsch Ra r 78 83-89, 1953
25 TanEw, 'N Dic zwerchfelltumoren Wen Ztschr Med 29° 222-235, 148
206 Tmu;n;, S A Neurlemmoma of the ciaphragm cauemg severe hypertrophic pulmo-
nary osteoarthropathy Bnt J Tubere 52 214-217 (July) 1958 .
Tuor:}nu, E T Ueber angiofibrome des zwerchfells, Ann clur et gynaee Fennta
206-211, 1950
\Viimf W, Cravpon, D B, axp WiLLsox, D M Neurlemmoma of the duaphragm
J Thorace Surg 8¢ 750-757 (June) 1956

w
5

@
12




CHAPTER 17

Tumors of the Esophagus

By FRANCIS M WOODS, M.D

TUMORS OF THE ESOPHAGUS PRESENT 4 therapeutic challenge mfrequently
overcome Suffictently early diagnoss 1s rarely possible because the major
complaint, difficulty in swallowmg, ordmarly does not oceur until the tu-
mor has invaded the entire eircumference of the esophageal wall In addi-
tion, tumors of the upper two-thirds arise within millimeters of the trachea,
aorta and pericardium, thus often invading vital structures even before
symptoms have developed
SymproMs

The major symptoms are dysphagia and regurgitation Dysphaga first
noted with solid foods, progresses gradually to make 1t impossible to swal-
low soft and finally even hiquid foods The level at which the obstruction
oceurs 1s sensed accurately Mild pain on swallowing 1s not necessartly -
dieative of extenston beyond the esophagus, but, constant pam, which may
be felt anywhere along the course of the esophagus or even 1n the upper ab-
domen, 15 usually a sign of mvasion of the surrounding tissues On occaston,
a tumor not obstructmg the lumen but only wvading pericsophageal tis-
sues causes pain without dysphagia Since the usual diagnostic procedures
depend on recogruzing a level of obstruction mn the esophagus, the true ex-
planation 15 eas:ly overlooked for long pertods of tume. Regurgitation of
saliva and undigested food 1mnto the pharyna 1s the result of overflow of ma-
terial dammed above an obstructmg tumor Aspiration of such material
leads to cough and at tumes tracheobronchal infections Inadequate inges-
tion of food, leads to weight loss, weakness, hy poproteinema and anemia
Cough suggests mvasion of the trachea, hoarseness suggests miolvement
of the recurrent laryngeal nerves Signs of caval obstruction suggest massive
medastinal i asion

Parnorocy

The majority of tumors of the esophagus are malignant, and of these
nearly all are epidermord earcinoma In the series at the Overholt Thoracie
Clune we have encountered 83 eprdermonl carcinomas of the esophagus and
only 2 benign tumors Adenocarcinomas found 1 the lower end of the esoph-
agus undoubtedly actually anse m the stomach, but may produce esopha-
geal obstruetion The rare bemgn tumors usually oceur m the esophageal
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wall and are usually leiomyomnas, but fibromas, polyps and cysts are re-
ported Polyps have been known to develop long pedicles and have been re-
gurgitated mto the pharynx. Symptoins, if any, in the case of bemgn tu-
mors are also those of obstruction, but according to Boyd and Hull only 7
of 17 gave a history of obstruction; the others were meidental findings

DiagnosTic PrOCEDURES

Because of the maccessibihty of the organ, physical examination 1s not
revealing except for evidences of wasting Barium swallow reveals a shelf-
like deformity characteristic of esophageal earcmoma (fig 1) and may oc-
cur at any level, Benign tumors show a smooth rounded indentation from
one side of the esophagus suggestmg eatrinsie pressure (fig 2). Dxﬂ'crenti:?l
dagnosis is usually easy but diverticuli, external compression from medi-
astmal tumors and stenosts from esophagitis or corrosive agents have to be

, a f car-
Fig 1—(left) Barum swallow wlustrating typieal Toentgenogram appt‘.ll':m;l;“ :he e
cinoma of the esophagus Note the shelf-hke deformity and threadike opemng
aining esophagus . e
" Fiz 2—(?'91:!» Barmm swallow illustrating ty pieil apperrance of benign tuimo)

esophageal wall Note the Iteral ndentation
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considered Esophagoscopy will establish the diagnosis 1n most instances of
carcinoma, for a fungating tumor can be seen and a biopsy can be taken
Bronchoscopy 1s indicated 1n all tumors of the upper two-thirds because of
the possibihity of direct invasion of the trachea or man bronchi Care must
be taken not to overlook the correct diagnosis when a positive hiopsy is not
obtamed Not infrequently, the tumor burrows submucosally and pushes
normal mucosa up ahead of 1t so that the biopsy shows only mueosa In the
case of benign tumor the esophagoscopie appearance 1s that of external

Through the esophagoscope 1t 1s easy to overlook mahgnant
tumors mvolving only part of the ference of the h 1 wall or
benign tumors in the wall, for the esophagoscope may slide by such an area
The endoscopist must make a practice of inspeeting the complete cireum-
ference of the esophageal wall at all levels

TREATMENT

Treatment of bemign tumors 1s relatively easy and highly satisfactory.
Treatment of malignant tumors 1s difficult and at the present time unsatis-
factory The benign tumors, which nearly sll mvolve the esophageal wall
and do not protrude through the mucosa, can be exeised locally, usually
without opening the mucoza The surgical approach 1s transthoraeic from
erther the right or left side The esophagus 1s approached and isolated in
the area where the tumor exists The muscular layers of the wall are spht
longtudinally over the tumor, the tumor 1s shelled out, and the muscle lay-
ers reappronmmated, Polyps may be removed endoscopreally or by direct
approach through the esophageal wall.

Treatment of malignant tumors of the csophagus varies according to the
level at which the tumor oceurs The percentage of long-term survival 1s
small at any level but improves the lower one goes m the esophagus .\ long-
term survival is a ranty i the eervical portion and the upper two-thirds of
the csophagus There are appreciable numbers 1 the lower part of the
esophagus Most attempts at treatment should be considered palhative pro-
cedures for the possibility of complete excision 15 not the rule. The early at-
tempts to palhiate consisted n gastrostomy purcly for feeding purpoces
This rarely proved to be a kidness to the patient beeause even though not
attempting to snallow food constant regurgitation of cs{)plmgcal secretions
back into the pharyns continued the patient on a niserable downhill course
Torck 1s credited with the first suceessful resection of the esophagus He
resected the esophagus transthoracically and brought out the stump of the
cervieal esophagus mte a subcutaneous position Later an antethoracic
esophagus, fashioned frotm skin tubes, ereated a direet communieation from
the cervieal esophagus to a gastrostomy. The techmeal diffieultic<an inultiple
operations necessary to do this have led to abandomment of the prineiple
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Varations of the plan first developed by Adams and Phemister are the most
used procedures. They opened the chest and abdomen through a thoraco-ab-
dominal incision on the left, resected the esophagus, and brought up the fun-
dus of the stomach mto the left chest and made a primary anastomosis be-
tween the stumnp of the esophagus and the stomach. It is entirely possible to
resect the entire length of the esophagus in this manner and to bring the fun-
dus of the stomach up to the apex of the chest or even into the neck 1f neces-
sary, This left-sided approach 1s a satisfactory procedure for carcinomas of
the lower third of the esophagus. However, when one gets up mto the upper
and muddle thirds of the esophagus and has to work behind the arch of the
aorta 1t requires mobilization of part of the aorta and division of intercostal
arteries which creates techmeal difficulties. It 1s, therefore, our preference
to resect the esophagus from the right side of the thorax where sunple divi-
sion of the azygous vein gives ready access to the entire thoracic esophqgus
(fig 3). We have twice succeeded in resecting the esophagus from the right
side when 1t had previously been approached from the left side and con-

Fig. 3—Expoure of the enture
thoracie esophagus through » nght
thoracotomy ncson  Note that
after the azygous remn 18 drvided
the entire organ 13 easly aecesaible
The tumor 1s represented by shaded
arca

A—Azygous Yem

T—Trachea

RB—Right Bronehus

E—Esophagus

§—Stomach
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sidered unresectable, The right-sided approach requires a separate abdomi.
nal mnersion for mobilization of the stomach. Combined thoraco-abdominal
metsons on the right are not satisfactory.

Our present plan of surgical treatment is as follows For carcinoma of the
lower third of the esophagus cither the right or left approach may be usw},
If the left side 1s elected, the plan 1s that described by Adams and Phemister,
1f the right side 15 chosen the plan 1s that described below. For all eareing-
mas in the upper two-thirds of the esophagus or the cervical esophagus the
right-sided approach 1s used The patient must be carefully prepared by
adequate hydration and transfusions Even in the presence of a normal red
blood count and hematoerit, transfusions are given preoperatively if there
has been appreciable weight loss Blood volume determinationg may be
helpful 1 assessing the need of preoperative transfusions The first part of
the operatnve procedure consists of 2 long vertical abdominal mejsion ex-
tending up to the xiphoid process The stom‘ach 15 freed so that it can be

SCIVE LLE HIENL 2aslIOEPIPIVIC allu Basuiie yvLastls e 1egL gastrie artey
commg from the cehae axis and the left gastroepiploic artery comng from
the splenic artery are divided At times, the spleen 15 taken, Often, invasipn
of the retropentoneal glands is found Wherever possible, such glands gre
removed with the specimen If these glands cannot be successfully remoye
the procedure should be completed for palhiative purposes Thg would be
true even 1f metastases in the liver were found When the stomach 5 Com
pletely free a pyloroplasty 1s performed by splitting the pylorie murc].
longitudmally down to the mucosa This 1s done in order to avoid Petopey *
tive obstruction due to pylorospasm which 1s hkely to occur becaus o i
subsequent mjury or resection of the vagus nerves If this is ng g,
breakdown of the esophagogastric anastomosis due to gastric rey
more frequent In addition gastric uleer 1s reported by Smuth, Mouly, ,.
Adams as a late sequela of esophagogastric anastomosis for carenep q.
the esophagus when pyloroplasty 1s not done We have even S&u;f(‘-
ulcer penctrate to the thoracie sorta under these cireumstyyy, ~
massh e gastromntestinal bleedmg The unmediate hemorrhage “_uy:;
fully managed and the hole 1 the aorta sutured, but the pan,.,,h‘“‘
quently developed a false aneurysin at the site of repair, and fatg_ ™
rhage resulted one year later After the pyloromyotomy the o ™
wound 15 closed usmg through and through stay sutures since we
patients are n a state of poor nutrition R
The pattent 1s now turned on his side and the right thoray,

the
*a
e, 3,

LI
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through a standard periscapular ineision dividing from 2 to 4 rbs posten
1 order to get adequate exposure of the esophagus, The mediastinal ple
15 opened and the esophagus identified When the azygous vein is divi
the entire esophagus is exposed for ready dissection (fig. 3), The grea
diffieulty is encountered separating the esophagus from the trachea
broneht. The blood supply 11 the Jower two-thirds is from pared brane
from the adjacent aorta which must be identified and higated. In rec
years it has been the rare instance in which we have not been able to res
the esophagus, even though 1 most instances it has been mpossible to g
an adequate margm of normal tissue around the tumor, An attempt 1s m:
to get at least 2 inches above palpable tumor. The thoracic part of the ¢
section 1s the vital part of the operation. If the upper and middle thirds
the esophagus are involved, this dissection is so 1nuch easier from the rig
side, we feel that the advantages outweigh the disadvantage of having
make a separate abdominal meision to free the stomach, Once the esophag
15 freed up, 1t 15 possible to pull the stomach up through the hiatus withe
enlarging 1t Now, the esophagus is divided at its junction with thff s(oms('
In instances where the stomach 1s involved by the tumor, a portion of t
stomach may be excised. The opening into the stomach is closed with
double row of continuous chronmue catgnt suture reinforced with interrupts
silk sutures. A round 2V% em. opening 1s made on the anterior surface of t!
fundus of the stomach at the pomt farthest from the pylorus, which can no
be drawn to the apex of the chest or even mto the neek if necessary. In th
latter mstance, the pylorus will be brought to the level of tht.a dlaphrapc
without difficulty provided the stomach has been properly mobilized Ana:
tomosis 1s made between the round opening in the stomach and the esophs
gus which 1s divided well above the tumor (fig. 4). The anastomosis co;;
sists of o mucosal layer of mterrupted silk sutures tied with knots on t!
mside, and an outer layer of mattress sutures which takes th(:' full thmk\;es
of the mnusele on both sides The anastomosis is reinforeed with omenta t;
pleural flaps and tension is taken off the anastomosis by o scne&_of Sulbu" :
to chest wall, holding the stomach well up mnto the chest A Levine tul :i;
left in place in the stomach A Levine tube lying agamnst an nnaswmdjil‘d”
not a significant hazard Leaks at the line of anastotosis have fortun ‘hi
been rare 1n our expertence In those mstances where the tux'nor 13 S:) “QE
that the anastomosis cannot be made inside the chest, a third mch(lxmes
made in the neck We prefer to make the incision transversely in t;e s
of the neck rather than along the border of the sternomastoid musc :O Blm‘
conventional, In either ease, the thyroid is rotated medally c'xml t!lte.e;‘rces-
gus 15 1dentified behind the cervical portion of the tm_chea W h-e'“l i tllxse St
sary to mobilize this portion of the esophagus, it is done witl lk e
thorax still open, The esophagus 1s pulled out through the nec
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Fig +—~Dugram drawing showing
completed esophagogastrostomy af~
ter resection of the entire theracie
esophagus through the nght thorax
Note the hine of anastomosis (L) at
the level of the thoraete 1nlet and the
mloromyotomy (P) at the level of
the diaphrigm
E—T-ophagus
C—Closure of the stomach at the

esophagogstric Junction
8—Stomach

and the fundus of the stomach 1s drawn into the neck The anastomosis 13
made at that level, care bemg taken not to injure the recurrent laryngeal
nerve

Such operations usually take a mmumum of 4 and 2 maxuuum of § hours
and require from 4 to 10 umts of blood for support However, they are
phystologieally well tolerated Antibiotie therapy 15 an umportant adjunct
to treatment, because 1t 1s mnpossible to make open anastomoses without
contanmnation and secondary empyemas have been an occasional, but not
a serious problem

Smee we have been doing the described procedure, palhation has been
far better It 1s true unfortunately. that the majority of these patients
eventually show recurrences Recurrent tumor at the hne of anastomosis
18 Jess frequent with the right-sided approach because more adequate resee-
tion has been possible S1gns of tracheal or mediastinal 1nvasion can be often
alleviated by deep \-ray treatment

Deep r-ray therapy partienlarly with the 2 million volt umits now avail-
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able afford significant palliation 1 some patients as primary treatment.
There are those who feel that the chances of significant palliation are bet-
ter this way than with any form of surgery in the upper and middle thirds;
however, we do not share this view. We have found high voltage x-ray ther-
apy sigmficant help when recurrence does appear particularly if the trachea
is mvolved and cough and stridor develop. Attempts to palhate carcinoma
of the esophagus with plastie tubes have been far from satisfactory. Carter
adyises nserting polyethylene tubes through the tumor endoscopically when
resection 1s considered not feastble. Bringing up loops of small bowel instead
of stomach to establish the contininty of the gastrointestwal tract 1s franght
with hazards because 1t 1s difficult not to impair the circulation of the small
bowel which 1s brought high mto the chest. There are reports of bringing
up segments of right colon to replace or bypass the esophagus, but we have
not had experience with this procedure and have not attempted 1t, because
we have recently found that we can uniformly bring the stomach up and
make a satisfactory anastomosis, thus, restoring the normal continuity of
the gastrointestinal tract

Susyary

Bergn tumors of the esophagus are rare but readily exased. Malignant
tumors are common and amenable to only oceasional cure by any form of
therapy. Excision and pumary restoration of gastrointestinal eontmuity by
esophagogastrostomy m our hands offers the best possibility of cure and
palliation Unless this continuity 1s restored there is no palliation.

REFERENCES

1. Apaxs, W E, avp Prpsuster, D B Caranoma of the lower thoracic esophagus, :e-

port of successful rescetion and esophagogastrostomy J Thoraese Surg ¥~ 621, 1008
Boyn, D P, axp Hru, L D Bemgn tumors and eysts of the esophagus Am, J Surg

93 252 (Feb) 1957 .

3 Carter, M G Endoscopie intubation and dilatation 1n the management of esophigeal
carcmnoma Am J Surg 93 266 (Feb) 1057 "

4 Saurm, C A, MouLoEr, BV, aXp Apavs, W E - Gastne uleer folloning csop] n"wj
gastrie anastomoses for caremoma of the esophagus or gastne cardia Ann Surg 146:
630 (Oct § 1957

§ Torex, P The first suceessful ease of resection of the thoracie portion of the eophagns
tor carctnoma Surg Gynee & Obst 16 614, 1913



CHAPTER 18

Tumors of the Heart and Pericardium

By ISRAEL STEINBERG, M D, axp HENRY P. GOLDBERG,

ALTHOUGH PRIMARY TUMORS OF THE HEART AND PERICARDITM are rare, their
iagnosis 1s 1mportant because the majority are benign and curable thanks
to the new technics of open heart surgery

Cardiae tumors are classified as metastatic and primary The metastatie
lesions may become manifest by the oceurrence of wrregulartties of rhythm.
The differential diagnosis depends on the finding of a primary cause for the
mahgnancy and widespread metastases Primary cardiac tumors may also
be clasaified histologreally or by location whether they predominantly m-
volve the cardiac cavities (intracavitary), wall (intramural) or pericardium
(mntrapericardial) The clinteal manifestations not only depend on the loca-
tion of the tumor but whether they are benign or mahgnant.

Primary cardiac tumors were estimated to occur 003 per cent of all au-
topsies by Lymburner (1934) at the Mayo Chme and 00017 per cent in a
study of 480,331 cases by Strauss and Merliss (1945) Prichard reviewing
the subject extensively 1 1951 clearly established that myxomas are the
most frequent primary cardiac tumors and are truly benign tumors of em-
bryomie mesenchymal origmn Myxomas of the heart constitute about 50
per cent of the primary tumors of the heart With few exceptions they have
occurred m the atria; 75 per cent m the left and 23 per cent 1n the nght In
almost every mstance the tumor 15 polypoid and attached by a stalk to the
foramen ovale or its rim (Mahamm) MDeroscopieally, myxomas are con-
tamed within unbroken endocardaum and have few cells These are usually
gant or multinuclear without mrtoses and contam loose vascular tissue,
hemorrhage, lymphocytes, plasmocytes, muem-staining materal and col-
lagen

Cardiac sarcomas are next i the order of occurrence of the primary tu-
mors of the heart Whorton (1949) reviened the subject and found 99 cases
m the hiterature and added a new one Prichard, two years later, found a
total of 113 cases and emphasized that the tumor tended to oceur 1n the
nght atrum In addition, hemopencardum and izarre arrhythmas oceur.
The tumors may also begin 1n the right ventricle and are usually mnfiltratne
or sessile, but 20 per cent (Mahaun, 1047) have polypoid structures pro-
Jecting mto the chambers. However, distant metastases oceur n over 30 per
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cent Histologically, the tumors have been “spindie cell” sareomas (fibro-
sarcoma, fibromyxosarcoma, myosarcoma and lieomyosareoma; Prichard)
Next m frequency are “round cell” neoplasms (lymphosarcoma, reticulum.
cell sarcoma or lymphoma). Rhabd ¥ and : coma are
other mesenchymal neoplasms belonging to this group (Prichard).

Only 12 benign angiomas of the heart, 5 hemangiomas and 7 lymphangi-
omas were reported by Prichard. In 4 of these, complete heart bloek was
observed. The lesion was the cause of death in 5 patients and was an men-
dental finding i the remammng 7 cases, Fibroma of the heart 1s another rare
cardtac tumor and 1s usually a single large tumor within the myocardium,
most often the left ventricle or ventricular septum (Bigelow et al.; James
and Stanfield). Caleification within a ventricular mass, arhythmias and heart
farlure with bizarre electrocardiographic changes have been suggested as
criteria for diagnosis. Lipomas of the heart also have been only very rarely
reported (Prichard) These occur subendocardrally, subepicardially and

mtramurally.

INTRACAVITARY TUMORS

Intracavitary tumors originate alinost exclusively in the atria The most
characteristic clmeal picture 1s that of stenosis, regurgitation or both at the
mutral or tricuspid valves with no history of antecedent rheumatic fever.
The growing tumor mterferes with valvular function or mechamecally ob-
structs the onfice of the yalves Exertional dyspnea is common and when
cardiae failure develops, 1t 15 usually intractable because of the mechanical
mterference with atrial or ventricular filling Cardiac output 1s severely re-
duced and may result in the development of angma. The systolic blood
pressure 15 often low Fragmentation of tumor or dislodgement of surface
thrombi may lead to clintcal signs of embolization In some patients there
may be definite knowlege of the absence of murmurs untal the onset of the
Hness Other features include arhythmias, syncope, unexplained episotles of
dyspnea, cyanosis, orthopnes, and variation in symptoms and auscultatory
signs with ehange of position of the patient.

Conventional roentgenography in left atrial myxoma has regularly (!15-
closed enlargement of the left atrium and pulmonary artery segl.nent (Steu.l-
berg et al. 1933) These findings are indistinguishable from mitral .stenosxs
due to rheumatic heart disease. When the myxoma oceurs m the right at-
rium. enlargement of the chamber and widemng of the superior vena cava

may be expected. In three mstances, & calcified right atrial mass swas present
and was clearly outhned by “fantastic” mavements observefl durm_g fluor-
oscopy and cinefluorography (Buenger et al. {1056). Hopkins {1958], and
Bahnson and Neseman [1953]). i . .
Cardwac catheterization data are avarlable in several patients in whom



TUMORS OF THE HEART AND PERICARDIUM 257

the diagnosis of myxoma has been proved—two with right atrial myvomas
and the others with left atrial myxoma. In all cases there was evidence of
obstruction to outflow from the atria This consisted of abnormal elevation
of atral pressure. In the left atmal tumors, the pulmonary eapillary pres-
sures were also elevated Cardiac output was reduced in the patients with
the right atrial tumors- normal, in one patient with a left atrial tumor, and
reduced, before or after exercise, 1 the others, It 1s doubtful that the cathe-
terrzation data can be mterpreted as revealing more than interference with
atrial emptymg. However, m the patient reported by Bayer and co-workers
the catheterization data suggested the presence of a mass at the tricuspid
valve, This is not a proven case although the angocardiogram which was
taken suggested a right atnal tumor. A fatality following cardiac catheter-
1zation 1 a patient with a myxoma was recently deseribed by Svedberg and
Stone

iz 1—Tught atrnl mysemian a 33 vear ol soman with tricaspid stenosts amt re<
current chrome night heart fulure (A3 Conyentional frontal roentgenozram showing en-
Tirgement of the heart, espeentih the nght atnum

Anguocardiography has proved to be the definitive method of diagnosis
of intracasitary tumor Characteristic, peraistent filling defeets 1 an en-
larged atrium were noted 1 ali cases (fige 1-4) Prolapse of the tumor (fig
1B-E) during atnial systole may =ometnnes be recognized The polypord
character of the tuinor may alo be recogmized (fix 1D and ) In 'lII(‘ 3
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cent. Histologically, the tumors have been “spindle cell” sarcomas (fibro-
sarcoma, fibromyxosarcoma, myosarcoma and lieomyosarcoma; Prichard).
Next m frequency are “round cell” neoplasms (lymphosarcoma, reticulum
cell sarcoma or lymplioma) Rhabdomyosarcoma and angiosarcoma are
other mesenchymal neoplasms belonging to this group (Prichard).

Only 12 benign angiomas of the heart, 5 hemangiomas and 7 lymphangi-
omas were reported by Prichard In 4 of these, complete heart block was
observed. The lesion was the cause of death in 5 patients and was an inci-
dental finding 1n the remammg 7 cases Fibroma of the heart is another rare
cardize tumor and 1s usually a single large tumor withmm the myocardum,
most often the left ventricle or ventricular septum (Bigelow et al ; James
and Stanfield) Caleification within a ventricular mass, arhythmias and heart
fatture with bizarre electrocardiograplue changes have been suggested as
errteria for chagnosis Lipomas of the heart also have been only very rarely
reported (Prichard). These occur subendocardially, subepicardially and
itramurally

INTRACAVITARY TUMORS

Intracavitary tumors originate almost exclusively in the atria. The most
characteristic chmeal picture 1s that of stenosis, regurgitation or both at the
nutral or tricuspid valves with no history of antecedent rheumatie fever.
The growmg tumor mterferes with valvular function or mechanically ob-
structs the orifice of the valves Exertional dyspnea 1s common and when
cardiac failure develops, 1t 15 usually mntractable because of the mechamcal
mterference with atral or ventricular filling Cardiac output 1s severely re-
duced and may result m the development of angina. The systole blood
pressure 15 often low. Fragmentation of tumor or dislodgement of surface
thrombi may lead to elimeal signs of embolization. In some patients there
may be defimte knowlege of the absence of murmurs until the onset of the
illness Other features melude arhythmias, syncope, unexplained episodes of
dyspnea, eyanosis, orthopnea, and variation in symptoms and auscultatory
signs with change of posttion of the patient.

Conventiwonal roentgenography m left atrial myxoma has regularly (!IS-
closed enlargement of the left atrium and pulinonary artery segment (Steu}-
berg et al, 1053). These findings are indistinguishable from mitral stenosis
due to rheumatic heart disease. When the myxoma occurs in the nght at-
rium, enlargement of the chamber and widening of the superior vena cava
may be expected. In three instances, a caleified right atrial mass was present
and was clearly outhned by “fantastic” movements observed during fluor-
oscopy and cmefluorography (Buenger et al. {1956], Hopkins [1958], and
Bahnson and Newman [1953]).

Cardie catheterization data are available in several patients i whom
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the diagnosis of myxoma has been proved—two with nght atrial myxomas
and the others with left atrial myxoma In all cases there was evidence of
obstruetion to outflow from the atria. This consisted of abnormal elevation
of atrial pressure. In the Jeft atrial tumors, the pulmonary capllary pres-
sures were also elevated Cardiac output was reduced i the patrents wath
the right atrial tumors* normal, 1 one patient with a left atnal tumor, and
reduced, before or after exercise, mn the others It 1s doubtful that the cathe-
terization data can be mterpreted as revealing more than interference with
atrial emptying. However, m the patient reperted by Bayer and co-workers
the cathetenization data suggested the presence of a mass at the tricuspd
valve This 1s not a proven casc although the angiocardiogram which was
taken suggested a night atrial tumor A fatahty following cardiac catheter-
1zation 1 a patient with a myxoma was recently described by Svedberg and
Stone.

Fig 1—Tught atnat myxoma in a 35 year old woman with tneuspul stenowis and re-
current chrome nght heart fafure (A) Comventional frontal roentgenogram ~howing en-
Yitpement of the heart, esperiatly the naht strum

Angrocardiography has proved to be the definttive method of diagnosis
of mtracavitary tumor. Characteristic, persistent filing defects m an en-
larged atrium were noted m all eases (figs 1-4). Prolapse of the tumor (fig.
1B-L) dunng atrial systole may sometimes be recogmized, The polypond
character of the tumor may also be recognized (fig 1D and T). In the 3
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Tistologcally, the tumors have been “spindle cell” sarcomas (fibro-
12, fibroniyxosarcoma, myosarcoma and leomyosarcoma; Prichard).
n frequency are “round cell” neoplasms (lymphosarcoma, reticulum
rcoma or lymphoma) Rhabdomyosarcoma and angiosarcoma are
mesenchymal neoplasms belonging to this group (Prichard).

v 12 benign angtomas of the heart, 5 hemangiomas and 7 lymphangi-
were reported by Prichard. In 4 of these, complete heart block was
ed. The lesion was the cause of death in 5 patients and was an inc-
finding m the remammg 7 cases Fibroma of the heart 1s another rare
e tumor and 1s usually a single large tumor within the myocardium,
ften the left ventricle or ventricular septum (Bigelow et al.; James
anfield) Caleification wrthm a ventricular mass, arhythmias and heart
» with bizarre electrocardiographic changes have been suggested as
2 for diagnosis Lapomas of the heart also have been only very rarely
ed (Prichard) These occur subendocardally, subeprcardially and
wrally

INTRACAVITARY TUMORS

acavitary tumors origmate almost exclusively in the atria, The most
teristic clmneal picture 1s that of stenosis, regurgitation or both at the
or tricuspid valves with no Instory of antecedent rheumatic fever.
rowing tumor interferes with valvular function or mechanically ob-
s the onfice of the valves Exertional dyspnea 1s common and when
¢ farlure develops. 1t 15 usually mtractable because of the mecharnieal
rence w1th atrial or ventricular filling Carchac output is severely re-
and may result n the development of angma The systohe blood
re 1s often low Fragmentation of tumor or dislodgement of surface
b1 may lead to clinical signs of embolization, In some patients there
e definite knowlege of the absence of murmurs until the onset of the
Other features mclude arhythmias, syncope, unexplained episodes of
°a, eyanosis, orthopnea, and variation m symptoms and auscultatory
vith change of position of the patient
ventional roentgenography n left atrial myxoma has regularly dis-
enlargement of the left atriem and pulmonary artery segment (Stemn-
t al. 1953). These findings are indistinguishable from mitral stenos:s
 theumatic heart disease When the myxoma oceurs m the right at-
enlargement of the chamber and widening of the superior vena cava
e expected In three mstances, a ealeified right atrial mass was present
as clearly outlined by “fantastic” movements observed during fluor-
- and emefluorography (Buenger et al [1956], Hopkins [1958], and
on and Newman [1953]).
dac catheterization data are available m several patients in whom
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he diagnosis of myaoma has been proved—two with right atrial myxomas
nd the others with left atrial myaoma. In all cases there was evidence of
bstruction to outflow from the atria. This consisted of abnormal clevation
f atrial pressure In the left atrial tumors, the pulmonary capitlary pres-
ures were also elevated Cardiae output was reduced m the patients with
he right atrial tumors* normal, in one patient with a left atrial tumor, and
educed, before or after exercise, 1 the others It 1s doubtful that the cathe-
erization data can be mterpreted as revealing more than interference with
trial emptying. Howeser, in the patient reported by Bayer and co-workers
he catheterization data suggested the presence of 2 mass at the tricuspid
ralve, This 1s not a proven case although the angiocardiogram which was
aken suggested a night atrial tumor .\ fatality following eardiac catheter-
zation 1 a patient with a myxoma was recently described by Svedberg and
rtone.

et m e [N

Fig I—Riht atril myxoma m a 35 year old nomin with tneuspul <tenowis and re-
current chronie night heart fadure (4) Comventiont] frontal rocntgenozeam ~howing en-
Lirgement of the beatt, evpeetaih the neght atnum

Angrocardiography has proved to be the defintive method of diagnosts
of mtracavitary tumor Characterstie, persistent filling defects 1 an en-
larged atrium were noted in all cases (figs 1-4). Prolapse of the tumor (fiz
1B-L) during atnal systole may sonetimes be recogmzed. The polypoid
character of the tumor may also be recognized (fig 1D and E). In the 3



Fiz 1~(B) Anmocardiogram durmg atn)
the nght atrium

Fig 1—(C) Traoing of B
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Fig 1—(D) Angiocardiogram dunng attial sy stole shows the tumor prolaped through
the trcuspid valve imto the night ventricle

Fig 1—(E) Triang of D
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METR)

Fig 1—(F) Photograph of the excived specimen

patients with left atrial myxoma, a pomnt of attachment of the tumor to the
atrial septal wall was clearly visualized. Although angiocardiography of a
patient with an atrial obstructing thrombus (ball-valve or pedunculated)
has not been reported, 1t 1s probable that such a thrombus will produce
simmlar roentgen findings Fortunately, exact differentiation is of no conse-
quence since surgery should be considered for both the thrombus and the
tumor

The cardiac imtracavitary tumors are of two types. The myxoma is the
nost common and 1n fact comprses 50 per cent of all primary cardiac tu-
nors It has been reported in patients from the age of 3 months to 6S years.
he majority occurring between 30 and 60 years m equal sex distribution.
[he tumeors are vanable i size and may be so small as to cause no symp-
oms bemng discovered mecidentally at autopsy Although there has been
ontroversy as to w hether the myxoma is a neoplasm or a thrombus, prevail-
ng opmion holds that 1t is a benign tumor Strong evidence of the nco-
lastie nature of the myxoma is provided by a study reporting graw thof a
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Fig 1~(G) Plotomicrograph (X 100) of the tumor shoning the characteristic mvyo-
matous changes (Reprodueed by permusaon of Dr Martin & Belle )

myxoma fragment m the mesenterie artertes and brain (Rimgertz) This
suggests that 2 mysoma 1s potentially malignant but none of the other re-
ported cases showed lymphatie or hematogenous spread, local mvasiveness
or miutotie cells They are generally smooth, pedunculated or villous, whit-
1sh tumars of variable consisteney (figs 1F and 2C) There may be areas
of hemorrhage and occasional overlymng thrombn. Microscopieally, the tis-
sue 15 rather poorly cellular with an endocardial covermng Multinuclear and
stellate cells and focal eolleetions of plasma cells and lymphoeytes have been
noted (figs 1G, 2H, 3G and 4C') Cysts, bone and collagen deposition have
alo been deseribed

The other variety of intracavitary cardiac tumor consiste of sarcomas of
all histologie types Although sarcomas are predommantly mural tumors,
they are discussed here heeause the presenting symptoms ave frequently
due to mtracavitary extenston (fig. 3) \ge and sex distribution are the
same as for myoma The sarcomas mvolve the nght side of the heart more
frequently and are polypord mn about 20 per cent. Unbke the myvomas,
they imolve the ventrieles as often as the atrra The chmeal picture pro-
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Fig 2—Left atrial myxoma 1n a 46 year old woman with sudden onset of heart failure
1d intermuttent signs of miutral steno~1s (A) Conventional teleoroentgenogram showing
largement of the heart and prominence of the pulmonary artery segment

iced by the intracavitary eardiac sarcomas may reseinble that due to myx-
na, except for the frequent occurrence of hemopericardium, arrhythmias
1d the more common development of nferior and supertor vena caval
sstruction These tumors grow rapidly. Five cases have been dragnosed
1te mortem Approximately 25 per cent of Whorton's 100 cases showed 1o
etastases at necropsy and of these there were 7 polypoid atrual tumaors
Murar Tuvrors

Tumors mvolving the heart wall or valves, such as angiomas, humartomzfs
id nodular rhabdomyowmas, have for the most part been reported as mci-
mtal autopsy findings A few strategically placed have caused arhythmaas,
terference with coronary blood flow and sudden death. Such a case was
zently described by Engle and Glenn.
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Fiz 2
atrum

B) Latersl c-ophizram shows indentation of the e~ophagus by a lirge left

Pruicarpnan TeMors

The bemgn perseardial tutors are rare bemg only about one-fourth as
frequent as bemugn tumors of the heart, per se Among the reported cases
are teratomas fibromas, lipomas eysts and leromyofil s Al-
though the<e tumors usually arise from the myocardium or embryonie rests
(fig 6), they expand mto the perieardial eavity Many are discorered be-
cause of a chanee x-ray demonstration of an unusual heart contour. In oth-
ors, the sudden appearance of symptoms 12 due to the development of a
hemorrhagie pereardial effusion This oceurs alimost as frequently in benign
as i mahignant pericarchal tumors The malignant penicardial tumors pro-
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Fiz 2—(C) Frontal angiocardiogram shows a left atral filling defect

duce a more rapid course, are associated more often with chest pain and dry
cough and 1 one-third of the cases pulmonary metastases are seen. Electro-
cardiographic signs are of hittle help m erther suggesting or for confirming
the presence of a primary pericardial tumor since the changes usually reflect
an effusion Diagnostic artificral pneumopericardium m the presence of an
effusion has been strongly advocated by Mahaun Exammnation of pericarchal
fluid for tumor cells has led to the dragnosis in a few cases.
DiaaNosts

The symptoms which may be produced by primary cardiae tumors are so
much more frequently due to other lesons that the dugnos:s will depend
chiefly on a sharp awareness of the possibility. The Jeft atrial tumor must
be looked for in the patients who present symptoms and signs of obstruction
of the lesser circulation. Signs of mutral stenosis not dating from birth in
young children (Goldberg et al 1952), absence of carchae difficulties until
the onset of intractable heart failure, inconstancy of mitral murmu.rs, and
episodes of syncope, cyanosis or dyspnea without adequate explanation ex-
cept for the change in position are important clues Any of‘thcsc findings
should lead to angioeardiography. Some patients with left atrial tumors will
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nnnue rheumatie nutral stenosis so completely as to escape detection unless
augiocardiography 13 used routinely n the evaluation of all patients bemng
conwdered for mtral valvulotomy The need for exact preoperative diagno-
s of a left atrial tumor 1s more than academic sinee suceessful surgery
usually requires an open technic

Tumors of the right side of the heart will be found m pattents who pre-
sent signs of nflow stasis, which ielude dyspnea, orthopnea, dilated neck
vems, facial edema, cyanosis, hepatomegaly, ascites, dependent edema,
pleural effusion and mereased venous pressure Prebmmary diagnosis will
melude constrictive pericardits, tricuspid stenosis and insufficiency. peri-
carchial effuston, superior vena caval synd and chronic congestive heart
falure The differential diagnosis of these conditions 1s often difficult even
with the ad of a battery of laboratory exammations .Angiocardiography,
m this situation, will demonstrate the presence of a cardiae tumor as well
as ard m the differentiation of the other conditions
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Fig 2—(C) Frontal angrocardiogram shows a left atnal filling defect

duce a more rapid course, are assocrated more often with chest pain and dry
cough and 1n one-third of the eases pulmenary metastases are seen. Electro-
cardiographic signs are of little help in erther suggesting or for eonfirming
the presence of a primary pericardial tumor sinee the changes usually reflect
an effusion Diagnostic artificial pneumopericardium in the presence of an
cffusion has been strongly advocated by Mahaim Exammation of pericardial
flnd for tumor cells has led to the diagnosis mn a few cases.
D1acNosis

The symptomns which may be produced by primary cardiac tumors are so
much more frequently due to other lesions that the diagnosis will depend
chrefly on o sharp awareness of the possibility. The left atrial tumor must
be looked for i the patients who present symptoms and signs of obstruction
of the lesser cireulation. Signs of mitral stenosis not dating from birth in
young children (Goldberg et al. 1952), absence of cardac difficultres until
the onset of intractable heart failure, inconstancy of mitral murmurs, and
episodes of syncope, cyanosis or dyspnea without adequate explanation ex-
cept for the change in position are important clues Any of these findings
should lead to angioeardiography. Some patients with left atrial tumors will
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mumte rheumatic nutral stenosis so completely as to escape detection unless
angiocardiography 1s used routmely 1n the evaluation of all patients bemng
considered for mitral vatvulotomy The need for exact preoperative dragno-
s1s of a left atral tumor 1s more than academie since successful surgery
usually requires an open techme

Tumors of the right side of the heart will be found 1n patients who pre-
sent signs of inflow stasis, “th]l mclude dyspnea, orthopnea, dilated neck
vems, facial edema, ey 3 ly, ascites, d d edema,
pleural effusion and inereased venous pressure Prelummnary diagnosis will
include constrictive pertearditis, tricuspid stenosts and msufficiency, peri-
cardial effuston, superior vena caval syndrome and chronie congestive heart,
failure The differential diagnosis of these conditions 15 often difficult even
with the aid of a battery of laboratory exammations Angtocardiography,
1 this situation, will demonstrate the presence of a cardiac tumor as well
as ad m the differentiation of the other condtions.
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Fiz 2-—(E) Lateral angiocardiogram alo reveals the tumor m the left atnum attached
to the atrial wall (For tracing, see facmg page )

The diagnosis of primary pericardial tumors depends on the discovery of
an unusual cardrac contour whieh 15 not readily explained (fig. 6A). There
are no diagnostie chineal or laboratory eriteria which will defimtely differen-
tiate with certamty pulmonary and mediastinal masses adjacent to the
heart from intrapericardial tumors If the presence of a pericardial effusion
can be established, examination of the fluid may lead to diagnosis of tumor
In general, the diagnosis will await surgical exploration and biopsy (fig. 7).
However, 1t 15 possible that angiocardiography by showing cardiovascular
rotation and displacement (fig. 6B-E) recently demonstrated in a unique
case of intrapericardial bronchogenie cyst and by Dabs and co-workers may

provide a significant differential sign
TREATMENT

Exclusive of pericardial cysts, which have been removed on many occa-
stons, suecessful surgery of bemgn mtrapericardial tumors has been reported
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Fig 2—(F) Tracemg of T

Tig 2—(G) Photograph of groes specincn showing the myxoma m the left atrm
(arrow) (H) Photomerograph (X 200) of the my xoma
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Fig 3—Left atrial myxoma m & 53 year old woman (A) Frontal angioeardiogram,
made m 1950, shows a huge left atnal tumor (B) Tracing of A (below)

PULMONARY
VEINS



K
k)
# T
T
o~

I -
o N ‘"'\Lm
g

Fiz 3—(C) Angorardiogram, 3 years later, showed the tumor to be markedly en-
larged (D) Tracing of C (below)
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Fiz 3—(E) Lateral view {1953} also shows the huge left atnal tumor,
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Fig 3—(F) Tracing of E
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Fig +—(C) Pt of the tumor (Rey
with permysion of the pubhsher )

ventricular fibrillation Bahnson succeeded i removing most of a rght
atrial myxoma and the patient lived for 24 days after operation. Death was
due in part to obstruction of the mferior vena cava by residual tumor In
tw 0 cases, attempted removal of the left atrial myxomas through the auricu-
lar appendage was unsuccessful; death occurred during surgery. One patient
{fiz 4) was explored but the small size of the auncular appendage pre-
vented an attempt at removal of the tumor Surgery was not performed on
Kirkeby and Lerens’ patient. In addition, several myxomata have been
found during surgery for mitral stenosis or constrictive pericarditis, but at~
tempted removal at this time met nith failure 1n all but one ease (Fatti and
Reid. 1938).

Clowes’ patient was found to have a left atrial tumeor during surgery for
presumed rheumatic mitral stenosis. Surgieal removal of the tumor was con-
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Fig 5—Rhabdom osarcoma causme marked obstruction of the pulmonary alve, right
heart enlargement, night heart fatture and evanoas 1 a 3 year old woman (A) Frontal
showng en! of the heart The pulmonary vasculature is mark-

edly dimmrhed

sidered too hazardous Six months later, after several episodes of severe
pulmonary edema, an open procedure with the use of 2 pump oxygenerator
to bypass heart and lungs, was carrted out The pattent, however, died six
hours after operation

The first successful removal of 2 left atrial myxoma was reported to Gold-
berg and Stemnberg (1935) by Crafoord as follows “I can mform you that
after exact anatomueal diagnos:is due to selective eardioangiography, on
July 16, 1954, we operated on a case of pseudomyxoma of the left atrium,
the size of a small orange, with the aid of complete bypass with extracor-
poreal oxygenation and circulation produced by our own pump-oxygenera-
tor The blood was shunted from the cavae to the aorta through the left
subclavian artery During the 28 minutes of exclusion of the heart from the
arrculation and the mtracardiac mampulations the heart was n a state of
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Fig 5—(B) Electrocardiogram showing rizht ventreeulr by pertrophy 1n rhabdomyo-
sarcoma

Fig 5—(C) Photograph showing the massive pedunculited tumor ol»tructing the pul-
monary artery and valves

Fig 5—(D) Photomicrograph showing thabdomy o-arcomn of the hewrt  (Reproduced
through the courtesy of Mannaux and Lukach)
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Fig 5—(D) See legend, facing page
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Fig 6 perieardial ) eyst m n asy 3 year old gl (A)
Frontal teleoroentgenogram showing a huge eirdiae silhouette
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Fig, 6—(B) Angocardiogram showing medial dasplacement of the superior vena cava
by a buge mass

Fig 6~(C) Angiocardiogram reveals marked rotation of the nght atnum, ventnele,
pulmonary artery and nght branch
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iy el .h
Fig 6—(D) the left atrum appears to be 1 ts proper position

P - -

Fig 6—(E) The left ventricle, and ascending aorta, however, are markedly rotated -
dicating that the pericardial tumor 1+ distorting the right atrium, pulmenary artery and
ventricle and displacing the left ventricle
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Fig 6—(F) Fho-
tograph showing
the huge lobu-
lated intraper-
eardial tumor

Fig 6—(G)
On section,
the  tumor
appeared
eystic
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Fix 6—(H) X-r1y of the gross pecumen reveled seuttered areas of caletfication

ventricular fibrillation intentionally brought about by electrrcal stimulation
m order to facilitate the extracorporeal circulation and the actual technical
procedure withm the heart After elosure of a maximal wide mneision 1 the
left atraium, the heart was electrically defibnllated The postoperative period
was somewhat disturbed by a shght rise in both nonprotein rest urea 1 the
blood and a moderate elevation m the bilirubm This healed otherwise
without compheations and the patient 1s now considered completely recov-
ered Before the operation, the patient had the usual symptoms of paroxys-
mal mitral occlusion and matral stenosts which now no longer are present ™

Soon after, Scannell (1956) reported the removal of a left atrial myoma
with hypothermia Hopkins (1936), Hanlon (1936), Bahnson (1957),
Robertson (1957), Fatt1 (1938). Gerbode (1958), Coates and Drake (1938)
and Ellis (two eases {1938]) have suceessfully removed left atnal my~omas
A night atrial my<oma removal utthizing hypotherimia was accomplhished by
Erétlkor 3 and co-workers in 1958 Scannell m 1938 also reported the re-
moval of a fibrosarcoma from the right atrium n a 7 year old child who
presented with a bloody pericardial effusion Exploratory operation with-
out interruption of eireulation revealed an intramural and intra-atrial mass
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Fig 6—(1) Photomicrograph (X 240) of intrapericardial bronchogenic eyst revealed
bronehial epithelum

'
Fig 6—(J) Another seetion (X 240) showed gastric muco-a
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Fig 7—Hemanzioma of the left ventricle m a 25 yerr ok min (A) Frontal angio-
eardiogram showing a large nonopacified Jeft ventnicular mass (arrow }

Fig 7—(B) Photomerograph of the biop~y specimen shows a selerosing hemangioma
attached to heart muscle (arrow) (Courtesy of Dr Harold A Lyons )
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which was excised. A rent m the atrium was repared by a flap of atri:
pendage. The patient made an uneventful recovery but returned two
later with tachycardia, increased venous pressure and symptoms sugge
recurrent cardiac tamponade. Re-exploration failed to show perica
fhud although the heart was enlarged. Resection of the perteardrum
leaving a “large window” resulted m recovery and this has persisted fc
most two years.

SuaMaMARY

Modern open heart surgery has made possible suceessful removal of
dhae tumors. Most of the cardiac myxomas have been dragnosed after
atrial exploration for operative relief of mitral stenosis. Usually, this
cansed abandonment of the operation and made necessary a second of
tion following recuperation Often, this is a serious handicap for 2 pat
already disabled with advanced hemodynamic diffcultics Aecordin
preoperative diagnosis 1s essential and can be achieved by angrocard
raphy. Admnttedly the selection of the patient for angiocardiography in
case of trrcuspid or mutral stenosis 1s difficult. Awareness of the pussibi
15 prabably the most important factor m the diagnosis. Finally, angioca
ography by disclosing rotation and displacement of the heart within
pericardium will indicate the presence of an intrapericardial tumor.
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CHAPTER 19

Metastatic Tumors in the Chest
By DAVID M SPAIN, M D

ANY DISCUSSION OF INTRATHORACIC METASTATIC CARCINOMA can only serve a
useful purpose to the extent that it facilitates differentral diagnosis for the
purpose of ehimmating needless procedures, prolongs life or alleviates suf-
fermg, The purpose 1s also served if, from studies on metastatic carctnoma,
a better basic comprehension of the malignant process 1s obtained

Secondary carcinoma withm the chest may wnvolve pleural surfaces, pul-
monary parenchyma, bronehial walls, hilar and medrastinal Iymph nodes,
mediastinal tissues, pericardrum and heart Advent into the chest by malig-
nant tumors may be gamed through the blood stream, lymphatic channels
or by contiguous mvasion The origin may be from both sarcoma and earer-
noma Of all of the intrathoracic sites of involvement with secondary carei-
noma, that of the lung s of the most clinieal importance and occurs with the
greatest frequency It 1s generally estimated that about 30 per cent of all
fatal cases of mal t tumors will to the lungs Carcinoma of
the kidney will end with metastases in the lungs in almost 3 out of every 4
cases It 1s not surprising that the lung 1s such a frequent site of metastass
because where tumor cells are dislodged from other prunary sites directly
nto the blood stream or mto lymphatic vessels, eventually primary filtra-
tion must take place mn the lungs From a clineal point of view, because of
the easy recogmtion of shadows on the chest roentgenogram, the lungs are
frequently the first site for the detection of earcinoma that oniginates else-
where 1 the body

The incidence of metastases to the lung from malignancies of various or-
gans 1s listed 1n table 1t 1 3

DiFruse L¥MPHANGITIC METASTASES

Of particular mterest for a vanety of reasons 1s that form of secondary
carcinoma 1n the lung deseribed as diffuse Iymphangitic metastases.? 1 1
Thes pattern of metastatic eareinoma may present atselfl with a varnety of
climeal syndromes, or on occasion may remain clmeally doermant The ori-
gin may be from primary carcinoma of many different sites Not mfre-
quently, the primary tumor produces no detectable climeal picture. In an
autopsy group of 30 such cases studied by me, the stomach was the most
frequent site of origin The distribution of these sites of ongin for Jymph-
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Tarie 1—Incidence of Metastases to the Lung from Malignancaes of Various Orgozs

Primary Growth Metastases to the Lung (5)

Renal carcinoma 75 40 65
Osteosarcoma 75 — —
Fibrosarcoma and liposarcoma — 55 -
Chorio-epithelioma 5 — —
Careinoma of thyroid 65 60 -
Malignant melanoma 60 625 —_
Carcinoma of breast 55 62 7.2
Oropharyngeal earcinoma 30 22 (approx } —_
Esophageal carcinoma 20 25 -
Carcinoma of stomach 20 168 328
Carcinoma of lLiver 20 15 (approx ) —
Carcinoma, of pancreas 20 25 34
Carcinoma of colon — 212 37.2
Utenine mahignancy 15 43.7 —_
Qvarnan carcinoma 10 1z 34

Author Willis ‘Turner and Jaffe Abrams et al

No of necropsies 500 i !

Tapye 2—Primary Sites of Orsgn for Dyfuse Lymphangitic Metastases in the Lungs
(30 autopsied cases)

Primary Site No of Cases Primary Site No of cases
Stomach 11 Prostate 2
Bronchus 5  Pancreas 2
Colon and rectum 4 Kidney 1
4 Bile Duct (Intrahepatic) 1

Breast

Tase 3—Promnent Inttial Symploms in Diffuse Lymphangstic Carcinoma of Lung

(30 cases)

Symptoms No of Cases Symptoms No of Cases
Dyspnea 18 Orthapnes 1+
Cough 9 Chest pan 3
Wheeze 5  Aakle edemsa 2
Cyanosts 5 Nosymptoms at any time 5

angitic metastases m the lung1s presented in table 2, Tt may be noted that
5 of the 30 patients never had symptoms referable to the chest. Pleural ef-
fuston was present in 23 of the 30 cases and was bilateral on 17 oceasions.

B . t-= 1" This
e free

from blood
Several mteresting chmeal syndromes have been associated \‘vuh these

r-
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ticularly in the past when the pattern produced 1n the lungs by this form of
metastases was not so widely recogmzed, defimtive extensive surgical pro-
cedures were attempted on the primary tumors unknowingly mn the presence
of such metastases In these cases the x-ray pretures of the lungs were usu-
ally mterpreted as nonspeaific fibross (table 3)

Because the primary tumors may remain stlent i the presence of such
metastases and because the spread m the lungs produces diffusely Iinear
and finely nodular \-ray shadows, confusion or difficulty has existed m dif-
ferentiating this pattern of metastases from such conditions as hemato-
genous miliary tuberculosss, finely nodular silicosis, nodular densities assoca-
ated with mtral stenosis and other bilateral diffuse and finely nodular
lestons,

The nature of the pulmonary mvolement provides some msight to the
manner of production of these protean chnical mamfestations and to cer-
tamn fine characteristies of the x-ray picture which may aid in differentsal
diagnosis It 1s postulated that metastases first involve the hilar and medi-
astinal lymph nodes to such an extent that the flow of lytnph m the usual
direction is blocked When this occurs there s retrograde extension or per-
meation of tumor from the hilar region through the peribronchial and peri-
vaseular lymph channels towards the periphery of the lung Eventually,
there 15 a hffuse mvolvement of the lungs On the x-ray picture this often
resembles, particularly on close mspection, a fish net because at the points
of junetion of the lhinear shadows usually small nodules are present This
combmation of fine nodules connected by hinear streaks often helps to dif-
ferentiate this condition from hematogenous milary tuberculosis and the
other entittes in which the nodules are discrete without connecting linear
streaks In a number of mstances, however, the hilar and mediastinal lymph
node mvols ement 1s scant It 13 then difficult to account for the spread of
the cancer cells throughout the lungs on the basis of retrograde lymphatic
permeation For this reason, 1t has been claimed by some that the first step
n the process 1s a widespread tumor embolization of the termmal pul-
monary vessels These tumor cmboli then mvolve the peripheral pen-
vaseular and perbronchial lymphatic channels, and then by following the
normal flow of lymph from the periphery to the hilar region, mfiltrate the
entire lung Acute or subacute dyspnea often associated with a wheeze 15
A consequence of the peribronchial mvolvement and associated obstructive
emphysema Where this type of mvolvement has predommated, patients
have presented themselves with a elmeal picture of acute paroxysmal
dyspnea and wheeze that has at tunes been mustaken for an atypical form
of asthma (see figs 1and 2)

Subacute cor pukmonale with or without congestive failure runs 2 rapud
chneal course from a persod of sevecral weeks to months durmg which
marked dyspnea 1s a pr clmieal festation along with ey
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Fig 1—Gross specimen of lung showing extensne tumor mfiltration around blood ves~
sels and bronchn This tumor 1+ pnmanly m the lymphatic spaces and ongpated from a
primary cateinoma of the stomach The patient had dyspnea and pulmeonary hypertension

The pulmonary hypertension that develops in this situation appears to
be related to three lesions, These are orgamzing artermal thrombr, some-
times assoctated with presence of tumor emboli, tumor embolr alone block-
mg smaller arteries and arterioles and finally an obliterative endartentis.
In one collected group of 78 cases with diffuse Iymphatic carcinomatosis
of the lungs, hypertrophy of the rght ventricle of the heart was present
10 times *° Pulmonary hypertenston may terminate fatally witlin a matter
of weeks Awareness and early recogmtion of this ehnical syndrome that
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Fig 2—Ph h showing in the Iymphutie vessels
secondary to primary caremoma of the breast This was clically eonfused with radiation
fbrosis

results from lymphangitic carcmotnatosis may direct one’s attention to a
silent primary tumor and save the patient numerous needless and discom-
forting diagnostic procedures When these metastases are derived from such
prinary tumors as breast earcinoma and prostatic careinoma, the use of
certain hormones or chemotherapeutic agents may produce temporary
resolution of these metastases with corresponding duninution n the x-ray
shadows and functional disability In other mstances, radiation has pro-
duced simular results The presence of such metastases i the lungs 1s al-
most always indreative of widespread involvement elsewhere

Thus, the peribronchial involvement produces the picture related to
obstructive emphysema Vascular mvolvement may produce subacute cor



292 DIAGNOSIS AND TREATMENT OF TUMORS OF THE CHEST

pulmonale and alveolar wall involvement may produee the syndrome of
alveolar-capillary block. These patterns may occur together, or any one
may predommate,

SoLITARY PERIPHERAL METASTASIS

-\ single peripheral metastatic nodule or mass in the lung from an extra-
thoracie primary malignant peoplasm oceurs much less frequently than
the charactersstic multiple nodular metastases. This occurrence may lead
to considerable difficulty particularly where there are inadequate signs or
symptoms to direct attention to the primary site. Needless pulmonary re-
sections have been performed in the mistaken belief that such a nodule
or mass was of primary bronchogenie origin. It should, however, be borne
m mund that removal of such an 1solated metastatic mass either subse-
quent to, or even preceding the removal of the extrathoraeic primary tumor,
has on more than one occasion resulted in surprisingly long periods of sur-
vival Thus, even with the knowledge that such an isolated nodule is meta-
static, serious consideration must always be given to the possibihity of re-
section It is currently recognized that these do not always have a hopeless
outlook. The major difficulty remains in the distinction from a resectable
bronchogenic caremoma. Details of the roentgenographic differentration
of these lesions have been discussed 1 Chapter 7.

One group of patients with solitary metastatic nodules on whom varymg
degrees of lung rescction were performed consisted of 18 etastatic car-
cmomas and 11 metastatic sarcomas ® Of the 18 cases with caremoma, 17
survived at least one year following resection, 9 survived at least 2 years,
6 survived at least 3 ycars and 2 survived at least 5 years. In a collectrie
revien of 264 cases i which pulmonary resection was performed, 37 per
cent of the cases with metastatic carcinoma and 15 per cent of the cases
with metastatic sarcoma survived over five years, In some of these, the
primary site was only recogmzed as being elsewhere than in the lung after
resection revealed a characteristic nicroscopic morphology that identified
the actual primary site. Particularly characteristic of such situations 1s
the clear cell caremoma of the kidney which metastasizes as a solitary mass
to the lungs more than any other tumor (sec fig. 3). In some cases “I}crc
adenocaremoma is found in the periphery of the lung even after resection,

1t 1s possible to remain unaware of the fact that the tumor is mnetastatic
ination or the later develoy t of clear cut symp-

1,79

until post-mortem
toms reveals the primary site.
MEeTasTaTIC INVOLVEMENT OF A MAJOR BroNCHUS
It has been an axiom that if a neoplasm produces hemoptysis or bronchial
obstruction. 1t 18 prumary in the lung. As with almost all such genomhz;;
tions exceptions occur. One of the least frequent fypes of metastases
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Fig 3—Grows specimen of lung <howing a single large ctreum-enibed metastatic mass 1
the upper lobe that % as secondury 1o a clear cell cireinomn of the kidney This was tms-
taken for 4 prmiry bronchogenic careinoma

the lung are those that mvolve the wall and lumen of a major bronchus
Tlis infrequent nvolvement of a major bronchus may be sccondary to
compression or mvasion from cancer contamung hilar and medrastinal
Iymph nodes A much more rare occurrence 1s metastases to the nall of a
bronchus via the artenal system When the bronchial wall and lumen are
mvolved with seeondary carcinoina, the x-ray picture and bronchoscopre
exanunation are ndistinguishable from that seen with primary broncho-
gemie caremoma The symptoms, signs and complications consisting of
cough, hemoptysis, wheeze, obstructive pneumomtis and lymph node en-
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Fig 4—Gross picture of 2 close up view of an open bronchus that shows the protrusion
of a metastatic nodule of carcinoma The prmary tumor was 1n the Iner The patient
presented himself with hemopty 15 and was thought to have a primary bronchogenic earci~
noma

largement are also sumlar Only if biopsy of the bronchial lesion produces
cells specifically charactenistic for a neoplasm arising from another site
can the distinetion be made. I have seen such cases i which occult primary
tumors have been present 1 the liver, thyroid, prostate, kidney and colon
(see figure 4). Other reported sites have been breast, testes, melanoma of
skin and gall bladder * ® ** Some of these have had attempts at definitive
resections for the lung tumors Clearly, the results obtained are uniformly
poor as contrasted with solitary perspheral metastases Despate this, thora~
cotomy 1s often justified because proof that the tumor is not primary in
the lung may be considerably delayed
ATypicAL ForMs oF METASTASES

A vanety of metastases might be considered under this common group-
mg of atypical. These would be “benign” metastasis, long-lasting me-
tastass, spontaneously regressive metastasis and intra-alveolar implante-
tions from a primary or secondary tumor in the lung Consideration might
also be given at this point to the difficult distinction between bilateral nodq-
lar and the devel of bilateral multiple pri-
mary bronchiolargeme tumors and pulmonary adenomatosis of multicentric
origin (see figures 5 and 6). i

Benign metastasis refers primarily to two conditions—endometriosis of
the lungs and trophoblastic emboli “Vicarious menstruation” has been as-
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Fig 5—Clasuc multinodular metastases 1n lung omgmatmg from & primary tumor m
the progtate

enbed to extragental end 10518 An authenticated case with surgrcal
material m which a pulmonary mass contamned endometrium with a de-
adual reactron has recently been reported ® Hematogenous metastasis fol-
lowmng surgseal procedures best explams this situation  Undoubtedly, small
embol; reach the lung frequently durmng dehvery or surgical procedures
on the pregnant uterus, but only rarely do these 1mplants of trophoblastie
tissue survive

Long-lasting metastases m the lungs have been reported on numerous
oceasions. The observation of such metastases was one of the original pieces
of evidence that host factors might play an mportant role i the biologic
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Fig 6~—Photomicrograph of pnmary multicentric alveolar or termmal bronchiolar
careinora that was mistaken for metastases to the lung

behavior of a neoplasm 1 have seen proven metastasis from a melanoma 1
the lung and pleura remain stable with the patient i “good” health for a
period of eight years In this case, the primary site had been estabhshed
Iu the absence of a known primary, this can be a troublesome diagnostic
problem Long-lasting metastasis n the absence of specific therapy casts
doubt on the claims of some therapists.

Documented cases of spontaneous disappearance of pulmonary me-
tastams have also been recorded. The most noteworthy example 1s metasta-
s1s from choriocareinoma. Because of this mfrequent development and be-
cause of vamations i survival with pulmonary metastasis, some caution
should be exercised in determimng prognosis

Intra-alveolar inplantation at many scattered points of tumor spreadmg
through the bronchial tree from a metastasis or a solitary primary in the
lung may simulate hematogenous metastasis from an extrapulmonary site
or be mdistinguishable from a multicentric careinoma of alveolar origm,

Lung Cancer AssocATED wiTH OTHER PRIMARY NEOPLASMS

At times, primary bronchogenic carcinoma exists in combmation with
primary malignant tumors arising in other sites These other tumars may
have preceded, arisen simultaneously or appeared subsequent to the de-
tection of the lung tumors. This combination of multiple primary cancers
will probably increase as survival rates mprove This will become an -
ereasing problem. The implications of this from a chagnostic pomt of view
are ntuiguing. In an mndiwvidual who has had a primary carcinoma arising
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from an extrathoracic site, and who has had definitive treatment, the sub-
sequent appearance of a solitary nodule 1n the lung may not necessarily
mdieate metastasts from this errginal primary site It may in reality be a
prmary bronchogeme carcinoma The chances of a solitary nodule 1 the
lung being metastatie m such a sttuation are about one out of three This
must alsays be borne m mind In equivocal situations exploratory thora-
cotomy 15 1ndicated since there are no sure radrographic signs to distimguish
& metastatic nodule from a primary tumor In one reries of 2,562 consecu-
tive cases of branchogente carcinoma, there were 81 other prunaries present
This 15 an Inctdence of 3 2 per cent Particularly prominent among the sites
for other associated prumary malignant tumors are the regions of the head
and neck (hp, alveolar ridge, tongue, floor of mouth and larynx) This
may be related to common etiologie factors In 64 eases of associated pri-
mary mahgnant tumers m other sites, the extrathoracic neoplasm was
synchronous 24 times and metachronous 40 times ?

METASTASES To THE Prricarpivn AND Heamr

A study by the Harvard Caneer Comnusston based on 4,375 post-mortem
examumations in whreh cancer was present revealed 146 cases (3 4 per cent)
with metastases to the pericardium and heart These represented blood
borne or lymphogenous metastases and not direct mfiltration from tumors
of the mediastinum or lungs In another study based on 1,000 autopsies the
frequeney of such metastases was 3 5 per cent. Of the 146 cases, carctnoma
accounted for 102 and sarcoma for 26, while 18 arose from a primary
melanoma Breast, lung and stomach were the most frequent sttes of pri-
mary carcinoma that metastasized to the heart This probably only re-
flects the higher incidence of these tumors Of all the tumors, only melanoma
appears to have a special predilection for myocardial metastases out of
proportion to its prunary incidence

The mvolvement usually consists of discrete varymg sized nodules that
may extend to the pericardial or endocardial surfaces In over one-third
of the cases the pertcardium 15 mvolved usually with the production of a
serosanguineous effusion Much less frequently, the valves become in-
volved When the valves or endocardial surfaces are penetrated by tumor,
further dissenunation of cancer ensues by embohzation from these sites
Of the sarcoma group, lymphoma n particular mvolves the myocardium

The clinieal mamfestations are varted and may consist of eardiac farlure,
angma, changing murmurs, dyspnea, arrhythmias, venous obstruction and
perieardial effusion A post-mortern examiation performed by me on an
mdivnidual with extenstve myocardial metastases from a primary broncho-
genie carcinoma had an scute clinical onset that was mterpreted as an
“g‘“e myocardial infaret that occurred during the stram of hfting a heavy
object
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The tumors may produce arrhythmias by involving atnal coronary ar-
teries with subsequent atrial infarction, by direct atrial wall destruction
and by involvement of sympathetic and parasympathetie fibers, Varied
patterns of heart block may be induced by tumor involvement of the sino-
auricular node and atrioventrieular conduction system.

Diagnosis is usually not established during life, and at present there is
no treatment which can significantly alter the outcome,

StanARy

Metastasis to the lungs may exist in various patterns. Each pattern
presents its individual diagnostic and therapeutic problems. These patterns
are bilateral muitiple nodules, diffuse miliary nodules, lymphangitic carci-
nomatosis, single peripheral nodule and extension into a major bronchial
wall. Of these, single peripheral nodules are sometimes amenable to rela-
tively long survival follawing resection.

Metastases to the heart and pericardium are much less frequent, more
difficult to diagnose and usually not amenable to even shart-term palliation
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CHAPTER 20

Radiation Therapy and Radioisotopes in
Tumors of the Chest

By BERNARD ROSWIT, M D.

INTRODUCTION

DESPITE DRAMATIC ADVANCES IN RESECTIONAL SURGERY for mtrathoracie
neoplasms, the overall survival rate s still less than 10 per cent It does not
appear realistic to expect much improvement m the relatively small pro-
portion of cases suitable for surgieal resection The chemotherapy approach
has been unfruitful m terms of salvage for these individuals and there 18
hittle prospect for improvement 1n the near future

Radiation therapy. therefore, must shoulder the prinetpal burden of re-
sponsthility for the large body of surgically noperable patients because 1t
offers relief from distress and disability 1n the majonty of the cases and may
sumetimes extend the perod of productive and comfortable life

The recent introduetton of high energy therapeutic radiation, advances
1n radiation technology. precisional dostmetry and better understanding
of radation reactions 1 erttical tissues have made 1t feastble to grve more
effective dosage to deep-seated tumors with minimal loeal and systemic
reactions

These benefits of modern radiation therapy have recently prompted 2
reappraisal of its role 1n the treatment of operable and borderline operable
cases as an 1mportant adjunct to surgery (preoperative or postoperative),
or even as a substrtute for surgical treatment mn selected favorable cases,
particularly those with bronchial or esophageal carcinoma Preluminary
clmueal studes, still sharply lnuted in time and 1n scope, already suggest
the posubility of greater aid and comfort to indtviduals with mtrathoracie
cancer, through this combined effort

It appears to us, however, that too many practitioners, recalling the se-
vere radiation reactions which were commonplace 1 the past decade, are
still denyng therr less advanced patients (unsurtable for surgery) the ad-
Vantages of modern radiation therapy

It 1sour purpose 1n this chapter to discuss briefly the technology of thera-
Deutte radiation, the system of treatment planning and the prineiples which
should gos ern the selection of cases referred to the radiologist This discus-
80138 based on our experience with the treatment of nearly 2,000 patrents
with tumors of the chest and on the best efforts of our colleagues 1 other
radiation elinics, both here and sbroad

“on
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Fig 1—The technology of radiation therapy in chest tumors (A} Millon volt a-ray
machme deltsering rotational therapy to patient with high cersical esophageal earcinom?
Note the mmobiization techmes utiizing plaster shell and erantl device to prevent 2
“geometric miss” (B) Closed-vadeo sy stem for constant sury eillince of bnium-filled esopha-

. PPN . [N canmbns an at all imes (C} Radio-

what oceurs when a shght error in angulation (only 3 degrees) 1< mtroduced ‘Lhe coner
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GENERAL DRINCIPLES
Technology of Radiation Therapy

The technical achievements of thoracic surgery n the past five years
have been both striking and enduring, pronusing greater benefits and fewer
surgical risks to patients with chest tuinors Not so widely heralded are
parailel advances 1n the technology of tumor therapy with ronizing radia-
tion, Radiologists, physicists, engineers and biologists have been quietly
pooling their several skills and resources to mmprove the attack on deep-
seated, radioresponsive neoplasins, particularly those within the thorax

Of great signifieance, among these radiologic advances, 1s the recent de-
velopment and wider availability of supervoltage x-ray generatars and Co-
balt-60 therapy equipment (fig 1) In comparison with conventional beam
radiation (200 to 400 kilovolts), supersoltage beams (1000 to 4,000 kilo-
volts) provide more penetrating t-rays with a greater percentage tumor
dose, minimal damage to skm and bone, hitle radiation sickness and leuko-
pema and greater facility for more radical treatment The earlier cancer pa-
ttent 1s thus offered a better chance for cure and improved palliative benefits
However, for palliative treatment i later cases, supervoltage radation 1
not essential For such individuals the skill and experience of the radiologist
may be more 1mportant than the voltage especially if other radiologic ad-
vanees of recent years are uttlized to maxamum advantage

Our associates 1n radiologic physics have provided exquisite tools for ac-
curate dosimetry 1n human tissues and have helped to design more preei-
sional methods for the planntng and dehivery of the preseribed dosage They
have offered us a number of versatile radwsotopes for troduction mto
thoracie tumors by a varety of mngenous techmes The slender prospeets
for chinieal suecess i this area have not discouraged thetn

Special equipment generating x-ray and electron beams from 4 to 35 mul-
lion volts 15 becommng available 1n Europe and in the United States (fig 1)
It1snot unlikely that these beams will find 2 strategic place m the treatment
of chest eancers m the next several years Evidence 1s already available to
suggest that results in the thorax may thus be further mmproved while
minmuzmg the side effects of radiation, both local and systemme

Fig 1—Continued

of the beam now strikes the epinal cord wlile the tumor 1s off on the outer edge of the
beam and recenes only about 50 per cent of the doe (From Raswrr, B A new roentgen
73y beam director for prection radiation therapy Am J Rtoentgenol 65 115,1951, courtesy
fCharles C Thomas) (D) Arrangement for preetse delinery of million volt \-ravs to bron-
¢hogeme eareinoma Note preciston beam directors on machine head and on patient < chest
(E) Cobalt 60 therapy apparatus delivermg v-riy beun equisalent to that from 2 mullion
volt XT3y generator (F) 35 mlhion volt betatron for megoltage theripy of deep-~cated
tumors (Prnted by permrsion of Brown, Boven & Co, Ltl, Snitzerhnd )
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Methodology of Treatment Planning

Just asin the surgery of cancer therapy, there can be no ecuse for a level
of radiation techme which falls short of the highest achsevement possible.
An orderly system of treatment planmng has been developed to assure the
patient of a treatment plan ideally suited to his individual needs.

The margins of the tumor are defined as accurately as possible, utihzing
physical, surgical, endoscopic and radrologic technics (fig. 2). These include
the use of contrast media, fluoroscopy, angiography and three-dimensional
tomography. The surgeon 1s mmportuned to mark the margins of nonre-
sectable disease with metal ehips or gold seeds in patients being explored.

An accurate horizontal cross section of the patient’s body in the treatment
plane is graphically reconstructed, showing the body contour, the tumor
volume and correct spacial relationships of iinportant norinal structures.
This reconstructon 1s derived from a tracing of a quick-drying plaster band-
age mpression and the anatomie landmarks from a standard cross section
atlas. We have developed tomography n the transverse or horizontal plane
to replace the atlas because this umque radiol method offers us a living
anatomic cross section or third dimension of the patient under consideration.
More precise knowledge of the location and volume of the tumor as well as
displaced normal structures 1s thus immediately available.

An optimum dose-time formula 1s then preseribed in roentgens (or rads)
and over-all treatment days, with the upper limits of permissible dosage '_0
eritical normal structures clearly stated This prescription 1s highly ndi-

) A plaster body contour is
provide the baas

Fig 2—Methodology of radiotherapy 1n chest tumors. (A
ndn 1d-

beng made through the central honzental plane of the tumor. This will
for an anatomie reconstruction of the body cross-section and evohement of an 1

nahized treatment plan
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- e
Fig 2—(B) The placter reproduction of the body contour is bemg traced on gnd-ruled
Planning sheet for mmposttion of the an itomie part< ind the tumor

Y e

Fig 2—(C) Anatomse crows section mlustrating the normal anatoms 1 this plane

(Prunted by permission of Charles Thomas, from “Symmngton Cross Scetion Atlas ”)
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Fig 2—(D) The transverre tomograph of the same pattent in the same plane illustrating
the true reproduction of the living anatomic section m our own pitient. Note the tumor
mass compres-ing the bronchus (t), the atelectatic lung (a, 1), the birmum-filled e-ophigus
(e), the aorta (a) and the aortic arch (aa}

TRCcTONT PCTORY
VLo VY (eSS
- DL meTINS (D KALF-VALIE LR
- [opia e
% POAL 3600 ROENTIOS Wt 53 ocmTatny o oud iy DO
s 308+ 1000 MOCKTOOS wam

Fig 2—(E) Tins 15 the final treatment plan evoled from an orderly planning & ~tcnmd,
Mllustrating the 1sodo-e pattern and the eross firmg portals deugned by the phy-ter-t 4l
the radiologist
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Rgo- 1 , .
mobihzing plaster shell, the beam dircctors and the back-ponting deviee In the back-
ground 15 seen the rotationil table occasionilly employed for treating this lesion

d

1 and 1s modified throughout the treatment course, as dictated by
the patient's response The physiaist assists i the choree of the number and
angulation of treatment portals, the deal radiation energy, the precise
dosxmetry and other umportant technical factors The final plan may m-
volve a pair of simple anteroposterior portals, a complex system of several
cross firmg beams or a rotational technie The rotational or “rotisserie’’
method simulates an 1nfinste number of beams eross firing the tumor, while
sparing normal inter enmg tissues
. Now the patient 15 readied for treatment but there 1s still the risk of a
geometric muss ” Absolute vertfication of the accuracy of beam alignment
s achieved by radiographte means, using the therapy beam 1itself Further-
ore, the patient 15 1mmobilized 1 a plaster jacket ov other mechanical
restrant for each treatment setting His tumor may even be visuahzed on
a closed video errcurt throughout the treatment Special devices for precise
beam alignment are available mcluding angle directors, pm and arc unuts,
back pomters and photocells, and transit dosimetry (fig 2)

As treatment, progresses, the patient 1s regularly examined mn the radia-
tion clic and carefyl assays are made of the chmeal and radiologie response
by the radwologist and practitioner Therr skilled judgment and experience
il govern the Limits of the cumulative dose



306 DIAGNOSIS AND TREATMENT OF TUMORS OF THE CHESY

Selection of Patients

In most cases, it becomes immediately obvious whether the candidate is
entirely unsuitable for x-ray therapy or whether irradiation is feasible for
2 radical or palliative goal. In some instances, the radiologist will need to
marshal his best clinical yudgment and experience to make the right decision
Tn case of doubt, rachation should always be tried for a brief period—for
about two weeks, or 2,000 roentgens (tumor dese). If he begins to improve
and takes the treatment well, the course may be carried to a palliative level
of 3,000 to 4,000 roentgens or even to the maximum radieal dose of 5,000 to
6,000 roentgens in four to six weeks. Most radiologists are agreed that the
higher the dose the better the result—whether the goal be pallation or
mmproved survival—but acceptable limits of tissue tolerance must nevel
be exceeded. Experience has shown that, with hyperintensive, overagressive
therapy, espeerally in the thorax, the end results deteriorate.

In general, a patient with a malignant tumor in the chest is accepted or
rejected for radiation treatinent on the basis of (1) the histologic entity and
racdhosensitivity of the neoplasm, (2) the extent of the disease, (3) the pa-
tient’s general condition, (4) the clinical needs of the individual or (5) his
psychologie needs.

Histology and Radiosensitivity

The most important single factor which defines the acceptabilty of a pa-
tient for radiation treatment 1s the histology of the neoplasm In our ra-
diation chime, no intrathoracie tumor 1s treated withaut histologic o cyto-
logic venification of malignant disease, meluding type and degree of
differentzation (except 1 extraordmary circumstances such as superior vena
cava compression). The so-called “test of wradiation” is no substitute for
a biopsy 1n the diagnosts of a suspected mediastinal or parenchymal tumor.
The delay is mexcusable and the response may be unrelable. When w
doubt, operate We recall an asymptomatic young male with Jarge hlar
nodes who recerved about 2,000 roentgens (tumor dose) as a “diaghostic
test” m liey of thoracotomy We were convineed that malignant Iymphoma
or some other radiosensitive lesion could be ruled out and persuaded the
surgeon to explore the thorax Three large, discrete. lymphosarcunmtoilg
nodes were trmly exased and the patient has been in good health for
years

Radiosensitivity does noi
most radiosensitive tumors to be encountered in the thorax are th
tumors of the bronchus, the thoracic neuroblastomas and the rarc}x?atllg;
nant lymphomas which appear to have their Ol‘]g‘l‘n 1 the chest; l)t:‘, ex;Q
curabihity rate 1s depressmgly low because of the inexorable dgve 0173 o
of remote metastascs These disease entities will be further discusse

speaific clinical problems.

t necessarily connote radiocurability. Among the
e oat cell
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Generally speaking, the more undifferenttated 1s & tumor, the better its
radiation response, but the basic histologic type remams the prinerpal de-
termunant of radiosensitivity. For example, a rhabdomyosarcoma of the
heart, even if anaplastic, will be resistant, while a well differentiated ep-
dermoid caremnoma of the bronchus can be eradieated

The following is a reasonable order of relative sensittvity (1) very radio-
sensttive lestons—such as the oat cell tumor. neuroblastoma, Wilm's tumor
and seminoma, Ewmg's tumor and malignant lymphoma, (2) radiorespon-
stve lesions—such as carcinoma of the bronchus, trachea and esophagus, and
metastases from breast, thyrowd, kidney and ovary, (3) radioresistant le-
stons—notably the soft tissue sarcomas, affecting the beart, pericardium,
and pleura and metastases from stomach, colon, pancreas, central nersous
system, prostate, melanomas and osteogenic sarcomas It 1s well to remem-
ber, how ever, that one cannot akways predict response from the microscopte
view We have occastonally been surprised by the sensitivity of individual
tumors of known radioresistance, especially siee the advent of supervoltage
radition and more radieal dosage

Eztent of Disease

The larger the tumor volume to be irradiated the more linnted 1s the dose
tolerance of mntervening normal structures The larger the tumor the smaller
the possibility of benefit Massive lesions tend to become anote, necrotic
and radioresistant A neerotizing neoplasm with cavitary changes. without
ready access to a bronchus 1s generally not surtable for treatment by any
radiation method and such patients generally do poorly Therefore, in lesions
of predietable radiosensitivity—treat sooner rather than later

Involvement of the pleura with or without effusion only infrequently
yields to external beam therapy. Paralysis of the diaphragm and of the vocal
cords 1s rarely reversed On the other hand, endobronchial obstruction and
atelectasis secondary to pressure by enlarged lymph nodes 15 frequently
relieved. This 1s probably one of our most important paihative contributions
In the presence of remote metastases, rigorous treatment of the primary
chest lesion cannot be Justified unless 1t 15 giving mse to ntractable pain
ord fort and 1s of a radioresy histologic type

General Condition

In the practice of our radiation clime, we do not regard any patient with
2 grossly symptomatic intrathoracic tumor as “hopeless” and unswitable
for consideration of a trial of palliative radiotherapy. We reject only those
who are extremely cachectic or present an enormous Jeston, with infection,
Recrosis or massive pleural effusion The admission of such subjects for
treatment is not caleulated to improve our statistical survival records, but
the palliatyy e benefits in mdividual cascs has encouraged us to bursue this
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sonable dose levels, reactions i these tissues seem to be well tolerated and
rarely does one see ntractable residual discomfort or disabihty, In some
chinies, where an effort has been made to explore hyperintensive and more
aggressive tumor dosage (1n the range of 6,000 to 8,000 roentgens) severe
changes 1 these tissues have been noted

It 1s the tolerance of the normal lung itself which remains today the enti-
eal imitmg factor that must be considered in any realistic effort to destroy
a Jocal lesion and 1ts regional nodes, At present dose levels (4,000 to 6,000
roentgens in 4 to 6 wecks) radiation fibross is observed on x-ray but the
patient 1s usually not aware of this event, especially if it involves the upper
lobes. We believe that the mimimum dose for this reaction is about 4,000
roentgens in four weeks when large portals are employed. One occasionally
sees late and severe radiation fibrosis and this could be disabling when a
very large area 15 involved. Even in such cases there have been successful
attempis at resection of the troublesome t1ssue.

In our own experience with nearly 2,000 irradiated chest neoplasms, we
have seen only 6 deaths due to radiation pneumonitis. In such cases there
is a strikung individual varration in sensitivity, but overaggresive daily tu-
mor doses (>250 roentgens), high cumulative total dose (6,500 roentgens)
and very large portals play significant roles The larger the daily dose, the
cumulative dose and the irradiated volume, the more likely is the lung to
respond with an acute, alarming chinieal syndrome—the “wet” reaction
This may begin shortly after the completion of the course of treatment
and 1s characterized by a diffuse pneumontis largely mted to the wradiated
volume The patient expertences a dry cough, chest pain, high fevep marked
dyspnea and malaise Respiratory function studies reveal the findings of an
alveolar-capillary block syndrome. In such mstances he should ha}'e prompt
and complete bed rest, oxygen and antibjotic therapy. The corticosteroids
may be helpful. The syndrome may reverse itself i a period of tv o to three
weeks, go on to consohidation and death, or heal with dense fibrosis.

To minimize the risk of these reactions, (1) we avoid excessive daly or
total tumor dose when g large volume 1s treated, (2) employ precise tumor
loealization technies, (3) develop a treatment plan which delivers maximum
dosage to the tumor and reduces radation to the lung, (4) verify accuracy
of beam alignment, (5) effectively immobilize the patient, (6) use m‘“““,”“;
beam collimation and (7) respect the nipumnum tolerance levels of critica
thoracic tissues

A senous effort 1s beng made, in humap subjects with cancer of the Jung

and other eprdermoid lesions, to enhance or potentiate t}.m effect of radmtm;
on the tumor through chemotherapeutic agents and hlgh pressure _O‘YiCm
(Mitchell, Sanger). The preliminary trials are pr g sugges':imlgdow
possibility that, in selected cases with limited c!lsease, the c:x;xlccrocxt :  d S
1may be reduced to a level consistent with survival of normal lung tissue.
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Seecrrie Cumican Prosrews

Bronchogenic Carcinoma

Never before in the history of our nation has there been such mtense con-
cern over the menace of a single mahgnant disease, In American males over
45 who smoke heavily, bronchial cancer is assuming an epidemic quality.
Nearly 27,000 new cases were reported last year in this country The ommous
nature of the disease has not been altered; the majonity of patients are m-
opergble when first seen, the yield of resectable cases remains pamfully
small in spite of steady nnprovement i diagnostic methods, and the ab-
solute surgical cure rate 1s at best about 7 out of 100

It 1s apparent, therefore, that the chinieian and the radiologist face an ob-
ligation to provide nonsurgical treatment for most patients with broncho-
genic careinoma. Radiation treatment can play a significant role i assist-
ing patients with this disease at various stages, from the relatively early
leston 1n some patients unsuitable for surgery, to the pattent with remote
metastases and a relatively short Iife expectancy

Chemotherapy has yet fatled to yield a smgle agent or combmation ot
agents which can favorably influence survival time or even match the pal-
hative benefits of modern roentgen therapy Furthermore, these drugs are
all employed at high risk to the integrity of the patient’s blood-forming
organs. As the scarch goes on for 2 “wonder drug” for patients yet to come,
ncreased emphasts should be placed vn radiotherapy as an adjunct to sur-
gery for the greater benefit of patients now at hand (see Chapter 21).

Distant Metastases The patient with severe pain and disability from a
Iytic skeletal metastasis can cxpect a reasonable chance for prompt relief
from a short mtenstve course of conventional roentgen therapy—about 200
to 300 roentgens daily for 10 treatments Not infrequently reconstruction
of bony architecture w11l be observed If a fracture impends m a large mb
bone, we prefer to “nml” the fragments and then proceed with radation

An indwvidual with mvolvement of the eentral nervons system 15 usually
desperately in need of help because of the profound funetional and behav-
toral disturbanees This complication, observed i about 15 per cent of our

Cases, creates a severe strain on family and commumty resourees because of
the contimuous nursing care 1t demands Nothimng 1s more gratitying than
the frequent and lasting relief radiation can offer from mtractable head-
2ches, confusion and disorsentation, eramal nerve dysfunction and para-
blegra, In patients with anaplastic lestons, these results are particularly
Striking Beeause of the hazard of sudden edetna, 1613 wise to begm treatment
ot bramn or spinal eord with smaller daily tumor doses (100 to 150 rocntgens)
and earry the total dose to 3,000 to 4,000 rocntgens A variety of other com-
™mon metastatic lesions are worth treating if they are symptomatic, such as
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Fig 3—Rad: response of bronch i Here are 3 patients with proven

3 ble, with atel lung segments and involsed hilar and me-
diastinal nodes (x-rays on the left) (4, C and E) In each instance note the llramflllc
radiologie re<ponse, with relief of endobronchsal obstruction and aeration of the approptiate
lung (B, D and F) This nas accomphshed with dose lesels from 3,000 to 5,000 roentgens
10 3 to 6 weeks (s-rays on the right).
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painful hepatic enlargemnent, massie skin nodules and uncomfortable pe-
npheral nodes.

Advanced Primary Lesions What can the radiologist offer the grossly
symptomatic patients with an advanced primary lesion mvolving regional
nodes and contiguous structures—uwith or without remote metastases The
extent of malignant discase generally precludes any attempt at a realistic
effort to improve survival time Nevertheless. they are entitled to the same
basic humamtarian and medical considerations as other patients with
chronie, progressive and debilitating [ung disease External beam therapy,
with conventional or high energy radiation, 1s the best way to give reltef.
The portals are large and the dosage modest, usually less than 4,000 roent-
gens

Palhative radiation should be sertously considered for all symptomatic
cases except 1n the presence of marked eachexia, masstve chest disease nec-
rotizing, cavitating or infected lesions and mtractable pleural or perteardial
effusions The latter respond better to radioactive colloidal materials or
mtrogen mustard,

In more than 50 per cent of cases treated, palhative roentgen therapy
gwes symptomatic rehief from productive cough, hemoptysis dyspnea, or-
thopnea, dysphagia and chest pamn Tmpros ement may be noted m the first
tno weeks of treatment, but for more lasting benefit, treatment should be
carried through for four to six weeks for a tumor dose of about 4,000 roent-
gens Inpractice, dosage is adjusted to meet the patrent’s symptomatic needs
and the limits of his Jocal and total tolerance Objective evidence of satis-
factory response may be observed 1n the aeration of atelectatic lobes, clear-
g of obstruetive p itis, regresston of pul y lesion and shrink-
age of mvolved lymph nodes Indeed, the most important advantage of
effectrve radration is in re-establishing bronchial dramage because the symp-
tomatology of distal suppuration dominates and wastes the patient’s life
Supervoltage radiation 15 not essential for these cases, but 1t 1s surely an
i\dvantage, beeause of mumimal radiation reactions and ease of admmustra-

10n

The ehnieal syndrome associated with compression of the superior vena
cava is today nearly always the resnlt of invasion of the prevascular and
right paratracheal Iymph nodes and/or the great ves<el itself by anaplastic
bronchial cancer. Despite the ominous elinieal picture, 75 per cent of these

cases, in our evperience, have responded well to radiotherapy. When we
delivered a tumor dose of 3,000 to 4,000 roentgens n 4 to 5 weeks, there
as 1o reeurrence of the syndrome before death, for periods up to a year
after treatment Nitrogen mustard is not a substitute for radiation in these
eases because it 15 far more toxic and the remisstons of very short duration
H°“e"°l‘, we do employ nitrogen mustard m a single ntravenous dose of
04mg per kilo of body weight as a prelude to x-ray treatment because the
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1nitial response to nitrogen mustard 1s more prompt, and definitive radia-
tion can then be started a week later with full dosage schedule. Nitrogen
mustard is further employed by us for patients in whom radiatien is no
longer feasible or effective. Oceasionally, such patients will respond well
enough to become suitable candidates for defimtive radiation treatment

Until the availability of supervoltage therapy, we had httle success in
controlling the intractable pain associated with the Pancoast syndrome,
arising from mvasion of the apex of the lung, the thoracic cage, the spine
and the brachial plexus. Effective dosage can now be delivered in this area
and a few long-term survivals have been achieved in spite of gross involve-
ment of bones and nerves (Haas)

In this apparently hopeless group of patients, which most radiologists
get to treat, the prineipal objeetive of radiotherapy is to reheve distress and
disability. Tts effect should be assayed only by symptomatic and objective
benefits and not by the parameter of survival. Nevertheless, it 1s of inferest
that even 1 this advanced stage of disease a modest improvement in life
span 1s reported as well as an oceastonal long-term cure (Leddy, Craver,
Kutz, Brooks, Guttmann, ete.). In a recent survey we conducted, the ma-
jority of therapeutic radiologists questioned had well documented records
of such cures One of our own patients 1s llustrated in figure 4

Fig 4—A 10 year radiation cure for nonresectable proven carcinoma of the lung (A)
Tlas :.as  nonresectable Pancoast-type lesion myading and dcstrop;lg th? :lzmmc cagi
v e v1cal plexus Attempt at surgery was unsuccessful The diagnosis of
n:d mvolving the cerv 7l e o e thas vonely e 00 e e
o therapy (3,500 roentgens in 3 weeks).

B) More than 10 years after radiation
{‘zt: li::orf rlmni?;econtrolred and the radiograph is negatine for disease. The patient 3510

serfect health and has continued his occupation
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Limted Primary Lesions: What shall we do for the patient who at first
presents a tumor of limited local extent but definitely not operable, or of
borderline operabihity, or rejected as nonresectable after thoracotomy, or
locally recurrent. Many of these patients are in fairly good general condition
without evidence of distant mctastases and may have relatively few com-
plants It is our impression that, 1n this country, such individuals are gen-
erally not referred for radiation therapy until therr disease becomes far
more advanced and they become “sick enough to need radiation ” On a
national seale this group may represent as much as one-third of the 27,000
new eases reported last year.

The only present hope for improving the over-all salvage rate rests on
radreal irradiation of the local lesion under optimum conditions m this al-
legedly unfavorable group of individuals, as early as possible 1n the course of
their disease. It would be unrealistic to expect a striking 1mprovement i
the cure rate from such an effort, but we cannot afford to look for “pig-n-the-
&ky.” Gains would be measured 1 terins of enhancement of average survival
time. Considering the large number of mdividuals myolved, this objective
alone would be well worthwhile Apparently moperable lesions may become
opergble, The surgeon would have “a second ook ” Further, 1t would be
safe to predict that some long-term eures wauld be recorded

What 1s the evidence that localized bronchial cancer, unsurtable for re-
section, 13 a radiovulnerable lesion? There are already several retroseopic
observations to lend support to an affirmative opmion (1) the radosensi-
tnty of single lesions—primary and metastatie, notably in undifferentiated
and epidermoid tumors, but seen 1 all histologic types, i our experience
with more than 1000 eases, (2) post-mortem studies revealing complete
eradication of proven primary lesions and regional nodes as swell (Churchil],
Haas, Guttmann, Bromley, Smithers, etc ), (3) obhteration of the chest
1.esmn in 44 per cent of a group of operable and moperable patients sub-

Jeeted to preoperative radical irradiatton and later explored An additional
L4 per cent showed only degenerate tumor cells present (Browley and Szur),
(4) well documented reports of long-term cures after radsation for moper-
able local disease (Smuthers, Burnett, Euphret, Craver, Leddy, Felton. ete },

(3) sigmificant improval m average survival time from several radiation

cltmics, both here and abroad (Smthers, Brooks, Kutz Guttmann, Boland
ele

A randomized prospective study of careful experimental design should
beundertaken to provide statistieally acceptable data to answer the question
2sto whether modern radiation therapy can improve survival for inoperable
bronchial caneer of Iumited extent
Can supervoltage radiation offer longer survival than conventional radia-
tion in thig group of cases? Prehmunary evidence suggests 1 can (Kutz,
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Watson, Haas, Guttmanu, Hare, Boland, etc.). For example, in a recent
study at the Christie Hospital m Manchester, small primary bronchial ear-
cmomas (inoperable) were subnutted for radical treatment by means of 250
to 500 Inlovolt therapy and a 4 mallion volt linear accelerator. At the end
of two years, more than twice as many of the high energy treated cases were
alive (Boland).

Operable Lesions. What can the radiologist do for patients with operable
lesions, applying the radiologic advances of the last few years to optmum
advantage? So long as radiologists rarely get to treat such cases, it remains
mmpossible to state fully and confidently the curative potential of radio
therapy. It 15 generally agreed that Stage I epidermoid carcmoma m other
anatormc sites (oral cavity, larynx, cervix, ete.) is a radiocurable disease.
There 1s little reason to believe that Stage I epidermowd carcinoma of the
bronchus will behave differently under radiation management.

Of constderable interest 1s a recent report from London describing &
unique group study of radiation therapy in proven cases of operable bron-
chial cancer Of 25 patients, 5 have ltved from six to nine years There were
no peripheral lesions and all patients had the mediastinum treated, although
none had clinieal evidence of mediastinal nodes prior to radiation, The
x-ray treatment was highly mndividualized but all received conventional
radhation, with dose levels of 5,000 to 5,500 roentgens for the squamous
caremomas and 4,000 to 4,500 roentgens for the undifferentiated lesion m
seven to eight weeks None of the patients in this series died of racdiation
pneumonitis When these authors compared their data with the surgical
rate at two monthly intervals, the radiotherapy figures appeared better than
those for surgery for the first two years and much the same thereafter. Of
further interest are 3 additional operable cases (2 were anaplastic) referred
to the radmologist 1n this study group All three patients have lived more
than five years after radiotherapy without apparent disease (Smart and
Hilton) X

The true potentral of radiotherapy for cure can only be ascertained from
the randomization of operable proven cases (histologically or cytologically)
between surgical resection and supervoltage radiation. In the meantime,
the elinteran will contmue to refer his operable cases to the thoracic surgeon,
reserving for the radiologist those who refuse surgery, or are rejected by
the surgeon because they cannot withstand the operation, or present ana-
plastie lesions which are rarely cured by surgery.

Esophageal Carcinoma

Carcinoma of the esophagus 1s still a grim disease, with an absolute sur-
vival rate of less than 1 per cent There 1s little reason to expect much m-
provement mn this figure through earher diagnosis or more radical surgery-
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More than one-half of the patients with this msidious disease are already
nonresectable when first seen and thoracie surgery for the rest 1s as daring
as it ean be, To improve the probability for greater salvage, ne shall have
to look to hugh energy radaation, 1n combination with surgery or radiotherapy
alone 1 selected operable cases such as those with upper third and middle
third lestons. As 1n bronchogenic carcinoma, it 15 unrealistic to expeet a
dramatic improvement 1 the cure rate through such an approach, but the
gams m palhation and m cumulative survival time may be very real indeed

The clmeian confronted with the need for 2 wise therapeutic decsion

in a particular patient must first gain an appreciation of the advantages and
the lmitations of both the surgieal and radiologic methods He must inte-
grate a number of eritical factors to assay the chanee for cure or palhation
hy either method. These factors melude the age and general condtion of the
patient, the site, stage, type and histology of the lesion, and the mortality
and the morbidity rate proffered by the surgeon and the radiologist

Upper Esophagus On the basis of our experience with 263 treated caces
and a careful assay of the reports from other tumor centers (Buschke, Adams
and Salzman, Burnett and Moore, Pettit, Sweet, Smithers, Haas, etc ) we
would select supervoltage radiotherapy for apparently operable lesions 1n
the cervacal esophagus and the upper fourth of the thoracic esophagus About
17 per cent of lesions are found mn thrs anatomuc zone

Inskilled hands, a five year cure rate of about 17 per cent can be achteved
with radiation treatment 1n the cervical esophagus—the area of highest
surgical mortality and rare cure (Jacobsson) Qur only long radiation sur-
vivals (1 for 10 years, another for 14 years) were moperable patients with
high lesions Here the radwologist can delver cancerocidal doses with neg-
ligible morbichty There 1 ittle mtervening Iung and the tumer and nodes
are eloser to the surface Any radation fibrosis produced here 1s no resl
chinical problem Indeed, a death due to such treatment would he extra-
ordimary,

These advantages of radiation treatment are not appreciated by most
surgeons As late as 1956, Wangensteen stated. in a ph for the phy-
sielan, sponsored by the American Cancer Society, that “despite the magni-
tude of the procedure, operation has become the order of the day m most
clinies in this country In a few arens, there 1s still a remnant of enthusiasm
for roentgen ray treatment” This distinguished surgeon readily agrees,
however, that “the results of surgery for cancer of the upper thoracic esopha-
gus have been so disappointing and the operative mortality has been o
high that surgeons are more willing to have their roentgenologist colleagues
continue to explore the possibilities of ablation of such eancer by wrradia-
t1on ” Operative mortality m this area 1s between 40 and 50 per cent Some
Surgeons have invited their radiologic colleagues to jom them m a combined
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Fig 5—A 14 year radution control of esophageal eareinoma., (A) Note the completely
obstrueting lesion 1n the upper third of the esophagus at the thoracie inlet Biopsy shoned
epidermoid earemoma 1n this 55 year old male veteran A tumor dose of 5,600 roentgens
was delivered with conventional therapy through 5 cross firing portals 14 years ago in
our radiation ehme (B) Esophagram illustrating the previous site of the lesion with com-
plete restoration of normal function for 14 years mith repeated biopsies consistently nega-
tine for cancer cells A new leston appeared last year below this site and gastrostomy was
followed by the patient’s dermse A post-mortem examination was not avadable

cffort to cope with these fornudable tumors because “radiation has made
the upper lestons tend to a more favorable prognosis” (Adams and Salzman).

Middle Thoracic Esophagus Carcinomas located in the nuddle half of
the thoracic esophagus comprise about 70 per cent of the cases. In a careful
and authoritative comparnson of therapeutic results on a world-wide bass,
Buschke concludes that the five year results obtained by surgery and radio-
therapy are mn the same range He emphasizes, morcover, that the radilogic
series ncludes many cases that would have been rejected even for explora-
tion by the surgeons,

Autopsy studies of patients who die of progressing disease outside of tl.le
esopliagus or of other causes have demonstrated the absence of disease in
the treated portion of the esophagus more frequently than would be con-
sistent with chance alone. In Watson’s serics, for example, 5 out of 7 au-
topsies showed no evidence of recurrence m the esophagus (3 of these died
of cardac farlure) Smuthers, in his group of 32 completely treated patients
observed 3 mstances 1n which at post-mortem no evidence of residual tumor
or ulceration was found, 1 addition to the 3 patients who were frge from
symptoms for more than 5 years. In 4 additional cases Jocal uleeration but
no viable cancer was found at post-mortem; 6 more patients dred without
return of symptoms These data would suggest that in 16 of the 32 adequately
treated cases, the primary lesion was controlled
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How then should one integrate the selectton factors to make a wise choice
of treatment? Clearly, radiotherapy should have mereasing preference with
mereasing age Sweet reports that the mortality m patients over 65 years
of age was four times that of patients under 45 years of age On the other
hand, neither age nor general condition (except advanced cachexia) 1s a
serous deterrent to effective radiation therapy Further, the presence of
cardiopulmonary disease at, the outset, does not seriously influence the ther-
apy; norsthe patient likely to evpect as great a hazard of death from eardrae
disease, pulmonary embolism, hemorrhage, mfection, pultmonary msuff-
eiency or anastomotic stricture as with surgery

Patients with Jughly anaplastic Jesions are best spared a radieal surgical
procedure beeause therr probability for cure 1s mmmal In such cases, how-
ever, maumum palhation benefits can be ganed by radwtherapy As m
carcinoma of the lung, the trend 1s presently toward romazing radiation for
Inghly undifferentiated lestons, especially since recent reperts of provoeation
to spread through the surgical procedure

According to Buschke, the gross a-ray appearance of the lesion 1s a de-
pendable Jead to prognosis and to choice of treatment For example, he would
cousider the constricting circular lesion someswhat more favorable for sur-
gery because they are assoctated with mummal lymph node mvolvement and
can he more easily exeised Even if radiation ts selected and fails, surgery
isstill possible The exophytic lesion, on the other hand, is usually unfavor-
able for cure by any means because of early spread through lymphatic and
regional nodes Vet, they are really more radioresponsne than the first
group

The superficial mucosal cancers are the least suitable type for surgery
beeause they are prone to rapid and widespread Iymphatic extension, re-
mote metastasis and local perforation They are seldom curable when ree-
ognrzed by either surgery or radiation treatment It is, therefore, doubtful
whether one is justified 1n subjecting these patients to the greater discomfort
assocrated with surgical removal

The possibshty of perforation of the esophageal nall during radiation 18
an old objection raised by surgeons and chinicians, but 1t 1s not one shich the
radiologist, takes seriously because he encounters 1t n only a very small
number of his treated caces, and the types which perforate might be expected
t0 do so nithout radiation, In these cases (whseh represent the large ul-
cerating and chsmtegrating tumors) surgery will ikewre fail Adams and
Salzman of the Lahey Clunc have been surprised at the occurrence of so
few mendents of perforation and hemorrhage in their series of 40 supervoltage
treated cases,

Lowest Fourth of Thoracic Esophagus In this anatomic site are found
about 13 per cent, of epid 1 h 1 Surgery should have
Preference in this arca because th.e surmeal cure can be achteved here m
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about 15 per cent of the resectable cases, with a primary surgical mortahty
of only 11 per cent (Sweet). Further, with surgical exploration, one can
recognize and remove regional nodes below the diaphragm Radiation treat-
ment, to be effective in these important lymph nodes, must include a very
large volume of tissue, with the tolerance of the stomach as a limiting dosage
factor (about 4,000 roentgens). Supervoltage radiation 1s essential m this
area 1f x-ray 1s selected. If the histology proves to be adenocarcinoma, then
surgery would most certainly be the method of chorce.

General Discussion

Surgreal and radiologie failures are mainly due to the early spread through-
out the regional lymphatic nodes. There are deposits in the intramural
lymph nodes along the esophagus and m the para-esophageal and medras-
tinal lymph nodes. Microscopic cancer consistently seen at the line of anas-
tomosis led to recurrence and breakdown in many cases at the Lahey Clinie
{Adams and Salzman) We share this experience.

These profoundly depressing facts have prompted these authors to adopt
a combined program of radical surgery and postoperative supervoltage ra-
diation A tumor dose of about 6,000 roentgens in 6 weeks is delivered, when
feasible, to the entire esophagus and 1ts Iymphatic vessels, usig 2 mullion
volt radiation. This portal includes the Iymphatic nodes of the periesopha-
geal, cervieal, supraclavicular and mfraclavicular areas. The trend in ther
results, reported in June 1959, has justified these workers to continue the
combined approach They conelude that “combined resection and supervolt-
age radiotherapy 1s of distinet value and we are contmuing to treat all cases
we possibly can with this combmed treatment ”

Rawitch and his colleagues, reporting at the 1952 meeting of the Amerr-
can Association of Thoracie Surgery, stated that “results of extipation of
carcmoma of the esophagus to date have been so discouraging as to raise
serious questions concerming the value of the dwect attack.” When only
palliative results can be expected, radiation therapy should have preference
over any type of surgical procedure We have been able to restore and mamn-
tam orasd feething m 54 least 50 per cent of the patients treated, Nielsen re-
ports that complete or nearly complete primary freedom from symptoms

(almost normal deglutition and radiologic improvement of the passage) was
obtained in 117 out of 174 patients treated, or in two-thirds of th.e total
number or four-fifths of the adequately treated patients This result is even
more impressive when one considers that about one-third of these cases had
enormous lestons more than 10 em 1 length on the radiograph. In.mar]y
instances, patients are able to swallow up to the tume of death, which, in
most cases, is due to metastases and cachexia.

Is there any reason to hope for better surgieal salvage mn the upper and
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muddle thoracic lesions through radical preoperative radiation? There 1s a
keen mterest in this question at the Memorial Hospital in New York be-
cause, in the history of this mstitution, there could be found only 2 sur-
vvors from surgical treatment of this lesion. Accordingly, from 1936 to
1938, 20 patients with upper and muddle thoracte lestons recetved preopera-
tive irradiation for a tissue dose of 6,000 roentgens m 6 weeks, utihizing a
rtotational cobalt beam. Within six weeks after completion of the radiation
course, 11 of these individuals were found to be resectable Their lesions
had regressed markedly, when compared with preoperative evidence from
radiographs and esophagoscopy Six of these 11 operated cases had either
no tumor at all or a small residual nidus In only two nstances was tumor
found to invade through the esophageal wall Most striking was the absence
of regional nodes and 1n only 2 cases were there distant nodes visualized

During the same period, 13 private patients were admitted to the hospital
with lesions simtlar to those m the irradiated group Of these priate cases,
none were irrachated and only 5 proved to be resectable .\ll of these patients
had extension of tumor through the esophageal nall and 4 had histologically
positive regional nodes This study, which will continue, suggests that su-
pervoltage preoperative irradiation can improv e the resectability rate eradi-
cate the primary leston, limit mvasion through the esophageal wall, control
regional nodes and improve the probability for survival All of these bene-
fits were accomplished without chineal or radiologic evidence of pueumon-
tis and without complicating the surgteal procedure n any way Survival
records will soon be published by this group (Cliffton, E , Goodner J T and
Bronstem, E ),

We employ a polyethylene tube for forced feeding to support the patient
during radration therapy This 15 feasible 1n most cases, but if not, a tem-
Pborary gastrostomy 1s sometunes advised However, a gastrostomy 1s no
substitute . - T ) v
without e
certamly . . R
8 state of “withering undelight,” for eatmg, apart from bemg a necessity,
1sthe greatest of Ttving pleasures This gone, Iife ts not worth Iiving ”

Rare Promary Malgnant Tumars

Carcinoma of the Trachea In the trachea the adenccareinomas and the
Squamous eell carcmomas are about equally divided, representing nearly all
the rare mahgnant lesions found n this structure The basal cell cancers
account for the rest, As m cancer of the esophagus, this tumor has a ten-
dency to spread widely m an axial manner invadng the local lymphaties.
Dramatie operative procedures have been conceived using reconstructive
Procedures and plastic replacements We would urge that such patients first
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be explored and a surgical effort be made for cure with radiation as an ad-
junct Only 1 of our 6 cases has survived radation therapy alone and he
still appears to have persistent disease in spite of a cumulative tumor dose
well over 10,000 roentgens (in two courses)

Thymic Tumors: The interpretation and classifieation of the host of le-
sions which have been called “thymomas” is exceedingly complex and be-
yond the scope of this seetion on therapeutics. Nevertheless, the therapentic
radiologist has an important place in the management of these tumors, es-
pecially 1f they become “mahgnant” or are associated with myasthenia
gravis A thymie tumor must be called “malignant” if it extends, invades
and 1mplants neighboring tissues, eventually destroying its human host,
unless checked. We find them on routine chest radiography and less often
from symptoms of thoracie pain or superior mediastinal obstruction.

Although the primary treatment of thymie tumors 1s by surgery, adyunct
radiation treatment—generally preoperative, sometimes postoperative—1s
essential Supervoltage x-rays are preferred because of minimal skin reac-
tion, higher depth dose, less leukopenia and sparing of normal pulmonary
and mediastinal tissues A tumor dose of 4,000 roentgens n four weeks is
the dose objective, beginning with a small dose of 50 to 100 roentgens 1f
myasthena 1s present. The treatment course may be fraught with lmusufl]
complicatrons such as high fever, atypical pulmonary infections, myasthenia
crises, mediastinits and pericarditis Close day by day management of the
patient by the medical and radiologie team is mandatory.

Response to irradration 1s assayed by roentgen evidence of regression of
the mass and by mmprovement 1 myasthenia Thymectomy may be con-
templated about two months after radiotherapy, if it 15 indicated, but slow
mmprovement 1n the myasthenia may delay the surgieal procedure Jones,
Keynes and Harper have treated 18 cases and 13 are alive from one to five
years Three patients are entirely free from complamts from two and one-
half to four and one-half years, while useful umprovement has been gamed
m nme other cases Five ndividuals died from wrreversible myasthenia (all
withm 18 months of treatments) These authors warn that the ultimate
prognosis must remam guarded because relapse of myasthenia may oceur

after a complete remussion of even three years.

Irradiation of the nonmahgnant thymus i myasthenia gravis has been
dufficult to evaluate because of the vanabihty of spontaneous remissions 1n
myasthema We agree with Jones that 1t should be reserved for older pa-
tients no longer responsive to neostigmune. It 1s of further mterest that pre-
operative wrradiation followed by thymectomy appears to enhance control
of myasthenia and survival

Mahgnant Tumors of the Pleura- These rare neoplasms may be Iocal or
diffuse—the local lestons treated surgteally and the diffuse tumor radiated,
with Iittle profit in either case.
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Tumors of the Heart and Pericardum In a single hfetime no el 1s
Iikely to encounter more than a handful of such eases They are nearly all
advanced when first seen and not usually amenable to surgical resection,
nor do they respond well to conventional radiation treatment because they
are sarcomatous Nevertheless, when confronted with such a prohlem, the
radologist may treat with supersyoltage radiation to restram the tuwmnor
growth The tolerance of the normal cardiac and periearchal tissues 1+ un-
usually high, but the intervening pulmonary tissue will restriet the dose to
less than 6,000 roentgens, especially because huge treatment portals are
generally needed.

Other Mediwstinal Tumors Of the rare soft-tissue sarcomas which are
found 1n the chest none are responsive to ronizing rachation except the lipo-
sarcomas, and hardly ever 1s one of these lesions controlled because of wide-
spread metastases

When a malignant lymphoma appears to have its ongin i the chest and
15 well localized, ne believe in making an effort for long-term survnal
through surgieal resection, 1f feasible, or radiation therapy Indeed, a lo-
calized focus of Hodgkin’s disease, lymphosarcoma or reticulum cell sar-
coma may be controlled with a tumor dose of 3,000 to 4,000 roentgens m
three to five weeks

The neuroblastomas will be discussed m the section on pediatric tumors

Metastatic Tumors

Invasion of the pulmenary fields or mediastinum by metastatic neo-
plasms 13 2 common and formidable climeal problem Except for carcinoma
of the thyroid, breast and prostate, and lymphomas and leukemias, which
may also be treated by other modalites, all other sarcomas and carcinomas
secondary m the lungs can be handled according to the prineiples we have
already outlined for primary pulmonary tumors Some tumors may grow
slowly and produce almost no symptoms If therr hustology 15 of a known
radioresistant type, then radration therapy may be withheld However, the
radiwsensitive lesions, even if asymptomatie, should be treated tu a tumer
dose of 2,000 roentgens to the whole chest 1f bilaterally distributed, rracat-
ing just one lung field at a time These lestons mclude seminoma, lympho-
farecuma, neuroblastoma, Ewmng's tumor, Wiln's tumor, etc We have seen
& few 5 year remssions in patjents so treated Hemoptysis frequently re-
sponds to radiation therapy as well as cough and productive expectoration
{see Chapter 22)

Patients with radwresponsie primary lestons such as carcinoma of the
breast, esophagus, bronchus, cervix, oral cavity, thyroid, cte deserve every
tonsideration when they present themselves with symptomatie lung infil-
trates or mediastinal nodes Even when asymptomatic, we think that radia~
ton should be attempted 1n a “holding effort * because the onset of extreme
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dyspuea and gross pulmonary disability may thus be delayed. Such lesions
should therefore be treated as early as possible and to dose levels of about
3,000 to 4,000 roentgens to the local area

In a situation in which a single metastatic lesion appears in the lung
several years after the primary has been removed by surgery or destroyed
by radiation, we would undertake to heavily irradiate this focus unless the
patient would agree to a lobar rescetion

We have a specal interest m malignant lymphomas involving the lung,
based upon our experience with nearly 1,000 patients with these systemic
diseases This lesion responds exceedmgly well and deserves more aggressive
therapy than 1s usually accorded to metastatic lung discase. In one instance
we have seen a loeal remission of more than 10 years after 4,000 roentgens
to the rnight upper lung field. Huge excavating pulmonary infiltrates have
healed for scveral years and no recurrences were noted in the local site.
Pulmonary Hodgkin’s 1s a serious complication but can be well managed by
radiation therapy, with help from the newer alkylating agents, as well as
nitrogen mustard (see Chapter 13)

The response of thyroid cancer to external radiation js varted and un-
predictable The pulmonary lesions frequently respond to x-ray therapy,
but 1f they are capable of concentrating rodine, then I'¥! therapy should be
first treated In our experience the alveolar and follicular tumors are most
likely to acquire the I'™ The only hmiting factor to aggressive radioiodine
dosage 15 damage to the blood-formning organs.

The objective of treatment for secondary lung tumors is to relieve symp-
toms, mnaintan Mmorale, increase the pertod of a useful Life and occasionally
prolong Iife It should be emphasized that in the mdvidual patient fuvorab{e
remussions to treatment 1s sometimes unpredictable. We are therefore justi-
fied 1 pursuing a more optimistic and more aggresstve therapeutic approach
m these chromeally 11l patients

Tumors of Childhood

General Considerations Iu the ¢ of pediatrec meof
role of radiotherapy 1s prineipally palhative It assists the surgeon, the
pedhatrician and the chemotherapist at all stages i the disease. In at Jeast
one major cancer of childhood—Wilm’s tumor—radiation treatments add
greatly to the chance for cure as an adjunct to surgery for the primary Jesion.

There are several important differences between radiotherapy in adults
and m children that need to be discussed. The normal tissues of children
are dictmetly more radiosensitive, with little margin between tumor dose
and tolerance dose. For example, the blood cell picture may show sudden
and profound effects, especially when a large chest volume is exposed. The
sk of the chest wall and abdomen seems to be more sensitive than the same
tissue elsewhere 1 the child or mn the adult. The gron ing ends of bones and

2 the
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the endocrine organs require special protection to nunimize late effects on
the skeleton and other development of the growing child The eloser proxim-
ity to the skm of the essential deep organs gives them a higher selective
dosage, with earlier complications of cystitis, gastntis, proctits, and en-
teritis, Systemie effects are sumlar to those encountered in adults It 1s of
particular interest that after the age of 10 the radiation tolerance rapidly
approaches that of a mature person.

In pediatrie therapy, supervoltage radation 1s distanctly helpful, because
it spares the skin and bone and hmats the scattered radiation to normal tis-
sues As a consequence, leukopenia and radiation sickness are sharply re-
duced, treatment planning becomes simpler and treatment becomes safer
Nevertheless, the daily dosage 1s mamntamed at a lower level than adults and
afiveday week 1semployed Lead shielding 1s generously used and the child's
body effectrvely mmobihized, i a plaster shell, 1f necessary The lungs,
especaally, should be spared excessive radiation, because the child tolerates
radiation pneumonttis very badly

8pecific Tumor Problems Hodgkm's disease, lymphosarcoma and re-
ticalum cell sarcoma are infrequently seen m childhood In spite of a grati-
fymng immediate response to radiation, these children rarely survive more
than a year or two after diagnosis

Neuroblastomas arising i the chest and pelvis have s much better prog-
nosis than those primary in the adrenal, especially when treated early and
effectively with roentgen therapy Metastasis to the lungs from 2 prunary
lesion elsewhere 15 virtuatly unhnown

Wilm's tumor, metastatic to the lungs, 1s strikmgly radiosensitive and
deserves a real effort at long-term control even when massive deposits are
seen in the radiograph  After treatment of the entire lung field (one hemi-
thorax at a time) remissions have lasted as Jong as five years, with dose
levels of only 2,000 to 2,500 roentgens

Even the metastatic osteogenic sarcomas are worth treating because
they may sometimes respond surprisingly well

For several years, most pediatricians and radiologists m this countr'y
have abandoned the practice of routmely irradiating an enlarged thymic
shadow when laryageal stridor was present, It is uow recogmized that there
are striking vamations in thynue size n different ehildren and m different
phases of respiration If the diagnosis of thymie hyperplasia becomes well
established and stridor becomes chronie and severe, then radiation treat-
ment 15 the best chozce, with a dose of 50 to 75 rocntgens repeated twice m
one week,

Radzozxotope Therapy

Hundreds of ngenious nvestigations have been undertaken m the past
U years 1n an attempt to delver eficctive doses of 1onjzing radiation to
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Fig G—Radiosotope therapy 1n lung eancer Illustration of several methods for de-
Livering selectiye radioactivity into the bronchus, lung, tumor and lymph nodes.

pulmonary neoplasins, primary and metastatic, utihzing a variety of ra-
droactive 1sotopes. These versatile agents have been introduced by intra-
venous, mtra-arterial, interstitial, transbronchial and pleural routes (fig.
6) They meclude radiosotopes of gold, phosphorus, silver, zine, yttrium,
mdim and cobalt.

From a practical viewpomt, the fruits of these mvestigations have not
been striking, except for the use of xadioodme in thyroil metastases, in-
trapleural admimnistration of radiocollords for effusions, interstitial therapy
with gold and wridium and the external beam therapy with cobalt Never-
theless, many palhative benefits have been gained, when assessed in terms
of relief from distress and occasional prolongation of useful and comfortable
life. The principal obstacles encountered in the exploitation of radiosotopes
for lung cancer therapy melude (a) inability to promptly locahze the nu-
clear agent 1n high concentration mn the diseased tissues and (b) the intol-
erancc of entical radiosensitive tissues such as the bloodforming organs and
the lungs It 1s especially in bronchogenic carcinoma that erery avenue of
rescarch needs to be explored to find a radioisotope adjunct to evtcrfnsl
beam therapy m the nonresectable patient which will be truly effective
and climeally safe for the patient and his community. N

Transbronchial delivery of collodal radiogold has been accomplished, ir-
radiating lung parenchyma at high therapeutic levels without bone marrow
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Fig T—~Asembly of syringe with 8 mm thick Jueite eylmder for admmntration of ra-
dioactive eollotdal ehromue phosphate mto the pleura) cavity, pencardial ~pice or tumor
trstie The plastie provudes complote mdition protection for the aperator from the pure
bta empseion of P2

change The gold colloid drams to the regional lymphaties, but too slowly
forradiate adequately the regional lymph nodes (Meneely et a1 ) Hahn

23 therefore prepared radiogold colloid with mactive stlver to speed the
drainage There 13 gven prompt deltvery to the contrilateral lymph nodes
after placement, m the bronchus Bryant and his colleagues were able to
*nd radiogald colloyd to the Iymph nodes by mjecting the matenal direetly
im0 the bronchial submucosa

The intravascular route has also been explored, using radioactive particles
large enough to become fived 1n a particular lung segtent, after (l}‘ll\'er}'
13 catheter i a branch of the pulmoenary artery (Muller and Rossier). Tt
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has not yet become possible to inject the bronchial artery itself for ideal
placement of the radioactive material.

We have already indicated the benefits of supervoltage radiation which
Cobalt-60 can provide, as a telecurie substitute for massive x-ray gencrators.
Cobalt-60 15 so easily and economically produced that it 1s finding wide-
spread application m caneer therapy throughout the country as a super-
voltage source and as a substitute for radium. It has a half-life of 5.3 years
and emits gamma rays of 1.1 and 1.3 Mev. intensity. Cesium-137, with a
lralf-life of 37 years, 1s another promsing high energy nuclear service (069
Mev.)

When intractable pleural effusion complicates the life of the patient with
advanced caremoma of the lung, primary or metastatic, it is mandatory
that the patient’s suffering be relieved by a defimtive effort to arrest the
formation of flmd This can best be accomplished by the use of radioactive
collordal materials mcluding yttrium, gold and phosphorus i the majority
of patients so treated. The nature of the response is not consistently related
to any particular type of prumary lesion. Indeed, we are convinced that the
response 1s the indirect effect of the 1mpact of 1onizing radiation, not on
the tumor cell, but on the serous membrane, mterfering with the dynamics
of flurd transfer.

Radiwogold (Au*®) has a half-hfe of 2.7 days, with the emission of mostly
beta particles having an average energy of 0 32 Mev and some gamma rays at
041 Mev The colloidal gold is nontoxie, insoluble i body fluids and rela-
tively mert biologieally. It 15 mtroduced intrapleurally in the form of 2
collowdal suspenston with particles measuring approximately 20 to 200 milh-
miucronsn size It flocculates on the pleural membrane and produces a super-
fieral and diffuse radiation change with varymg degrees of mild ﬁbrqus
pleural thickening. Oceasionally, this thickening may produce extensive
adhesions, creating numerous fluid pockets with further Iimitation _of Auid
accumulation It is well to point out that the underlying lung tissue is func-
tionally preserved because the maximum range of the beta particles1s only a
mullimeter or two The dosage ranges from 75 to 150 millicurtes and this may
be follow ed by more treatment after several nceks, if indicated.

In our chinie, we prefer the use of radioactive phosphorus to rad{ng)’d
beeause Au™ detertorates too rapidly, emits a hazardous gamma radiation
and produces only nunimal radiation changes on the surfncfa, Furthermoro:
in our experzence, the gold colloid has failed to floceulate consistently, rapidly
or homogenously on the serous membrane. Occasionally, bone marrow de-
pletion has been noted with radiogold therapy. y

Radroactive colloidal chromic phosphate has a half-life of 14 3 days, an!
energetic beta particles of 0.7 Mev average energy, with greater penetra-

tion of pleura and tumor tissues (up to 8 mm.). The absence of the gamma
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ray component provides safety, convenience and economy m preparmg,
shipping, handling and adminstermg the drug, as well as in the manage-
ment of the patient after treatment The techmie of adininistration 1s stm-
ilar to that empleyed with radiogold, but 1s much stmpler After removal
of the flud, 10 millicuries of CrP%Q, are mjected with a plastic-covered
synnge (fig. 7) Our clinical experience of the past five years shows the
results to be comparable to those achieved with radiogold Furthermore,
ssolztion of the patient with special ward precautions for radiologieal safety
of hospital personnel 1s not required. In a sertes of 50 patients, we have
seen ho untoward reactions, local or systemre, nor was there any 1mpair-
ment of the blood elements Other investigators have reported a similar
experience (Jaffe, Jacobs). Radioactive colloidal yttrium with a pure beta
emission of high energy (2 18 Mev) and a short half-Tife of 2 51 days has not
found wide application as yet

Radioactive collordal materials such as gold and phosphorus have been
durectly injected into tumor tissue 1n our chnie and elsewhere A remark-
ably high dose can thus be mtroduced mto the nonresectable tumor and
regional lymph nodes without hazard of damage to surrounding lung tissue
However, homogenous distribution of the material 1s difficult to attam An
optimal and consstently effective tumor dose has not been well established
Anel miroduced radiophosphorus nto many patients with primary and
metastatic lung cancer, usmg ntravenous, wmtra-artertal and mtracardiac
methods, He concluded that this agent did alleviate troublesome symp-
toms in 4 significant number of patzents without untoward reactions to the
agent

Henschke explotted the use of permanent mnterstrtial seeds of Ir™** as a
means for dealing with nonrescctable lung eancer at operation This agent
has 2 half ife of 74 5 days and emuts a high energy gamma ray Accurate
Jocalization of the seeds was accomplished with a special gun He reports
Prongunced tumior regression i nearly every case. worthwhile pallation
In many patients and occasional cure The only drawback 1s the long half-
hfe of Tpsez, producing a hazard to the patient's immediate fanuly and as-
sociates tor several months For this reason, Cr** (with a half-lfe of 28
d255) and Lutettum-177 (half-hie 8 days) are bemng developed

Theurencally, the radioactive 1sotopes would appear to be the only
means of delivering iontzing radiation as a radioactive barb to remote
mefastatic disease. As vet, however, there appears to be no immediate
Prospent for specific Iocalization of mtensive nuelear radiation m such le-
sons by metaholie eans, as 1n radioledine therapy of thyroid earcinolna

Tn the case of thyroid cancer with pulmonary metastases, it is strll neces-
S8IY {6 mamtam an mvestigative attitude n spite of the fact that radio-
odine treatment has been m progress for nearly 10 years Tn our labora-
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tory, for example, only 3 of our 43 individuals with moperable thyroid
neoplasms were found acceptable for aggressive treatment by virtue of their
imtial or induced concentration of I8!, Tt should be pownted out, therefore,
that the failure of I’ to concentrate in pulmonary, mediastinal or hilar
metastases from an unknown source does not necessanly exclude the pos-
sibility of their bemng of thyroid origin. Because of the many Imitations of
radiolodine therapy, no patient with pulmonary or mediastinal metastases
m cancer of the thyroid should be denied roentgen therapy even if 1sotope
treatment is unfeasible or neffective. One of our patients, for example, has
survived 12 years without evidence of disease after roentgen therapy for
far advanced adenocarcinoma of the thyroid involving the mediastinum
and one lung field
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CHAPTER 21

Management of Inoperable Primary Tumors
of the Chest

By EDGAR MAYER, M D, axp GEORGE C ESCHER, M.D

BRONCHOGENIC CARCINOMA Is Now the prevailing cancer in the male and
1ts meidence continues on the merease It oceurs predommantly between
ages 40 and 70 with a peak meidence at about 60 years Its most common
form 15 the eprdermoid type found chiefly m the male 1n contrast to adeno-
which 1s pred m the female Other forms are the un-

differentrated, the peripheral bronchrolar, the alveolar and the oat cell

Curative resection of lung cancer 1s possible in fewer than 10 per cent
of all the cases that are seen, The total number of the surgically incurable
15 steadily 1nereasing; therefore, there 1s need for an actrve program for
therr terminal care, employmng every feasible palliative weapon

In the management of any patient with lung eancer 1t 13 first meumbent
on the famuly physteian and the chest internist that they share with the
surgeon the responsibility of decision as to surgieal intervention Therefore,
they should be thoroughly famuliar with both the indications and con-
traindieations for surgery

We consider 1t essential to hist here the findings that indicate inoper-
ability 1 order to emphastze to the practittoner and chest internist the
importance of searching for such evidence With this information at hand
they will then be able to judge the advisability of surgery

EVIDENCE OF INTRATHORACIC METASTASES INDICATING INOPERABILITY

1 Paralysis of the left recurrent laryngeal perve, m a patent with recent onset of
boarseness or w here bronchoscopy shows vocal cord paralys:s

2 X-ray or other esidence of nib or other bony destruction

3 Esophageal constriction or displacement by tumor masses, often accompanied by
dvsphags

4 Chinteal and radiographic signs of pleural effusion, often bloody, and contmmng
tumor cells (operable only on the rarest occasion)

5 Radiographic or elimeal signs of supenor vena caval involvement

6 Sizns of infiltration of the chest wall, brachml plevus, or of sympathetic cham ac-
companying apreal suleus tumor

7 Radiographie signs of defimte hilar lvmphadenopathy, sepsrate from the prmary
Pulmonary eancer.

8 Radiographic or clmcal eizna of bilateral mediastinal lymph node entargement ac-
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companyimng a known lung cancer. (Paralysis of the phremic nerve does not necessanly
mdieate moperability 1f the lesion 15 otherwise operable, hikewise hemidiaphragmatie pa-
ralysis does not necessanly ndieate mabgnant mvasion of the nerve)

9 Bronchoscopic findings of marked widenng of the carina at the tracheal bifurcation,
with wflexibility of the lower trachea and man bronchs or defimite bronchial fixation, are
generally due to mediastinal metastases

10. Bronchoscopic evidence of mvasion of the trachea

In evaluating the possible significance of any one of these findings, the
chmeal picture as a whole must be taken into consideration before one de-
cides that the lesion js definitely inoperable In borderlme cases, scalene
node biopsy and excision of some upper mediastinal connective or lym-
phatic tissue through a cervical incision may be recommended. If positive
the patient 1s inoperable.

DistanT METASTASES

The presence of distant metastases from lung cancer contraindicates
surgery m all but the rare mstance when sigmificant palliation may be
secured surgieally The more common distant metastases and the indtrect
evidence that points to their existence are here enumerated. (When pos-
sible, biopsy of such lesions is desirable )

Distant metastases that indicate wmoperabihity are:

1 Palpable fim and large Iymph nodes m the cervical region or just behnd the
clavicle (the softer nodes are less hikely to contam metastatic neoplasm, especally those
felt n the axillary regron),

2 A nodular or grossly enlarged hiver

3 Bram metastasss, often evidenced by a recent localized and persistent headrche,

. R Fdnars e s wpn Na malama gXAMINA-
N . . .t 1 I, clectro-

PR BT S
. . 1
4 Bone metastasis anywhere, but more commonly involving 2 vertebral pody, nl;,
skull or pelvis accompanied by history of localized and recurrent pamn of recent onset an
often with radiographic changes )
5 Supmrenalametastasu with occult or full-blown mamfestation of adrenal deficiency.
GEvERAL CoNDITION OF PATIENT

It 1s furthermore the particular responsibility of the general practitioner
and chest intermist to appreciate the operative rislf when a qllest}on cf“sts
regarding the patwent’s general condition The possxb]e benefit dcrlvefl 1{0:;1
surgery must naturally be considered 1n relation to the hazards mvolve (
The operative risk is often dependent to a gre.ut extent on the .pre}senct:eZ.
a complieating disease such as serious heart disease, especially in t :e' pnb—
ence of heart failure (unless a good response to medial therapy is ob-
tamed) A history of electroeardiographie evidence of qld coronary ocel ;
sion 15 not 1n 1tself a contramdieation Critical evaluation must be made

i i iaf systemic
of complicatmg emphysema, severe chronic nephnitis or essential systel
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disorders such as cirrhosis of the liver, diabetes and marked nutritional
disturbances, Because of the frequency of pulmonary empliysema in many
patients with lung cancer, evaluation of pulmonary reserve 1s one of the
common difficult problems deerding operative risk,

CoMPREHENSIVE MANAGEMENT

A comprehensive plan of management for the woperable patient should
not only define his present needs, but anticipate all future ones Aceord-
ingly, all modalittes of treatment must recerve due consideration Specifie
measures for the moperable patient include palliative surgery, wradntion
and chemotherapeutic measures Supportive care must be planned to re-
lieve symptoms, improve respiratory function, prolong the period of ae-
tivity and mamtam morale, thus providing maxunum comfort at all tunes
The mdications and the manner of treatment for reaching this goal of
maumum palliation with radiotherapy, with radioisotopes (particularly
tadioactive colloidal gold, Au'®®), with chemotherapy (polyfunctional al-
kylatmg agents such as mtrogen mustard (HN2) or triethylene melammne
(TEM) intravenously, leukeran, TEM or miyleran orally} and with palli-
ative surgery are discussed 1 detail m other chapters

4 few v ords here regardmg these measures are m order

Radwtherapy often renders some degree of palhation to most patients
with moperable Jung eancer. Obstructed bronchs with infection and atalee-
tasis can thereby be opened up Harassing symptoms such as excessive ir-
ntating cough, and expectoration, with dyspnea and fever are not mfre-
quently alleviated

Interstitial radration therapy through radon seeds implanted at operation
into the tumor bed when the cancer 1s found to be nonrescetable 15 often
carmed out, In addition empty gold radon-seed capsules can be placed
around the periphery of the tumor bed, to be used later as markers for the
tadiotherapist

The uses of nitrogen mustard (HN2) are mdieated 1 the table (page
32) Tts given Intravenously in dosage of 04 mg per Kg body weight
(251030 mg total dose 1n the average adult), to be followed by accurate
studies of the blood cells and platelets which may become seserely de-
rreised This compoundd snay be repeated withim six to eight weeks 1of nec-

ssary
In an ambulatory patient with far advanced discase, oral Triethylene
tlamine (TEM) therapy may be given a tnal Favorable effect here 15
S predictable 4 dosage of no more than 30 to 40 g 1n ene month
ould be gven, and here also the white blood cells and platelets must be
Studied carefully and often If TEM 1s employed mtravenously, 1ts dose
5032 mg, per Kg body wetght. The nausca and vomuting produced by
any form of rapidly acting mustard therapy and oceurrng within one-half

M
Te
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to two hours following mjection can be most upsetting. This reaction may
be dimimshed or even controlled by giving Thorazine 0.025 Gm. mtra-
muscularly shortly after mjection and repeated in two hours if vomiting
18 severe. Sodium amytal 0250 Gm. or 0.120 Gm. sodium phenobarbital
mtramuscularly may be given on the same schedule for further control

SurporTive MEASURES

In mamtaining patient morale, adequate psychotherapy is of prime im-
portance among supportive measures for the pattent with inoperable can-
cer. There 1s need for encouragement and stimulation by all psychologic
means. We have found that frequent careful questioning and thorough
physical examinations are essential, so that medication can be given
promply for each new complaint. The beneficial as well as undeswable ef-
fects of drugs should be discussed openly to acquaint the patient with the
underlymng reasons for their use One should not hesitate to change the
drugs or their dosage frequently, and to enlst the help of the patient m
evaluating each new regimen. We must remeimber that there will always
be specific complaints and usually specific causes for them. These are not
only a challenge to our therapeutie skill, but present many stimulating
diagnestie problems resulting from the extenston of the disease. Without
an open and searching approach we can expect little effect from the medica-
tions we employ.

For advancing neoplastic disease with progressive malnutrition, high
caloric intake should be mimed at, although its admmustration presents
many difficulties. Oral administration of fat emulsions combined with glu-
cose are seldom effectual. The use of vitamin supplements may prove help-
ful and are apparently more effective 1f given well diluted intravenously.
The development of secondary anemia should be anticipated and treated
with transfusions 1f necessary. We have found wron, Iiver and By. of .lu'tle
value Intercstingly, if the palliative measures have a tumor-restraining
effect, improvement n the blood picture can occur without th.e ad of mar-
row supporting agents. Ipromazid (Marsilid) m dosage of 50 mg. twice
daily has been effective m improving appetite as well as often elevating
the morale. Durning 1ts use watch for impaired liver funcn’on

Patients with lung cancer, unlike those with gastrointestmal cance
rarely present problems in fluid and electrolyte imbalance. The adml]“{;s-
tration of intravenous glucose and protein hydrolysate solutxons.shoufl; tz
given sparingly. Adrenal sterowds can be used for the no.nspecxﬁc e:cne
they induce such as improved appetite and general well-being If fom{"ml
is given we suggest giving it i divided dosages, as follows* 200 'mgo.r(:n
daily dose for two days, 100 mg. for two days, 50 mg. for two da}[S. M)lnc‘l;l
for two or more days, Nausea may be a distressing symptom, for

cer,
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alo a short pertod of cortisone therapy 1s helpful Newer forms of corti-
costeroids are today generally employed m place of cortisone, such as
methyl predmsolone (AMedrol}, triameimnojone (Anstoeort, Kenacort), and
dexamethasone (Decadron), These have mdications and effeets stmilar to
cortrsone except that some untoward effects have been dimmished Sodium
and water retention and potassium depletion offer a less serious problem,
with these newer varieties Occastonally the adminstration of testosterone
1 dosage of 100 mg. intramuscularly three times weekly results m sur-
prising ymprovement 1 well-being, When combined with ealetum and a
Iigh protein intake, androgen therapy may serve to mitrgate the cataholie
snd osteoporotic effects of prolonged steroid therapy

The use of prochlorperazine, 2 phenothizzine dernvative (Compazine)
n 5 mg doscs four tunes daily, for a limited period, can control nansea
and vomiting and allay anxety; 1t has morcover proved helpful m aug-
menting the sedative effect of barbiturates, due to a side action ot somno-
lence frequently oceurring with its use To avert a severe reaction of such
nature, dosage should not exceed 15 mg. per dose Derwvatives ot raunolfia
serpentina ean also be given two to three times a day m an effort to control
anxety

A word of caution about overtreatment js m order Contmued and vig-
oraus use of parenteral solutions should be avoided as we have found this
of ittle value, Attempting to correct hypoprotemenua by protem infucions
s chiefly wasteful and evpensive. We usually do not adiocate neurosur-
gery for the eontrol of pam

MEasures For ALLEVIATION OF PuLsonamy CoMPLAINTS

Too often the patient with inoperable cancer 1s treated rather haphaz-
ardly Constant attention 1s required m the taking of careful histories and
the earrymg out of frequent physical exanunations if these patrents are
to recelve maximum benefit of treatment

Cough is often g disturbing and difficult symptom to control Treatment
of thig symptom will depend in part on the type of cough. The patient
with an smitating hacking cough that tends to be paroxysmal can be given
codeme (¥4 to s gram every four hours) or dihydrocodemone bitartrate
mycodan) in doses of 5 to 10 mp three tines a day 1f required, but 1f the
cough 15 productive of much purulent sputum, the patient should be in-
stracted i postyra] dramage (aside from recerving antinotics) Where the
€ough of itself 15 productive of much mucoid or mucopurulent sputum,
:’\Plﬂtels and their derrvatives should be used spartngly, since failure to raise

e : telectasss and pneumonttis Both types

of steam vapor and both may receive
onchodilators, admunistered orally, par-
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enterally, by fine nust aerosol or per rectuin, The newer nou-narcotic an-
titussives such as narcotine (Noscapme) and dextromorphan hydrobro-
mude, (Romular Expectorant, 15 mg per teaspoonful), or non-nareotic
carbetapentane (Toelase 25 mg.) have at times proved helpful, If opates
are indicated we suggest the use of a newer narcotie, L-dromoran, 2 mg.
every four hours in preference to morphine, Pantopon, Dilaudid or Demerol,
We suggest this because we have found it to have fewer side effects. The
use of opiates should not be withheld 1f needed but should be given with
some realization of therr harmful effect on the cough reflex. Both cough
and dyspnea may be controlled in part by proper positioning of the patient
Some appear to benefit from elevating the head of the bed 10 to 18 inches,
but others are more comfortable when prone. Patients who have medi-
astinal involvement usually prefer to sleep with the head of the bed ele-
vated, We have not been mmpressed with the use of 10dides, ammonium
chloride and other expectorants in this disease Atropme and antihistamine
drugs may so dry the bronchial secretions that the patient is unable to
expectorate, and therefore they should be given with caution, if at all, In-
halation of volatile oils {menthol, thymol, o1l of eucalyptus) aceasionally
helps to make coughing easier by Increasing bronchial secretions. Spells of
strenuous exhausting coughing are often prevented by mhalation of a mix-
ture of 5 per cent carbon dioxide and 95 per cent oxygen obtained from a
tank to which 1s attached a reducing valve and flow meter. A “BLB” or
“OEM” mask can be used to deltver the gas mixture The meter is set to
flow at 5 L./minute and about 20 mimnute inhalations should be given three
times or more daily as needed, If much infection accompanies the cough,
the gas mixture can be used as a vehicle for the inhalation of acrosol solu-
tions of antibioties. The latter should preferably be used after satisfactory
cleansing of the bronch: followmg carbon dioxide-oxygen inhalations.
Hemorrhage 1s rarely profuse m bronchogenic cancer and then only
when the tumor becomes necrotic Frank hemoptyses contraindieate the
use of morphine because of cough suppression with retentton of blood clots.
Codeme or Hycodan are therefore used nstead, Rarely are these hemor-
rhages severe enough to be alarmmg On oceasion, reentgen therapy 'h:\s
effectively stopped bleeding if the bleeding area can be defined. Cauteriza-
tion of the bleeditg poiut has been rarely attempted by us, and then un-
successfully. .
Bronchospasm 1s a common condition 1n patients with inoperable ]'uilg
cancer requirmng medieal therapy. The presence of “hgczmg and mglxt
cough should suggest the presence of bronchospasm This ean be rcadél}'
confirmed by ausculation of the lung. Frequently, 'wheezmg is afxd;.kc
through a stethoscope long before the patient experiences asthmatxc-ll ¢
episodes. The vigorous institution of bronchodnator therapy may ‘;f’“
make all the difference between a muserable and a relatively comfortable
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patient, When evidence of bronchospasin appears, a tral of 25 to 50 mg.
ephedrine sulfate with an equal amount of phenobarbital after meals and
at bedtime is indicated Occasionally, this results m sigmficant wnprove-
ment m wheezmg as well as m ventilation Not infrequently, however,
ammophylitne suppositories 05 Gm every 8 to 12 hours also are an aid
(these should be covered with nupercaine omtment before msertion) 1If
the patient still has episodes of relative discomfort, he should be nstructed
in the use of an acrosol apparatus, taking 0 5 cc of a 1 per cent Vaponephrm
solution as often as needed, to control acute episodes of bronchospasi
The intramuseular mjection of 1 ec of an 0.2 per cent solution of epi-
nephrine in o1l every 12 hours may result i considerable benefit Occa-
sionally, if bronchospasm persists, the admmmstration of 50 mg cortisone
four times a day has proved benefieial However usually one of the newer
steroxds such as prednisone, methylprednisolone, dexamethasone, and tri-
amcinolone, with the fewer and less severe undestrable effects 15 used m
place of cortisone A tmal of 1sopropyl norepmephrine (Isoproterenol)
best admimstered by aerosol mhalation 1n doses of 01 to 05 cc of the
1200 dilution, may ward off acute episodes of dyspnea For severe symp-
toms of obstruction with hacking cough, wheezing and difficult raismg of
sputum, bronchoscopic aspiration and occasionally fulguration have been
helpful

Bronchwal Obstruction and Infection Patients with moperable lung
cancer almost alnays have bronchial obstruction of greater or lesser degree
and are particularly susceptible to nfectron with bronehitis or recurrent
attacks of pneumonitis The elimeal aspeets of bronchial obstruction are
discussed 1n the chapter on medical aspects As a preventi e measure for
those with much sputum, the technie of postural dramage should be taught
and carried out several tines daily, if a tral period proves effective In this
way, the tracheobronchial tree w1ll be kept as free as possible of secretions
and atelectass can often be prevented. Signs of pulmonary mfection n-
cluding fever, chills, sweats and change in cough, should recene prompt
attgnhon At the first sign of pulmonary mfection antibiotic therapy should
be instituted. This should consist. at a nummum. of the admmnstration of
Procaine 1, 600,000 U. mt larly daily (if the patient s not
allergic) together with dihydrostreptomyemn 05 G twice daily, otherwise
oue of the broad spectrum antibioties should be used m the common daily
dosages At times, retention of sceretions behind obstruction may cause a
distressing preture of toxemia together with such harassing pulmonary
complaints that a palliative surgical resection may be considered for the
patient’s comfort,

Tbe development of pleural effusion often leads to mncreasing dyspnea
Aspiration of such cffusions for reltef of respiratory distress 13 ndicated
and may often be beneficial, but rapd 1 lation may suggest other
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TarLE 1—Palliative Measures 1n Inoperable Bronchogenic Carcinoma

Pathologic Clinical
Physiology Symploms Radiotherapy Surgical Therapy Medical Therapy
Bronchul prohfer- | Cough Palliatuy x ray therapy—] Bronchoscopue drain | Nitroy tard (HN;
fon and ob: Dyspoen w0 ‘e fulauration e sy T (N0
Bheenmg . ral “aliylatiog egent Tri.

Sibylens melamine (TEN)
- . 1 V.TEM 012 mg per K

Pulmonary nfec- | Ferer
tion Challs

Cough
Expectoration
Milaise

Toxemia [

erosis
Localimvamon | Pain Rodution therapy | w5728 sr e v
Pathiologie  {rac- | Pain Roentgen thers, PR f .
ture Disability > .
Advaneingneoplas | Malautnition Radiation therspy 3000
tie disease eakness T to multiple areas
Anxiety High ealonie diet
Tnsomma 21V ‘Rlicose amigen
Anorexn utamin supplements
estoaterone,
ricosterou
Tranalusions

Hypoadrenahsm | Asthema.

Cortmone
due to metastaes| Soduum chlorida

Bran myasion Hemiplegw,ete | Conventional roentgen Nitrogen mustard
therapy
Marks gnd
High energy x ray ther-
Hemeptysis Anemia Roentgen therapy Emergency resec- [ 1V mitrogen mustard, medi-
Weakness 2 Cauteruzation tion, 1f fulminating| _ cal measur
Pleura) effusion | Dyspnea centgen therapy Pleural resection | Thorscentens mtrapleurs) ot
Duabdny Iniraplevnal radioactave r0Een muntard, Au
colloidal gold (™) Coll phosphorus 31

Phosphorua 37
Supeniorienacata | Severe eyanoss | Radution therapy

1V nitrogen mustard
compression syn | Dyapnea Oxsgen

e
Dehydration with
Mereuhydrn.

Gronme Othopaes,
wwelhng " _of ercub
headand peck Ammonium chlonds

Complete disa

i

Radustion awkness | Lossof appetite,
1 rdoxine

[t Replace clectrlyten and water

Cortscosterouda
Dramamins
e
%

Radiation pneu-

Nitrogen mustard | Nausea Sedstion
sicknesa Vomiting Gortuo
Chlorpromazine

e The mcgsnres cited as questionable bave not praved useful 1o our haods, although they hate been meationed as ef-
fective by other norkers

forms of treatment. Furthermore after repeated tapping, the flud tends
to become loculated and the amount that can be aspirated may be msuffi-
clent to be of benefit In these cases, the mstlllntmr} of mtrogen mustnrd mn
dosage of 0.4 mg. per Kg. body weight or radioactive %01% (:%u. ).m gluts-
age 75 to 100 millicuries or racioactive phosphorus (P*) 5 millicuries into
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the pleural cavity 1s carried out. Palhiative results with lengthened inter
vals betneen chest-tappmg are achieved in about 50 per cent of patient
by use of this intracavitary treatment If mtrogen mustard 1s employed
the flurd is first aspirated, followed by a rapid instillation of the dissolver
mustard eompound, The patient 1s then rolled for g few mwutes from sid
to side It 15 preferable that the patient omit the meal before mjection
Also one hour before chemotherapy, he is to receive %4 gramn Seconal fol
lowed in one-half hour by 25 mg of chlorpromazine The chlorpromazine hac
best be repeated 3 tunes daily (if required) for one or two days depending o1
the amount of nausea and vomiting Blood cell studies should be made :
few days after injection. If necessary mtrapleural mjection may be re
peated 1n one month

Respiratory function can be mproved i the dyspnerc patient with lung
cancer by the use of oxygen. This can conventently be gren over a lony
period of time through a nasal catheter By this means, the content of oxy
gen in the respired aiv can be mercased by as tuch as 15 per cent Sore
times, the adinmistration of oxygen by Boothby mask for 20 to 40 minute:
every two to three hours will add considerable comfort However, s ust
without supervision is not without danger (In the emphysematous patien
whose respiratory center has lost 1ts sensitivity to pH changes of the bloot
and who now responds only to oxygen lack, the admmstration of osyger
Temoves the mam stimulus to breathing (anoxenua) still drviug the re
spiratory center, and further oxygenation of the blood may result mn re.
spiratory acidosis).

Severe chest pan mn the pattent with eancer of the lung should first bt
treated with x-ray therapy and-or nitrogen mustard The pam may ofter
be due to rib metastasts. and small doses of A-ray therapy over the m.
volved ribs frequently gives satisfactory relief Other types of chest pamw
usually respond to the ad ration of ] of opates, with;
or without salicylates 1f the pamy 1s so scvere that it 15 unrelieved by
moderate amounts of narcotics, search should be made for evidence of m.
ﬁh‘mmc msolvement of nerve roots such as the brachil plexus 1f such
exists, 1t 15 usually less responsive to X-ray therapy Pleuritic pam 1 fre.
quently of brief duration, usually disappearmg when pleural fiod deselops

Ve have rarely found that the use of ethy] chloride spray. local procaine
myeetion, intravenous procaine or intravenous alcohol, 15 mebheated m these
Patients 1f one makes g careful search for the true cause of the pan We
have been disappointed in the use of neurosurgieal procedures for the rehef
of pain., It is often surpnsing how httle opate a patient requres when the
ongm of his pain is defined and specifically treated

Lung eancer 15 prone to metastasize to bone, bran and liwer The paw
from bany metastases anywhere 1n the body ean be controlled by the mtel-
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hgent use of x-ray therapy We have also been inpressed by the remark-
able palliation at tmes of brain metastases from lung cancer when such
patients are given x-ray therapy to the entire hrain (tumor dose of 3000
roentgens) These as well as liver inetastases have been oceasionally re-
ported to respond to mtravenons mtrogen mustard and/or x-ray With
bramn metaseases best results have been obtamned with doses of 25 to 50
roentgens, mcreasing by the same amount daily five days per week up to
the 3000 roentgens mudplane dose delivered by a standard deep therapy
machme

Metastases to the mediastinal nodes involving the esophagus or the
recurrent laryngeal nerve with therw resultant symptoms of dysphagia,
hoarseness, pam ete can at times be favorably influenced by the use of
mitrogen mustard and/or radiation therapy.

One of the most distressing syndromes 1s that of superior vena cava ob-
struction. The clineal picture as well as its treatment with nitrogen mustard
and ‘or x-ray has been taken up mn greater detail in respective chapters
Nutrogen mustard (HN2) has a special place m the therapy of supertor
vena caval syndrome due to lung cancer, particularly when followed up
by radiation therapy The oat-cell types are especially responsive to HN2
therapy. In addition, this syndrome can often he helped by the vigorous
employment of diuretic measures If such patients are given 2 cc. of mer-
cubydrin mtramuseularly on two successive days, many of their complaints
are amelorated This can be repeated every week or two provided that
the level of the blood chlorides 1s not decreased too much. If a.dequatc elee-
trolyte control 1s avalable, chlorothiazide, hydrochlorothiazide, ?cctazol-
amide or ammonium chloride may augment the diuresis or substitute for
Mercuhydrm, 5 5

When evidence of adrenal metastases exists, administration of cortisone
may result i dramatic nnprovement

Attention to the care of the patient with mnoperable lung cancer as oult:
hned above yields satisfymg rewards Although Lfe 1s :\ot.slgﬂlﬁw";f
prolonged, the patient can be made more comfortable l\.oc I."{mquemf{
he 1s able to return to work for long periods nnd' can maintain a hur’e”“'
1f not entirely cheerful outlook with regard to his health status. Idca} Ly,
le should be workimng part or even full time as long as feasible. This has

and can frequently be achieved by meticulous attention to all his com-
ontrast will then be seen to exist between the patient so

plamnts A great c he paten =

handled and one who, through his physician’s indifferent,'{r s
careless attitude, has come to accept the hopelessness of his disease

PSYCHOLOGIC PROBLEMS
Some final words should be added here regarding the psychologic han-

dling of ones reaction to the exwsting cancer. This should take mto considera-
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tion not only the adjustment or adaptation of the patient but also that of
the family, The problem regularly arises as to whether one should be frank
mnforming the patient of the diagnosis (telling this to 2 responsible mem-
ber of the family does not present such a problem). How the patient has
handled other life erises is eertainly not an mfallible guide as to how he
will handle the erisis of a threat to his life. Few patients wish to know that
they are going to die, yet the steady deterioration of their physieal status
akes it necessary for thein to handle the evidence of their own mortahty
Hon this is done 1s a highly mdevidual matter
The group that 1s perhaps the easiest to manage are those who blandly
deny the existence of scrious 1liness at all and frequently show a chuldlihe
uneritieal faith in the phystetan .\ variant of the denying group and far
more uncomfortable to handle are those whose demal of the threat 1s less
secessful and whose excesstve demands for attention and rehef of symp-
toms are 1n reahty frantic attempts to bolster the demal
The emotonal response to the cancer and to cancer therapy such as
A-Tay, must be regarded as a sequence of mnterrelated reactions With emo-
tions apparent to events taking place at the time and to the patient’s
perception of these events, what looks like a reabstie seeking of medical
atfentton may in fact be pameky flight for help of one who feels hiself
overshelmingly threatened. This type of patient may well decerve the
doctor 1nto believing that he 1s dealing with a well balaneed person when
1 fact he is dealing with someone on the verge of disorganization How to
{mndle these varying emotional responses becomes mdeed a difficult prob-
e
The physiczan cannot remam cold and distant but must be scen as a
warm and supportive figure whom the patient can trust and with whom he
@n talk over his preoccupations and rununations without fear of rejec-
ton The physician should not allow his own gult for bemg unable to do
more than give palliatiou, tempt lum to avord or abandon the patient
Aodance or abandonment will be interpreted as evidence of hopelessness
Moreover, the physician should not neglect the fannly, for 1t 1s often with
them that the emotional problems may be most severe and not anfrequently
ecome manifest to the patient
Should the doctor tell the patient he has cancer? Certamly this ques-
fion cannot be answered categorically. Probably most patients can with~
itand the knowledge that they have cancer without total disntegration
but it 13 ney er a pleasant experience and scrious psychiatric difficulties }3:1.\'0
en precimtated by it. Moreover, doctors differ greatly their nl‘nlmcs.
10 handle anxreties as well as ta practice the “art of medicme " The “ho
of telling i often as important as what 1s told, and the relationship e
g betw een physteian and patient often eases the way. One need not fully
1t 10 the Patient nor wholly tell the truth. Tn short, the problem of what

e
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to tell the patient and how the patient uses this information can never be
predicted in advance by formnla It becomes a matter of the most ex-
quisite clinteal judgement of the physician as to how, when and how much
information is to be 1mparted to a patient Fmally any physician who un-
dertakes the care of a cancer patient must realize that he has assumed an
onerous personal burden and that treatment of the physical 15 only too
intimately bound up with that of the psychologic.

Orrer INoPERaBLE Privary Crest Tunors

Lungs and Pleura

Other tumors of the lungs and pleura are very few i number The
commoner ones are sarcoma and difuse pleural mesothelioma Primary
sarcomas of the lung, although relatively rare, are the diffuse spindle-cell,
the pertbronchial and the large round-cell varieties The pleural meso-
thelwomas when diffuse are malignant The localized type of pleural tumor
does oceur on occasion and affords a more successful surgical management
Stout has shown that i all probability the localized pleural tumors that
have been reported as fibroma, fibrosarcoma, myxosarcoma, leunyosarcoms
and endothelial sarcoma are all variations of the solitary pleural mesothe-
homa. The diffuse mahgnant form often simulates a pleural effusion and
1s of sangumous nature. Radiation therapy 1s indieated, and affords pro-
longed palhation m some cases

Medastinal Tumors

Primary neuroblastoma commonly has 1ts site of origm in the posterior
mediastinum Its pulmonary metastases almost mvariably occur late aft.er
bone metastases are present, It often metastasizes to lymph nodes, skin
and liver Total extirpation 1s all too often 1mpossible Unfortunately when
most cases are seen, the tumor 18 no Jonger locahzed. Treatment meludes
1omzing racdiation and chemotherapy The primary tumor should always
be 1rradiated even when widespread metastases are present. Most all of
these are radio-sensitive responding to a tumor dose of 2000 to 3000 r
given over two to three weeks X-ray therapy is always considered to be
worthwhile and even Iiver metastases may be treated successfully .

The nitrogen mustards and anti-folie compounds also evert beneficial
effect upon neuroblastoma The mustard effect 15 brief, for only about six
weeks Its use should be mnmedtely followed by x-ray therapy. Then
treatment 1s started with Amethopterin (Methotrexate) begnning with
a dose of 2.5 mg daily. given orally for several weeks This trean?ent
should be discontinued for two weeks between courses of the drug When
recurrence takes place various agents can be tried such as TEM, curt:fu’:
steroids (such as predmisone and prednisolone). ACTH and perhaps evel
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Coley’s toxins. Oceasionally one of these agents may produce a remission.
Vitamin B-12 therapy m dosage of 1 mg. mtramuscularly every other
day has been given to children for as long as two years and has shown
tumor regression.

Inoperable tumors of the anterior mediastinum include teratomas, and
some tumors of the esophagus heart and pertearduun. In the middle and
posterior mediastinum, the charactenistically moperable ones are metastatic

) and mal Iympl namely Hodgkin's disease, lympho-
sarcoma and reticulum-cell sarcoma as well as the leukenuas and plasma.
cell myelomas. Not infrequently in these diseases, the only ns at first
detectable are those of the pulmonary and mediastinal structures, The
treatment of these conditions 1s taken up in Chapters 12 and 13.

Esophagus

Cancer of the esophagus 1s typically epidermord, rather malignant and
radrosensitive  Radation sterilization of the moperable case without me-
diastinitis or severe stenosis from breakdown of the esophageal wall 15 no
longer a rarty Palliation 1s usually reasonably successful, especially for
the fungating and ulcerating tumors, even with medmm veltage \-ray
therapy. Too high daly and total dosages are best avouled to prevent
complications such as perforation and hemorrhage The palhative effect
from x-ray treatment 1s very helpful though temporary Rotation \-ray
therapy 1s preferable, Radioisotopes are also avarlable for palliatnve treat-
ment, Radioactive indium is preferable and less costly than small sources
of radium, radon, cobalt 60 and gold 198 It 1s obtamable as separate small
sources, loaded mto nylon tubing and supplied m a stanless steel encloved
lead contamer §8” high, 8” diameter weighmg 29 pounds, whieh aceom-
modates 28 nylon tubes Each nylon tube 1s loaded with 12 seeds <paced
1em apart An unloaded tube with a control wire ean be placed m the
esophagus, then the wire removed and replaced with n small nylon tube
loaded with mdium 192 sources Handling 15 <unpler and <afer than with
radon or radium, Nylon iridiem 192 unplants may be left m place for one
or more weeks (Pack and Ariel)

Heart and Percardwm

Inoperable tumors of the heart and pericardium consist of thabdomy-
oma, rhabdomyosarcoma, lipoma and myxoma These are essentintly rare
tumors and no treatment has prosed of sygmfieant value for palliation
Chest Wall, Ribs and Daphragm

These structures rarely are the site of primary moperuble tumors Thea
are usually sarcomas and can arice 10 any of the tsstes whieh constitnte
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these structures These are usually radiation resistant. No chemotherapeutie
agents have shown to be effective (see Chapters 15 and 16).

REFLRENCE

1 Pack, GEORGE, AND ARIEL, IRVING M Treatment of Cancer and Allied Diseases N, Y.
Hocber & Co, Pubhshers, 1958



CHAPTER 22

Management of Metastatic Tumors in the
Lungs

By GEORGE C. ESCHER, MD, axp EDGAR MAYER, MD

MaNY TUMORS FREQUENTLY METASTASIZE to the lungs, pleura and medias-
tinum In the past, treatment modalities nere few m number and of ex-
tremely hnuted palliative efficacy

During the past two decades a steacily and rapudly expanding mterest
has developed mn the management of moperable tumors Many disciphines
have been enlisted for ard in the development of therapeutiec modalities
and an expanding hist of agents and technics has become avatlable 1t should
be realized that none of the modalities to be discussed offer imore than pal-
hation There is nothing currently avanable which can bring about a cure
of metastatic mahgnancy Most of the agents currently avarlable for pal-
hation alco have undestrable effects, some disturbing to the patient, others
potentially dangerous

Not only do different mal vary bly i therr rate of
growth but an individual tumor 1 one person will demonstrate periods of
apparent quiescence alternating with periods of distinet growth Smee none
of the agents available afford more than palliation and as stated above can
alo have tovie effects 1t 15 therefore, unportant to demonstrate distmet
evidence of anatomte progresston or the compellimg symptomatology be-
fore mstituting any of the measures to be discussed below 1In suspeeted
climeal recurrent metastatic disease one shoulk! attempt to establish the
digmosis histologieally, rather than smaply labellng the patient as re-
current on the basis of previous Justory of a malignaney and now the
development of vaguely suspreious changes Histologieal exammation of
pleural effus:on, cytologie ex; 1on of sputum, r am and 1f
the dmznosxs 15 seriously 1n doubt, actual exploration are helpful i es-

1 Sy tology consisting of weght loss, mereased

fanxuabllny malaise, weakness, dyspnea. cough, chest pam and anorexia
s wsually of hittle help smee these symptoms are simply tndreative of
some form of esther general 1llness or pulmonary tllness

RoexTGEN THERSPY

Radation therapy has been reported on numerous occasions to mduce
Tegression of pulmonary parenchymal metastases from various prumary

349
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sites. Unfortunately, the postradiation incidence of pneumonitis and fibro-
s1s can be frequent and severe, so that unless radiation therapy has been
confined to but a small portion of the lung volume the eventual respiratory
embarrassment from radiation damage can be more severe and more rapidly
lethal than the original metastatic disease. We, therefore, tend to limit such
radiation therapy to an isolated segment of recurrent disease. A tumor
dose of 3,000 to 5,000 roentgens 15 recommended

The problem of mediastinal involvement, however, with its attendant
severe respiratory distress and resultant limitation of activity can be re-
heved n a high pereentage of cases with the judicious use of super voltage
radiation therapy Ionizing rachation can cause edema, particularly at the
onset of treatment If the superior mediastinum is imtially exposed to the
standard danly dose, the already compromised airway ean become occluded.
In general, we suggest that rachation therapy be started with a small dose,
preferably 50 roentgens mncreasmg by nerements of 25 roentgens at first
and eventually 50 roentgens. A depth dose of between 3,000 and 5,000
roentgens is usually the goal depending on the radiation sensitivity of the
tumor This does not cause much difficulty in the way of radiation pneu-
monitis and fibrosis. If the tumor 18 responsive, the patient can have 2
period of significant improvement n respiratory funetion.

Occasionally, pleural effusions have been treated with external irradia-
tion through large ports Because of the respiratory impairment resulting
from the eventual pulmonary fibrosts, this has i gencral fallen mto dis-
card especially since the demonstrated efficacy of ntracavitary use of
chemotherapeutic agents and of radioactive isotopes.

ExpocrINE THERAPY

Carcinoma of the Breast

Smee pulmonary and pleural metastases are quite common Ain this type
of tumor. considerable experience has developed in the endocrine manage-
ment of this disease A patient demonstrating such metastasis who is still
menstruating or 1s less than one year postmenopausal should be castrated.
Various reports mdicate that objective iumprovement occurs 1m 40 to 50 per
cent of patients castrated Surgieal castration is recommended in preference
to roentgen castration, because 1ts effect starts on the day of the rc.moval
of the ovaries When one removes the ovarses and the ad;nce‘mt portions of
the broad higament, a relatively complete removal of ovarian tissue and
therefore of ovarian function is accomplished. ) .

There are instances where because of physical impairment patients will
not tolerate an oophorectomy or the patient, and her family may ref;xse
such procedure. Under these eircumstances one collldfonsuler and cmp} o}c'
roentgen castration to the benefit of the patient. Itis recon‘unendcfd tl;l,
at least 2,000 roentgens depth dose be delivered to the ovaries preferably
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over a treatment period of two wecks, It should be remembered that this
dose can cause some gastrointestinal disturbance, 1e, diarrhea, cramps,
distension, nausea or vomiting It should also be noted that, n general, six
weeks must elapse from the time of completion of saxd radiation therapy
for the maximum depression of endogenous ovarian estrogen production
to be accomphshed Therefore, one eannot look for response to such a treat-
ment modality for 2 minimum of eight weeks after the instrtution of sueh
treatment Another reason for recommending surgical versus roentgen cas-
tration is that no one has been able to determune accurately what consti-
tutes a totally suppressing dose of radiation therapy to the ovaries smce
the production of amenorrhea 1s in no way incontroversial evidence for
complete cessation of endogenous estrogen production Patients have had
objective improvement follow tng 600 to 1,200 roentgen depth dose radiation
to the ovaries When the disense eventually escaped from such control m a
limited number of patients, bilateral oophorectomy was performed produe-
ing a second pertod of objective mmprovement

In patients who are more than 1 year postinenopausal and less than 10
years postmenopausal and those who are no longer responsive to castra-
tion, the use of androgens should be considered The androgens hsted 1n table
1 have been found to be effectrve

Common experience indicates that pattents who have previously re-
sponded to castration stand a mueh better chanee of response to androgen
therapy than those who are castration falures In patients for whom addi-
tive hormone therapy 1s employed, the question of duration of therapy s
always raised It has been found, mn general, that 98 per cent of those pa-
tients who are gomg to respond wall have responded within three months
of the mstitution of therapy Thercfore, unless the patients show marked
evidence of progression or disturbance of function 1 any one of the vartous
body systems, 1e, salt and water retention, increasing respiratory distress,
ete, we prefer to continue such therapy for the mmmum period of three
months If a response does occur, pattents should be continued on therapy
nithout interruption until such time that there is evidence that the disease
l?no longer bemg restramned Androgen therapy should therefore be stopped
1

i Exacerbation of dieace occurs
= 0 Tegression occurs after three months of treatment

3 Regresaon 15 no longer maintamed

TawLE 1— Indragen Schedule
e Tamgl—tndragen Schedwle

Compound Dose Route
Testosterane Propsonate 100 mg 3 times per week Intramuscular
Stanglane 100 mg 3 times per neek Iotramuscular

Fluoxy mesterone

10 mg 3 times per das Oral
Methylestosterone

100 mg 2 timea per das Oral
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TarLe 2—Estrogen Schedule
Compound Dose Route
Diethylstilbestrol 5 mg 3 times per day p ¢ Oral
Ethim[ Estradiol Img 3 tumes perday p¢ Oral
Sodium Estrone Sulphate 10-15 mg 3 tumes per day p e Oral
Lstradiol Benzoate 5 mg 3 times per week Intramuseular

The patient would then be a candidate for another therapeutic regime This
should be an antagomst hormone for response categories 1 and 2 and sunply
cessation of therapy for response category 3. Following cessation of therapy
m category 3, regression can again occur so that further treatment with
another agent should be withheld until this response to cessation of therapy
has lapsed

In the older patient, more spectfically, i those patients more than 10
years postmenopausal, estrogen therapy is recommended. Sinee some of
the cffects of androgens are more disturbing to women than estrogens are,
androgens are usually mven parenterally to insure imaintainance of therapy
whereas estrogens are usually given orally. The problems of anorexia,
nausea and vonuting with oral estrogen are usually overcome if one can
manage the first two weeks of acute distress either by discussions with the
patient or with the added assistance of various antiemetics. In those cases
m which the gastromtestmal disturbance cannot be so relieved one can
consider mjectable estrogen. The following table lists some of the useful
members of this group of hormones

The duration of therapy and the cessation thereof is stmular to that dis-
cussed under androgens One can consider androgens after a period off

estrogen therapy Followimg a trial of androgens or estrogens or a trial of
N ‘2 con-

. note

that eastration failures do not respond to adrenalectomy and ratety 1espond
to hypophysectomy It has been reported that hepatic metastatis 1s a con-
tramdication to both endocrmne ablative procedures and that in nddrlwu?:x

éophorcctomy A mamtamance dose of glucocorticoid Must bt kL svp
larly and supplements given at times of stress. The hypophysectomy pa-
tients also require thyrond etract and posterior pitustary etract. Df’""f
the past few years the number of bilateral adrenalectomies has dimmnished
. ’ . ng.

while hypophysectomy has been increasing. e to cither oo

srticoids listed
wnr, Of the clinical

1m table 3. These can be very salutary in tien euect v
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TasLe 3—Glurocorticord Schedule

Compound Dose Raute
Cortisone 200 mg daily Oral
Hydrocortisone 160 mg daily Oral
Predmeone 40 mg duly Oral
Predmisolone 40 mg duly Oral
6-Methylprednisolone 32mg daly Oral
Triamcinolone 32 mg daily Oral
Dexamethasone 6 0mg duly Ord

signs and symptoms that accompany mvolvement of the pulmonary system
but their side effects can also be quite troublesome Some of the newer substi-
tuted compounds cause less difficulty with sodium retention and potassium
loss; nevertheless, these can still cause difficulty even with the latest of
the substituted agents The vartous manifestations of Cushingoxd syndrome
will stall occur; the moon facies, the striae buffalo hump, mental disturb-
ance, diabetes mellitus, peptic ulcer, uncomplicated or hemorrhaging or
perforating can oceur It should also be noted that these various compli-
cations may necessitate cessation of said glucocorticord therapy This can-
not be done abruptly m those eases who have had any extended period of
treatment In order to avord an Addisoman erisis a gradual tapermg off of
glucocorticord and the temporary admunstration of ACTH 1s often neces-
sary

The objective improvement rate with androgens 1s m the viemity of 20
per cent and the regression rate with estrogens 1s i the vienuty of 25 to 30
per cent Reports on the response to glucocorticoids have been so variable
that a reliable percentage figure 1s not currently available

ALKYLATING AGENTS

1f pleural effusions do not respond adequately to such systemie hotmone
therapy one should consider the mtracavitary use of the polyfunctional
alkylating agents. The one acting most rapidly and with w» bich there has
been the greatest amount of experience 1s methyl bis {B-chloroethyl) amme
(mtrogen mustard, HN2) The recommended dose 15 04 mg per Kg body
weight, prepared in a sahine solutton usually m a concentration of between
0310 1 mg per ce. of normal salme Following thoracentesis to dryness
the dissolved Mitrogen mustard 1s mjected mnto the pleural cavaty

If Wlateral pleural effusion needs such treatment it 1s suggested that
only mtrogen mustard 02 mg per Kg body weight be employed m each
Pleural space. We usually recommend placing the patient mn a horizontal
Position moving patient from side so side so that there can be adequate
distribution of the medieation This need not be done for more than a few
mmutes because the agent 15 fairly well fixed by body protemns quite rapudly
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TasuE A~Tsotopes for Effusions

sotope Intrapleural Dose Half ke Emussion
Gold—AUse 75-100 me 2 7 days Beta and gamma
Phosphorus—CrP#0, 5me 14 3 days Beta
Yttrium-—Ys® 10-30 me 2 5 days Beta

In general, there 1s hittle to no systemic reaction to mtrapleural mustard
Prochlarperazine, 10 mg or chlorpromazine hydrochloride 30 mg can be
given prophylactically.

The problem with superior vena caval syndrome as mentioned in Chapter
2235 quite distressing. It has been found that the polyfunctional alkylating
agents can be very helpful therapeutically; i general, since the problem is
usually quite acute, we have recourse to mtrogen mustard rather than some
of the slower acting bers of the polyfunctional group The dose recom-
mended vartes from 4 to 6 mg per Kg body weight given mtravenously.
Antiemetics and barbiturates given prior to the intravenous admimstration
of nitrogen mustard can help control the sometimes distressing vomiting.

IsoTorEs

If the polyfunctional alkylating agents do not afford adequate control
of the formation of effusion we usually recommend the use of one of the
radioactive 1sotopes. Three different radioactive isotopes have been nsed

These have produced a significant degree of control over pleural effusion.
Reports vary but 1n general the average range of response 1s between 40
and 50 per cent

SpEctric METASTASES

Carcinoma of the Prostate

Pleural and pulmonary metastases are less frequent 1 patients with car-
cinoma, of the prostate In general, 1t 1s agreed that regardless of age the
most effictent therapeutic measure 15 castration. Surgical castration is 50
simple m the male and the nisks and complieations so munimal that 1t 15
rare that anything but orchiectomy 1s done Estrogens have been found to
he of assistance. The following table lists the estrogens and their recom-
mended doses.

The question of the efficacy of estrogens m those w
sponsive to castratton has been ratsed and 1s current ;
renalectomy and hypophysectomy have been tried m moperable prostate
carcinoma with mdifferent results. Therefore relatively few have been done
within recent years Radtoactive 1sotopes and polyfunctional nlkylah'xtlf
agents are of some value in effusions sunilar to those found n women wl

breast eancer

ho are no Ionger re-
1y under study. Ad-
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Carcinoma of the Thyroid

Thyroid carcmoma frequently metastasizes to the lung Significant cetopie
uptake of I'* can establish the diagnosis of metastatic thyroid carcmoma
The rare exception 15 functional thyroxd tissue 1 the dermoid tumor Such
ectopic uptake in metastases, however, can only occur m the absence of
normal functional thyroid tissue

1! may be used to destroy metastatic foer Since the thyrod gland has
a greater affimty for I, 1t must first either be surgically removed or de-
stroyed by external raciation, 1 e., 4,800 roentgen tumor dose or by treatment
with 1'%, Folloning the destruction of the gland the patient 1s gnen TSH
(thyroid stimulating hormone) to merease the endocrme function of the
metastases and thereby mcrease I'®* uptake After a tracer dose of I'"
demonstrates enhanced uptake, a therapeutc dose thereof varying from 33
to 80 nnllicuries, dependimg on the total lung tumor mass, 15 given Hagher
dose I™¥* treatment 1n the presence of fairly bulky pulmonary metastases can
produce radiation pneumonttis and fibrosis with their subsequent very seri-
ous sequelae. Reports of objectin e regression around 30 per cent have been
published The histologic type usually responsive to such treatment 1s the
alveolar follicular caremoma 1'% 1s a beta and gamma enutter with a half-
hfe of eight days

Tovieity can be radiatton illness 24 hours after I'® adnumstration He-
matologic changes can approach pancytopenta Thyrowditis, gonadal dam-
age and hepatie dysfunction have been observed

Carcinoma of the Ovary

Metastases to the lung and pleura from serous and pseudomucinous
¢eystadenocareinomas of the ovary are usually late phenomena Chorio-
epithelioma metastasizes early and diffusely to the lung Endocrine therapy
has been disappointing in ovanan carcimoma Under conditions previously
deseribed raciation therapy ean be of some palhative value The alkylat-
ing agents have produced 10 to 20 per cent objective mmprovement in
several series of metastatic adenocaremomas of the ovary

1 TEM (triethylene melamme) orally 5 to 10 mg 00 muutcs before brehfast

for a total dose per course of from 20 to 40 mz
with muntenance thereafter dependent of the
hematologie status, 1e, platelets above 100,000,
WBC aboye 3,000

2 CB 1315 (chlorambucil) orlly 6 to 20 mg daily for a total course betneen
300 to 400 mg
TaBLE 5—Dosage Schedule )
Compound Dose Route
e Comvowed D Route
Diethy Istilbeatro) 5mg duly Ora)
Tthiny1 Fsteadiot 0 5mg duh Oral

P
#
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The folic acid antagomst, methotrexate, 1 a dose schedule of 2.5 mg
daly for four days at weekly intervals for about four to five courses when
the hematologte picture permutted, has produced dramatic and prolonged
objective regression in women with metastatic chorio-cpithelioma Some
have demonstrated no reappearance of metastatic foci two to two and one-
half years after the imtial course of treatment. Parenthetieally, choriocar-
cmnoma of the testis 1s unresponsive to methotrexate

Carcinoma of the Gastrowtestinal Tract

Carcinomas of the stomach and of the large mntestine can metastasize to
the lungs, pleura and mediastmum Radiation therapy has given short-
lived palltation withi ats lunited scope of usefulness m a tumor that not
mfrequently 1s radioresistant. The alkylating agents and most of the better
known antimetabolites have been disappointing as chemotherapy in ad-
vanced G 1. carcinomas However, preluninary studies with fluorinated
pyrimidines demonstrated enough signifieant and extended regresston to
warrant expanded tnals with this group of agents. It is possible that other
tumors of the gastromtestinal system, 1e., liver, pancreas, or gall bladder
may also be responsive

Carcinoma of the Kidney

Radiation therapy may oceasionally afford palliation for metastases to
the respiratory system from renal carcinoma. Wilin's tumor, which has a
high rate of pulmonary metastases, has demonstrated a significant rate of
regression to treatment with actmomyem D intravenously. The initial
course of therapy 1s 05 mg daily for five successive days Signs of tovieity
are anoreala, nausea and vomitmg with depression of the WBC and plate-
lets More recently actinomyemn KS 4 has demonstrated a similar effect.

Other tumors of the kidney have demonstrated no significant responsivity
to currently available chemotherapeutic agents.

Malgnant Melanoma

All of the various chemotherapeutic agents available within the .pnst
decade have beer tnied in malignant melapoma. There have been occ.asxonal
reports of a single response to an agent. Confirmation by other mvestigators

has usually been lacking.



CHAPTER 23

Systemic and Peripheral Manifestations of
Neoplasms

By DAVID M SPAIN, M D.

THE PRESENCE OF A NEOPLASM In the body may be related to or assocrated
with diverse systemic or perspheral manifestations that are usually not
durectly related to the local destructive effects of the tumor or to the effects
of metastases on the cclls of other organs In many mstances, the nature of
the relationship between the tumor and the systeme or peripheral mani-
festations remams obscure In others, 1t appears more clearly defined In
some cases the presence of such peripheral mamfestations may antedate
for varying periods the clineal detection or local symptoms of the primary
tumor 1tself, In still others these may appear as termmal events Detecton
and removal of the primary tumor sometimes reverses sonte of these sys-
temte syndromes Tumors must be considered more than just space-occupy -
ing and mechanieally mfiltrating masses Their comples enzyme systems,
products of their metabolism and immuno-allergic potemalities, undoubt-
edly play a dyname role n relation to the total body s phystognomy There
15 also 2 general group of host adaptations that are related to the presence
of a tumor These melude the vague condition related to wastng and mal-
nutrition commonly known as cacheuia, plasma protem changes altera-
tions 1 Iiver and adrenal function and anemia®

SystEMIC INFECTION

Infection as a complication of malignant neoplasm occurs basically
tno broad patterns One 1s the local mfeetion that develops secondary to
mechaniea] effects of the tumor In this sityation, the tumor protuces ob-
struction of various ducts and channel, compression with ulceration of
lIming surfaces or obliteration of blood supply to vital arcas These are con-
ditions whiely predispose towards the development of mfectton The other
broad eategory 1s the development of systemic mfection that 15 based on
some general alterations 1 the host’s resistance Thes latter situationt 1s
seen most characteristieally with neoplasms of lymphatie tissue, bone mar-
Tow or reticulo-endothelum system .\t present 1t 1s not uncomnon to
find variety of systemic fungus infections that have compheated Iympho-
sarcoma, Hodgkin's diseace and reticulum cell sarcoma Analysis of these
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same malignant conditions many years ago mndeated that systemie infee-
tions were perhaps just as prevalent but were caused by different. organisms.
Currently, the use of various antibiotics and chemotherapeutic agents has
altered both the internal bacterial flora, as well as the external contami-
nants, so that systemic mfections are now caused by a different group of
offenders. These include histoplasma, eryptocoecus and various atypieal
orgamsms. Tuberculous infection as a complication is seen less frequently
than in the past, but the use of steroids in some of these neoplasms has
activated and spread latent or dormant tuberculous foci. The basic dis-
tinction between the effects on the host's resistance to mfection in carci-
noma, as compared to the neoplasms that arise from the reticulo-endothelial
and lymphatic systems, 1s that the neoplasms of the latter group mvolve not
only those cells believed to be responsible for the production of antibodies.
but the scavenger and phagocytic cells as well. In some of these conditions,
abunormal globulins are manufactured, and there 1s also alteration mn usual
levels of serum gamma globulm. Likewise, some chemotherapy specifically
directed against these tumors 1s often destructive of marrow, lymphoid tis-
sue and reticulo-endothehal cells, It 1s believed therefore that these are the
basic mechamsms m this Jatter group of neoplasins that tend to favor the
development of systemic infections These mechanisms are not interfered
with 1 the presence of careinoma in which most of the infections are sec-
ondary to the local mechanical effects of the tumor. It 1s not uncommon
for some of these cases at post-mortem examination to contain only scant
restdual morphologic evidence of the original neoplastic process, but yet
reveal extensive evidence of a widespread infection

THROMBOTIC SYNDROMES

Oceasionally an unsuspected carcinoma is accompanied by multiple
venous thromboses, Infrequently, this thrombotie syndrome may present
stself with nonbacterial vegetations on the cardiac valves that result m
arterial and arteriolar emboli with visceral infarction. Sometime§, the onset
1s 1n the form of a migrating thrombophlebitis, This thrombosis may Fe-
gm while the patient is faily active and may even be the first sign of ¢ xsi
ease. This oceurrence cannot be considered merely as an agon’al or (enmm:i
event. In one group of 29 cases of migrating thrombophlebitis nsmme[t.[c]e
with earcinoma, the panereas was the primary site of tumor m LG ca\sas‘.‘ e
stomach and lungs were each the primary site four times Penp! e\':l\ hro
Doses have also been seen associated with tumors of the colon an oxab "
teratomas These thrombotic phenomena are more frequent thdan,ha'sr eecY "
generally recognized The superfieial vems of the upper an iso;‘:ﬁrcly
tremuties are the sites most frequently ‘3"}'?'1‘;2-"‘ hut no area
exempt nary emboli are frequent.™ ™5™

T;:Ie) pj:;:tg:n:sé of these thrombi still remains unelear. It appears to
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of the thoracic viscera This form of clubbing is to be distinguished from
congenital clubbing which is uynassociated with periosteal thickening and
which 1s not related to pulinonary disease, Bronchogenic earemoma 1s the
neoplasm most frequently assoctated with this change. As with some of
the other peripheral mamfestations of tumors, 1t may be the first sign that
dureets attention to the presence of a tumor. It has also been found with
metastatie tumors to the ung, benign lesions of the mediastinum and pleura
and more recently with a neurlemmoma of the diaphragm. It is seen more
frequently 1n males than in females even when allowance is made for the
greater frequency of bronchogenic caremoma in males This symptom com-
plex will vary with the exacerbations and remissions of the underlymng pri-
mary disease so that surgical removal of a tumor may produce a reversal
of the manifestations If there 1s local recurrence or metastases, the hyper-
trophic pulinonary ostecarthropathy may recur, Pathogenesis of this con-
dition is unknown. Theories range from the elaboration of toxins by altered
pulmonary tissue or degenerating tumor to changes m the dynamies of
the peripheral circulation !

SENSORY AND MOTOR NEUROPATHY

A combmation of, sensory neuropathy with polyneuritis has been ob-
served most characteristically with mtrathoracic forms of eancer, especially
with careinoma of the lungs and esophagus It is estimated that about 2
per cent of all lung cancers may be complicated by spinal eerebellar ataxia,
sensory neuropathy, polyneuritis and neuromuscular disturbances, These
changes are not caused by carcinomatous mvasion of the nervous system.
The posterior colunn degeneration that oceurs at times may he more ex-
tensve than that sesn m tzbes dorsals. .

In one group of 19 eases the neurologie symptoms antedated the diagno-
515 of the tumor. In one instance there was an mterval of 28 months be-
tween the onset and recognition of the neurclogic mamiesta‘tmns'und lhi:

this neuropathy 1s also unknown Viruses, toxins, nerve rellex nypelavus sy
: 3
and vitamin I disturbances have all been mmplieated ¥

Tie Syarerod COMPLEX OF DERMATOMYOSITIS AND OTHER
ConNECTIVE T1ssUE DISTURBANCES
The acute form of demmatomyositis 15 seen in assocation with neoplasms.
0 such cases have been recorded In one coflected group
8 developed some form of malignant

d 39, In all instances the neoplastic
e of these

Reports of at least 7 v
of 45 patients with dermatomyositis,
neoplasm between the ages of 27 an
proeess has preceded the cutaneous and muscular changes In som
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cases the final detection of the tumor has awated post-mortem examma.
tion In a few, the dermatomyositis has regressed following successful re.
moval of the neoplasin The dermatomyasitis does not become aggravated
with progression of the tumor. Although extrathoracic primary neoplasms
arismg 1 the ovary, breast, stomach and reticulo-endothelial system are
more frequently associated with this acute form of dermatomyositis, 1t has
also been scen with such wtratharacic neoplastas as caremoma of the lung
tand esophagns ? ®

The skin lesions in this form of dematomyositis are erythematous and
the distribution as well as the mieroscoprc morphology mmmies systemme
lupus erythematosis Usually. edema is not present This form of dermato~
myositis should be separated from the chronic progressive dermatomyositis
that 15 unassociated wjth neoplasms This syndrome may be related to nenve
degeneration that may occur with mahguant discase, perhaps predicated
upon competition by the tumor cells for the same escential nutritwnal
factor,

The assoeration of scleroderma with cancer of the lungs is of a different,
natare. It 1s hkely that scleroderma actually precedes the bronehogenic
carcinoma. The atypical alveolar epithelium seen with the fibrotte process
m the lungs of patients with scleroderma may be the precursor for the
development of cancer.

Other connectrs e tissue disturbances seen partteularly wath bronchogenie
carcinoma arearthralgra and arthrtss of the rheumaterd type In one group
of cases, &rthralgia was the mstial clinteal disturbanee 1 4 per cent Eight-
ecn of 24 Patients with fibrous mesothelioma of the pleura had symptoms
and signs referable to the jonts The relationshp of this phenomena to the
production of hyaluronie acid by mesothehal tumors may have some sig-
mficance. Often, these manuf are also { with pul ¥
osteoarthropathy

The relationship of Jupus erythematosis to carcinema appears o be no
Inote than eomerdental There was a 2 per cont oceurrence of caretnoma in
 group of 374 pattents n1th systeme lupus erythematosis that were fol-
lowed for at least a five year perod

Tue MeTastatic Carcrxoip SyNproain

Only recently 1t was thought that the caremord form of bronchial ade-
noma was not related histogenetically to the intestinal carcmoid Intestinal
careonds arise from the argentifine cells that are present m the ntestingl
mucosa. It was not thought that bronehisl adenamas of this type were
¢apable of producing a 5-hydroaytryptamme (serotonin) However, a num-
ber of cases of mahignant bronchal adenoma of the carcmord type with
the systemie and peripheral manifestations of hyperseratonemia have now
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been reported In some of these cases, biochemieal evidence of increased
serotonin production was found m the urine in the form of its breakdown
product—>5-hydroxymndolacetic acid This may be determined by a rather
sumple test. It has been deseribed with increasing frequency 1n recent years
in associated with metastatic caremoid of the small mtestine, The basie
findings of this syndrome consist of chronie @rrhea, flughes, cyanosis,
resprratory distress and right-sided cardiac disease. Most of these mani-
festations argthe result of excessive secretion of serotonin from the tumor
tissue. The serotonin acts on the smooth muscle of the blood vessels,
trachea and intestine, Some of the findings may be due to depletion of the
body reserves of tryptophane which 1s utihzed in the synthesis of these
large amounts of serotonin. The changes in the skin, especially of the face,
include teleangectasia and dilatation of the small vessels, This appears to
be due in part to a loeal plethora, but there 15 no over-all increase in the
number of red blood cells In most cases there are episodic attacks of flush-
mg associated with extreme cyanosis At times these are combimed with
such vasomotor manifestations as sweating and hot sensations In some,
there are recurrent episodes of eyanosis, respi 'y symptoms akin to
bronchial asthma. The patient may be dyspneic and have a respiratory
stridor, The blood pressure remams relatively normal during the attack.
Mental disturbances may occur but are difficult to evaluate i scriously ill
patients, Chnical records contain such deseriptions of the patients with
this syndrome as uncooperative, unrehable, contradictory and very nervous.
In the advanced form of this syndrome there may be cardiac diStur{;nnccs
with predominantly right-sided heart failure based on the production of
fibrostenotic Jestons on the pulmonary and tricuspid valves **

HemaToLagie DYSCRASIAS

There are obviously numerous liematologic dyscrasias assqcmted with
lymphoma—whether 1t be generalized or lnuted to 'the thoracic cage. Th'e
hemolytic anemias, hypersplenie manifestations require no comment at this
pomt Neither does the leukemoid reaction that may be secondaty to me-
tastases m the bone marrow from bronchogenic carcinoma.

Recently secondary polyeythemia has been notezll in certain renal] (:lsd—
cases and cspecially in carcinoma of the kidney This 18 sad to be relal ;2
to an merease m an erythropoetic factor thought to be eInbnrath in h(;
kidney This finding 1s of particular significance as regards th.e dzﬂerc;r:;‘ae
diapnos:s of chest neoplasms when it is remembered that carcmom‘z: of e
kidney metastasizes to the lungs in 75 per cent of t‘lzc cases T us, e

T of an und d neoplastic-like shadow in the chest u:[
presence of secondary polycythemia should focus attention on the kidney

as the most likely primary site. Clamping of the renal vemn has produced
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a similar type of secondary polyeythemra as has certam benign tumors,
polyeystic kidneys and hydrenephrosis.® *

Anemias secondary to carcmnoma are generally nutntional m otgmn w
the majority of instances even when the bone marrow 1s extensively -
1ehied with metastases

Sarcotd-Like GRANULOMAs 1¥ LyspH Nobes

The lymph nodes that dramn an organ involved with carcmoma juny
contain granuloma indistinguishable from those seen m Boeck’s sarcoid
There 1s nothing spectfic about any of these granulomata sinee a wide va-
tiety of agents may provoke this type of reaction These granulomata have
been seen in axillary lymph nodes in association with caremoma of the
breast, in persgastric lymph nodes 1 cases of stomach carcinoma, and more
recently i sealene fat-pad lymph nodes in cases of bronchogenic earcinoma
The finding of such granulomata m tissue removed at a scalene biopay in
the presence of a hilar or mediastmal shadow may at times mislead one
nto beheving Boeck's sarcoid 1s present, when m actuahty the lesion 13 a
neoplasm How frequently this occurs remains to be determmed.'

Phospholipuds that are released from neerotic tumor tissue may be ab-
sorbed by a regronal Iymph node and may be responsible for provoking this
Teaction. It is well known that lviuph nodes that drain disea<ed gallbladders
contajn granulomata as a reactron to pid substances '

AN LOIDOSIS

Amyloid, a homogenous acidophilic staming substance that 1s usually
found between cells of glandular organs or mesenchymal tissues, may occur
during the course of medinstinal Hordgkmn's disease, less frequently suth
lymphosarcoma apd rarely with bronchogeme cartinoms Amylowd 1s ae-
tually a group of substances which are believed to be proteins I)re('{p.tated
in an antigen-antibody reaction These extracellular protems have in com-
mon a free aldehyde group which reacts with sueh stams as lodine-acid.
Congo red_ silver calts and leukofusein Hepatosplenomepaly may occur and
confuse the preture of the underlying neoplasmn  If renal mvnhomq,'n. I
marked, there will be a nephrotic syndrome The formation and d(-)msm,F
of amyloid may be a response to a hyperimtnune reaction associated wzt
the proteins or retieuloendothelial proliferatton of some neoplasms.

Recently, 1 the expermental anunal cortisone and nitrogen myrn
have enhanced the formation of amgylord It also appears that ns o,
nustard Das stimulated more rapid amy lorlosts m human eases of hx -
sarcoma. In medrastinal Hodghm s dhsease of l_vnmh?mrmum the
ment of the spleen at times may represent amylotdosic and not nes -

spread of the neoplasm® *
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HypERCALCEMIA

Alterations m ealcium metabolism have been noted with many malg-
nant tumors, both m the presence and absence of bone destruction from
osseous metastases The effectiveness of sex steroid hormones, as well as
exacerbations of skeletal metastases n patients recciving such treatment
for breast cancer, may be detected by hypercaleemia Determination of the
degree of hypercalcenna 1s also of value 1n the evaluation of other new anti-
cancer chemotherapeutic agents. The application is made easier by recently
developed sumplified, precise and quantitative technics for the assay of cal-
eium i vartous brologie fuids

SUMMARY

Systemic manifestations of neoplastns are diverse and include infection,
dermatomyositis, arthritis, hypertrophic osteoarthropathy, amyloidosis,
blood dyserasias, thrombotic syndromes and more specific disturbances sec-
ondary to secretions from certain functioning tumors, Undoubtedly, in the
future more of these systemic relationships will be uncovered and under-
standing of the currently observed ones will increase.
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