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PREFACE

The interest and color which sometimes illuminate recorded thought are
often lost in the usual encyclopedic approach of scientific communication, The
information included within these covers is set down with an effort to retain
some of the spontaneity and flavor of its ongmal presentation A short space of
tme was required for the presentation of the proceedings from which this volume
arose, and the reader should be able to participate vicariously in an even more
abbreviated nterval.  The 1deas and exchanges between participants who are
actinely obtaiming and applying information about leukermia are recorded  This
volume represents an arrested instant during a memorable era when results justify
hape that current methodology in the field of oncology may indeed lead to con-
trol of the discase  The bibliography and summary passages may interest those
who desire a shightly more comprehensive survey of ctiology and treatment.

The proceedings from which this volume arose were first proposed as part
of the professional education program of the Amenican Cancer Society in Louisi-
ana**  The Board of Directors made 1t possible through their active support
and allocation of funds for the purpose  Mr. Harry McEnerny, President, Dr
E T. Krementz and his C on Local Arr and Mrs, Manan
Simmons, Mr Henry Houser, and Miss Brent Robertson of the Staff arranged
for the meeting  The editonal work was done for the most part under exceed-
mgly pleasant arrcumstances and surroundings at St Lows Unnersity, and the
<ecretanal work was performed by Miss Judy Felker, Mrs Helen Kane, and
Mrs Esther Smmth  Acknowledgment 1s also due Dr M M. Wintrobe, who
has been kind enough to resiew the final chapter. The competence, interest,
and amimated discussion of the participants are responsible for whatever profit-
able matenal s contamed 1n the volume and for the hope that future confer-
ences will have equal value  To them, the Board of Directors and the Staff of
the Louisiana Division, American Cancer Saciety, the editor 15 deeply indebted

WALTER J. BurpETTE
Salt Lake Citn
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Jerome T, Syprerton, MD

VIRUSES and CANCER®

When Gross' recently established the viral etiology of mouse leukemia, the
role of viruses 1n the induction of neoplasms was re-emphasized. Consideration
of new findings of this type 1s best based on a background knowledge of other
types of neoplasia now known associated with a virus as causative agent, and
this latest ch 1zation of a lian virus-induced tumor should not be
used to advance again the general virus theory of cancer. That theory al-
ready has been responuble for its share of the hopeful enthusiasms and dis-
couraging disappointments of cancer research. The secret of successful research
involves as much the asking of proper questions as the secking of useful answers.
Surely, the proper question 1s not whether all tumors are caused by viruses, but
what tumors are so caused, and how. Rational consideration of our knowledge
of viruses and tumors will avoid alike rejection by the virologist of the virus-in-
duced growths as neoplasms and rejection by the oncologsst of tumor agents as
siruses. Between the two extremes, we can evaluate old accomplishments and
plan new mvestigations.

Both those familiar with the concepts of neoplasia and malignancy and
those who fecl they know what a virus 15 find 1t difficult to prowvide exclusive
defimtions  As experimental biologists, we are not limited by the static con-
cepts of pathology. The primary phenomenon of interest, neoplastic growth, is
a growth of body cells capablc of progression on transfer to other appropnatc
hosts  The pt of N d by cellular mvasion or in-
filtration of g tissue and d ton by cellular metastasis, is a

Aided by grants from the American Cancer Society and the National Cancer Institute,
Nauonz) 1nstitutes of Healt]
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16 ETIOLOGY AND TREATMENT OF LEUKEMIA

reflection of the degree of autonomy attained by the neoplastic cells, It is not
necessary that neoplasia and malignancy be referable to the same etiology.
Virologists commonly conceive of a virus as an obligate intracellular parasite,
that is, an agent capable of inducing its own replication by susceptible cells
on which 1t is utterly dependent and yet to which it is essentially foreign. We
recognize a virus by characteristic histo- or cytapathic effect; we know that the
effect is asociated with physical replicating particles, 8 to 300 ma in size, of
nucleoprotein constitution, with antigenic capacity, usually insusceptible to
chemotherapeutic and antibiotic agents. The concept of “virus” is fully as
complex as that of “neoplasm”; in cither case it is much casicr to distinguish
the normal and abnormal in practice than 1t is to isolate the essence of differ-
ence. The working definitions are designed mostly to differentiate types of ab-
normality, The oncologist 15 intent on the separation of hyperplasia from neo-
plasia; the virologist, on the distinctions among viruses, bacteria, fungi, and
rickettsia  The transmissible tumors, like the latest instance which is the sub-
ject of this conference, demand more subtle decisions, such as whether the in-
ducing agent 15 responsible for the neoplastic quality of cellular proliferation,
and whether the behavior of the inducing agent is consistent with what we
should expect of a virus  With these questions 1n mind, it is profitable to ex-
amine the tumors for which deciions already have been rendered

AVIAN SARCOMAS

The study of virus-induced avian tumors was mitiated m 1910 with the
discovery of the Rous sarcoma of chichens and the Fupnami sarcoma of ducks
The Rous sarcoma or Chicken Tumer 1, which now 15 a classic, experimental
tumor,* onginated 1 a pedigreed stock of domestic fowk *  Like mammalian
transplanted tumors, 1t couid at first be passed only n blood-related hosts, fail-
ing 0 other strains of the same stock By slow adaptation, the host range of the
tumor gradually transcended the barriers of stock, breed, and even species
Rous’s work showed that Chicken Tumor 1 possessed and propagated an acell-
ular agent capable of inducing the de novo origin of other tvpical neoplasm»
classifiable as mabignant  Distinct transmissible agents, siruses, now are known
to be concerned n the etiology of many other fow} tumors, including fibrosar-
camas, polymorphtc sarcomas, round cell sarcomas, ordmany spmdle <l sar-
comas, osteochondrosarcomas, and endothehiomas  .\s yet, no avian carcinoma
has been attributed to \iral mnfection  Except for therr virus etiology  these
avian connectne tissue tamors are entirely analogous to the wide varicry of
mammalian sarcomas, and hence have been accepted as typical neoplasms

The viruses originating these transmisstble avian tumors not onlyv are
responsible for the neoplastic converston, but also determune the structural and

developmental properties of each particular tumor type. As yet, st has not been
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posstble to establish beyond doutt which celf types of the connective tissue series
commonly give tite to virus-induced tumors. The direction of tumor des elop-
ment dictated by the infecting virus may result from infection of different cells
by the same or sanant forms of virus, or by modulation of cells alter infection
in response to the influence of host factors. Recent advances in tissue culture,

whereby h ous cell populations can be p d from single cells with
reasanable regularity,* may hasten solutions to these problems. The influence
of host factors on the primary cellular ph: has been & d

dramatically by the work of Duran-Reynals.® Virus introduced intravenously
into young chicks produced a lethal hemorrhagic discase; injection of older birds
or those previously protected with antibody resulted in typical sarcomas.

The properties of Rous virus are interesting but not extraordinary, It is
about 48 mg in size®; it is extremely labile in the absence of protein, punfied
preparatians capidly losing fnfectivity at 37° C., although they can be stored
indefinjtely at ~70° C. In the presence of protein, Rous virus is remarkably
resistant to desiccation, exposure to glycerol, or to irradiation  This resistance
to irradiation has been mterestingly demonstrated by Peacock.” Primary sar-
comas vanished upon irradiation with doses of 4,000 to 10,000 r; the virus, not
mactivated, was resorbed through lymphatic channels, entered the general air-
culation, and sas fixed at the periphery of the irradiated zone, where it induced
formation of satellite tumors

The biologic behaviar of the Rous agent in no way gres reason for its
rejection as a virus  The pamstaking efforts of Rubin® lately have demonstrated
that {a) a single particle can mitiate turmor development, (b) virus of a single
clone can snfect ectodermal or mesodermal cells, and (<) successive generations
of multiplying sarcoma cells continually release a few virus particles from each
cefl, so that virus production keeps pace with cell dinsson  The problem of
carhier sporadic farlures to recover virus from sarcomas, which occasioned some
doubt of the causal relationship between sirus and neoplastic induction, has
been resobied, Rubin’s results showed that the proportions of mfectious and
thermally inactivated strus present mn sarcoma cell cultures were deternined by
the sate of cellular multiplication  Further, Bryan and his associates’ found
that the amount of virus recaverable from tumors was a function of itiating
dose

In spite of the weight of evtdence accumulated from such careful studies,
a considerable confusion of thought still exxsts wath respect o the role of Rous
virus an the production of neoplasms For example, Warburg,™ wnung “On
the Ongn of Cancer Cells,” had this to say

1f the Rous agent s inoculated tata the chorion of chick embryos,
tumors angunate in the ceurse of a few days as rapudly as in the trans-
plantation of cancer cells  The tumors formed are not chorion tumors,
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but Rous sarcomas, The Rous agent to which a particle weight of 150
million is ascribed at present is therefore capable of transmitting the
morphological propertics of the Rous sarcoma; and whatever we call
the Rous agent—"hereditary unit,” cell fragment, microcell or spore—
the transmission of the Rous sarcoma by the Rous agent is, in any casc,
nothing more than a transplantation, and is to be differentiated strictly
from the production of a chicken sarcoma by methylcholanthrene,
which is a neoformation of a tumor from normal body cells and as
such takes a long time.

Despite Professor Warburg’s misconception of the common meaning of “trans-
plantation,” which is the transfer of intact cells from one host to another, the
properties of Rous virus cited in his comments are evidence of tumorigenic action
on initially normal cells.

AVIAN LEUKOSES

Avian lcukosis represents a complex of malignant neoplastic processes with
viral etiology proved™ by Ellermann and Bang in 1908. In retrospect, it is
understandablc why this discovery was not given adequate recognition: avian
leukosis was considered a “‘spontaneous” ncoplastic disease because it occurred
sporadically, was refractory to transmission even by grafting, and seldom
yielded a filtrable agent. Since 1917, the small flocks of mixed breeds main-
tawned in earher practice have been replaced with inbred lines of birds selected
by trap nesting for egg production. These superior stocks and enormous incu-
bators resulted in vast numbers of chickens—deal populations for virus propa-
gation. Ventable cprzootics of avian leukosis were the result.  Lines of chickens
have been evolved with merdences of leukosis mited only by death of the pul-
lets before egg-bearing matunity; mortalities exceed 40 per cent. In these ar-
cumstances, the disease 1s readily transmissible. A sporadic discase which
closely simulated human leuhemia 1n its epidemiologic features thus has been
converted by selettive hiost breeding wie an miectious disease of epizootic mani-
festation Genetic and endocrine mfluences play a determining role 1n the
ctiology of avian leukosis, with virus as the causative agent

There are two types of avian leuhosts. lymphomatosis and erythromyelo-
blastoss  Lymphomatosis originates with cells of the lymphocytic sertes, and
varies principally with respect to the location of the affected primitne cells,
The disease commonly infiltrates the riscera to produce visceral lymphomatoss,
it can enter nerve trunks to result m neurolymphomatosis, but rarely invades
the crrculation, Isolated lymphosarcomas represent another manifestation
Whle lymph - C erythromyelobl. 1© lcuk?sxs is rare, The
latter condition, which essentially 1s a ughly malignant leukemia of erythroblasts
or myeloblasts, has been subjected to intense and rewarding laboratory study
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Although many questions yet remain without answers, the systematic approach
of Beard and ascociates™ already has illuminated broad areas of the problem of
crythromycloblastosis, and it has provided a model for investigation of other
neoplasms of known or suspected virus onigin,

It appears that lymphomatosis and erythromyeloblastosis are transmitted
specifically and independently by different viruses  The virus of erythromyelo-
blastosis (EMB) has reccived the bulk of study. It has been visualized by
clectron micrography and studied by physicochemical means. A single viral
particle is about 140 mp in diameter. Plasma from infected chickens can contain
from 60,000 to 2 trillion {2 x 10'") such particles per milliliter; usually more than
60,000 particles are required to nitiate infection, Similar to influenza virus,
ervthromyeloblastosis virus has an intimately assaciated enzymatic component, in
this instance, adenosinc and inosine triphosph . The virus now can be assayed
quantitatnely by electron mic: phic particle ation, infectivity bioassay,
or enzyme-activity assay. Although infection is not always accompanied by pro-
duction of neutralizing antibody, specific hyperimmune serums can be produced
in rabbits or chickens. Such serums do not affect enzyme activity. The inti-
macy of relationship between virus and host cell is emphasized (a) by the neu-
tralization of infectivity by anticerums induced in rabbits, guinea pigs, or mice
against either concentrated virus or normal chick tissue and (b) by the pres-
ence of Forssman antigen in viral concentrates  The evidence found by Beard
and his associates'” strongly indicates that rormal chick and Forssman antigens
exist as integral parts of the virus. Since typical antniral antibodies can be
produced expenmentally with adequate doses of virus, it is evident that the
irregular natural immune response derives {rom low dosage. Imvestigators of
other neoplastic conditions should note that lach of an antibody response is not
sufficient to rule out virus etiology.

MAMMARY CARCINOMA OF MICE

Since the turn of the century, the mouse mammary tumor probably has
been the most popular toal for cancer research. Prior to 1936, many thousands
of hours had been im ested 1n the delineation of 1ts biology, it was the prototypi-
cal example of an experimental, spontancous tumor, a trite mammakan malig-
nant neoplasm, 1deal for intestigation  With the development of inbred or
homozygous strains of mice,” contributed by the outstanding efforts of Strong,
Lattle, and others, the mammary tumor could be transplanted at will  Work
with nbred stacks proved the importance of genetic factors in the development
of cancer of the breast In this early penod, the investigations of Lathrop and
Loceb' emphasized the role of hormonal factors  The suggestion in 1933 by
lLattle and Korteweg of the essential action of an extrachromosomal influence,
and the culminating demonstration 1n 1936 by Bittner™ of a causative, trans-
mussible agent, finally characterized mouse mammary cancer as a virus-induced
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neoplasm.**  The virus has been hedgingly described by such noncommittal
terms as “milk influence,” “milk factor,” and “Bictner agent,” but it evinces the
properties by which a virus is known, and it can be so called.

Mouse mammary tumor virus is distributed throughout the bodies of mice
of stramns with a high incidence of mammary cancer. It is rcadily transmissible
to susceptible mice through mothers’ milk by nursing, and by milk or extracts
of assorted tissues by injection. The precise site of infection is not known, nor
is 1t known whether the overt ife ion of ry ads cinoma re-
sults from an actuating effect of the virus or from a provocative influence similar
to that exerted by Shope virus in the rabbit papilloma-to-carcinoma sequence.
Strains of mice exist with a fair incidence of breast cancer, from which no virus
has been isolated.’”  We are, however, reminded by the work with avian neo-
plasms that inability to recover virus by bicassay of csude extracts is no guar-
antec of its absence.  Mammary tumor virus has not been as well charactenzed
biologically, physically, or immunologically as the other oncogenic viruses, for
reasons of obvious dufficulty. The latent period of mfection alone is a formida-
ble barrier to bioascay, ranging from six to twelve or mare months. It is known
that the virus is antigenic in heterologaus spectes, but that, curiously, it is not
antigemie n muce.  This lack of mmune response in the susceptible host can-
not be attrthuted to low dosage; detectable antibadies are not produced by hy-
perimmunization procedures. It 15 possible that host protemns are even more
mtimately assoctated with the virus than 1s the case with avian erythromyelo-
blastosts virus  The common development of breast cancer m muce, however
incomplete our knowledge of it, reflects an essential role for a causative virus,
and the mnseparable influence and interplay of genetic factors and hormones as
well,

PAPILLOMATOSIS OF RABBITS

A cutaneous papilloma occurs enzootically among wild cottontail rabbits
in states bordering the Mississippt Ruver.  In 1933, Shope'® demonstrated that
the bemgn papilloma was virusanduced.  Reports by Rous and Beard" that
the harny growths could progress to frank epidermoid carcinoma raiscd hopes
that 2 mammalian cancer of viral ongin was available for study.

During the twenty years from 1934, m our own laboratory more than 2,000
wild, cottontail, and domestic Dutch belt rabbits with paptllomatosis were oh-
served ®  Weekly examnation of 600 of these, kept as undisturbed as possible,
revealed the natural pattern of tumor growth Papxﬂoma}mis was found to
pragress predictably through three phases  prolderaave, stationary, and mvolu-
wonary The prolifesatne phase begins seven to forty-two days after exposure
of injured epidernus to virus, when tiny \esxcu]fnd papules appear  The m-
fected eputhteltal cells multiply inte growths ranging i stze from small nodules
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to enormous verrucous masses and cutancous horns  In three to six months, &
stationary phase supervenes in which lesions are quiescent, without evidence of
degeneration or further proliferation, This phase commonly is of shorter dura-~
tion in the experimental host, the domestic rabbit. The growth cycle terminates
in an involutionary phase. Eather the final failure of the germinal layer to con-
tinue growth reults in regression and disappearance of the lesion, or renewed
proliferative vigor ensues, with replacement of benign by malignant cells and
formation of cpidermoid carcinoma The progression to carcinoma has been
observed in 75 per cent of domestic and 25 per cent of wild rabbits naturally or
cxpenimentally infected.

The causative agent of papillomatosis, Shope’s virus, is about 44 to 66 mu
1n size,'? and the virus is extremely resistant to deterioration.  All of the anu-
genic and infective propertics of the virus are attributable to the elementary
particles; no evidence of ascociated enzymes or host antigens exists  Cyto-
trophism 1s limuted strictly to certain skin cells  If virus is inoculated along a
long scarification passing across epidermis and mucous membrane, papilloma
formation stops abruptly at the beginning of mucous Virus must
reach the epidermal basal cell layer to become effective. The number of par-
ticles reaching the critical site determine the incubation period and the number,
extent, and confluence of lesions  Virus cannot be isolated from growths with
low content of virus because virus concentrations sufficient to infect the critical site
1n the test host are not obtained  Such difficulty of isolation with domestic rab-
bit papillomas led to the postulation of a “masked” state? of virus, 1t seems clear
now that insufficient virus was the case.

Infectine virus 15 recoverable from prolif or even regress-
ing papillomas It has been recovered commonly fmm these papillomas in cot-
tontails, but rarely from domestic rabbats; 1t has not been recovered from car-
cinamas,  Apparently unquestionable evidence of a persistent association be-
tween virus and cancer was obtained, however, by Kidd and Rous™ with the
V-2 carcinoma, with which successive transplantations over many years regu-
larly induced wirus-neutralizing antibodies i recipient hosts  The immune
response ceased after 50 passages.” We know that papilloma formation 15 a
direct result of virus mfection, we do not know the role of virus in the neoplas-
tic transf ion  The papill t sequence suggests three possi-
bihues (1) the ulumate cancer 1s produced by papilloma virus; {2) a second
wvirus specifically inducing the carcinoma 1s activated by the antecedent papil-
loma, (3) papilloma virus may persist in the succeeding carcinoma as an inci-
dental passenger If esther of the first and second alternatives is true, virus
should be recoverable not only from the primary carcinoma but also from the
secondary, pulmonary metastases It 1s not. The relation between virus and
carcinoma remains unknown.
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In summary, it can be said that five avian and mammalian tumors, at least
three primarily malignant, have been accepted as virus-induced. The com-
plexity of the agents varies from that of rabbit papilloma virus to that of chicken
sarcoma virus wath its variability in mode of infection, pathogenicity, and cyto-
trophism by species, race, tissue, and cell. The range of complexity and the
properties mvolved are ne stranger than those of other viruses. Oncogenic
viruses certainly arc responsible for the proliferative origin of the tumors;
whether they are always nccessarily responsible for the ultimate neoplastic qual-
ity of the growths is not decided. The answer seems to vary from a definite
“yes” with avian sarcoma and erythromyeloblastosis, to a “maybe” with mouse
mammary carcinoma, to a “probably not” with rabbit epithelioma, We may
hope that extension of the study of mouse leukemia virus, already so vigorously
prosccuted by Gross,* Law and associates,®” and Stewart,”® will shed further
light on the relationship of viruses to cancer.

DISCUSSION

Dr. BurpeTte. Dr. Fox, will you open the discussion of Dr. Syverton’s
paper?

Dr. Fox: Thank you, Dr. Burdette. I have been trying to relate the in-
formation presented about rodent disease to human application. Each of us,
of course, does this in s own way, conditioned by his own peculiar experience.
Like Dr Syverton, I am interested 1n viruses and sometimes labor under the
handicap of bemng called a virologist Also, I am interested in epidemiology,
and I wish to say at this point that the abundant information presented by Dr.
Kirschbaum and Dr Syverton as to the multiphicity of factors which enter mto
the ulimate determination of whether or not, or when, leukemza occurs provides
one with the basis for setting up a number of hypotheses with respect to human
experience that are very stimulating to an epidemiologist. Obviously, the long,
generation uime of man enters into this picture and makes the direct execution
of such experiments rather difficult, but I still think that an appropriate, well-
devised study might yet be informative.

I was very much mterested in Dr Syverton’s views concerning antibody
response to some of these viral agents m their native host, implying that this
was possibly because the viral agent itself contaned the host protem. I am
wondering whether 1t might not also be due 1n part to the fact that these nfec-
tions may be quite commonly congemital I am thinking now of the virus of
lymphocytic chariomeningitis i the mouse. A mouse mnfected after birth de-
velops antibodies to the virus in the usual fashion, whereas the mouse infected
in utero, that 15, congentally, harbors the virus throughout 1ts life but never
develops antibody  In this case, apparently, the virus, having been present in
the developmental stage, does not elicit the customary response to foreign pro-
tem. Would this apply to leukemia®
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Dr Syvrrton: It seems to me that four possibilities deserve considera-
tion:

1. An agent and its specific anuibody can coexist with any frec agent or
vitus being neutralized by free antibody.  This state of cocxistence of antibody
and infectious agent, hnown as premunition, is exemplified by psittacosis in its
natural host, a peittacine bird. The bird commonly shows apparent recovery
from clinical disease, but continues to carry psittacesis virus in the presence of
specific antibody. This silent ar inapparent infection continues for variable
periods of time unul some adverce circumstance such as inclement weather,
intercurrent infection such as salmonellosis, starvation, or other reason upset
the resistance of the bird, resulting in recurrence of chnical disease.

2. A second category is exemphfied by acquired tolerance in which ex-
posure to an agent or antigen before or immediately alter bisth results in loss
of the host's ability to react to that same agent upon reexposure later in life.

3. A third type is the hiberation by certain agents of soluble antigens which
persist widely distnbuted 1 the body and result in wmmune paralysis (fixed
antigen prevents effective antibody formation by the host, the antibody-forming
capacity of the host is blocked).

4. A fourth category is the case of agent, virus, or otherwise, o intimately
associated with host tissues as to become essentially inseparable and to persist in
what appears to be host nucleoprotein.

Dr. Kirscupaun:  Although antibodies have not been demonstrated, Dr
Syverton, is 1t not true that as mice age they become resistant to the develop-
ment of y cancer foll g introduction of the agent. Has anything
been done to d whether 1 ibodies are present in the serum
of these older amimals?

Dr. Syverton. To my knowledge, no.

Dr Kimscusaum  Would you suspect there may be neutralizing anti-
bodies?®

Dr SvverToN A reasonable, working hypothesis is the concept that ani-
mals acquire before or at birth a variety of agents that mamtain and remain
dormant unless activated by provocatine measure

Dz Kirscupavm. Dr Fox, were you suggesting that, after the agent be-
came avaulable ta the fetus, the fetus was desensitized, and then 1n later life the
indnidual was able to form antibodies to the agent?

Dr Fox Yes, essentially what I was suggesting 1s that, because of contact
with the agent during the fetal peniod, the agent in effect was not a fareign pro-
tem to that particular individual, although it might be to other members of the
speaies

Dr Kirscasavm  That seems not to be applicable to the mamman
tumor agent because 1t 1s not available to the embryo  That is, the agent cannot
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be obtained from the embryo. The mammary tumor agent is obtained post-
natally.

Dz, Syvrrron: Is it not true that the same applies to other species within
the first few days of hife?

Dgr. WoorLey: That was the point I would like to stress, too, Apparently
for the first few hours after birth, the animal 1s similar to the embryo in some
respects.  Dr. Syverton, would you discuss the time of fisation of viruses to tissue
in relation to the appearance of disease at a later date.

Dr. Syverron: It is not clear to me what you have in mind. If you refer
to the incubation period of Shope rabbit papilloma, papilloma virus demands
direct contact with the stratum germinativum of the epidermis to evoke infec-
tion For example, when papilloma virus is inoculated by a scratch that is
made to extend over the juncture of skin and mucosa and onto the mucosal sur-
face, papillomatous proliferation 15 Iimited to where contact was made with
basal cells of epidermis, the papsitomatous growth stops abruptly at the mucosal
juncture. As for the incubation period of Shope rabbit papilloma, virus once
brought into contact with basal cells requires from seven to forty-two days be-
fore yielding evidence of 1ts presence by the development of small epithehal ex-
crescences which become papillomas or warts. Once that incubation period has
been achieved, cells reduplicate quite rapidly and continue to do so for from six
weeks to about three months, at which tme multiplication ceases and the virus
tumor remains i ats stationary phase. Up to and during the stationary phase in
the tumor’s developmental cycle, virus in varying amounts can be demonstrated
1n the papilloma cells. It s not unlikely that virus recovered dunng the station-
ary phase represents preformed virus kept intracellularly for seeks or months
Papilloma virus 1s 2 most resistant virus, as measured by heat inactivation,
desiccation, or other adverse circumstance The final stage in the develop-
mental cycle, the stage of regression, 1s manifested 1n one of two ways as the
myolutionary phase when the leston becomes dried, atrophic, and sloughs. The
skin site heals, leaving little or no evidence of pre-existing tumor  Contraswise,
the regressive state may be manifested by renewal of proliferative capacity to
result in an epidermod carcimoma which infiltrates underlying tissues, metastas-
1zes, and kalls the host  Is 1t this well-established sequence that you had in smnd,
or was it the relationship of papiioma virus to Rous’s V-2 carcinoma®  Virus
was demonstrated over several years m this transplantable tumor while mamn-
tamned in Dr. Rous’s laboratory  Estdence for the presence of virus by antibody
production was lost after many generations It 15 not clear whether the virus

deration rep a virus or a virus of sigmificance 1in

under ¢
the pathogenests of the V-2 carcinoma
Dr WooLtey. What happens to the virus in the end organ, duting this

long period?
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Dr, Syvertox: I do not hnow. Mammary tumor virus obviously must
be present, since it is recoverable both from mammary tissues and a variety of
other tiswues during that time,

Dr. BurcuENAL:  Arc there any insect or fowl vectors for the virus of the
Shope papilfoma in the wild rabbit?

Dr. Svvertox: The natural mode or mecharism for infection of the
cottontail rabbit by papilloma virus is not hnown It is known that lesions,
under natural conditions, occur chiefly on head, face, buttocks, and legs  This
anatomic distnibution suggests that the cottontail acquires sirus from its bur-
row. Dr. Shope has attempted, by ingenious approaches, to find the answer,
even studying ground toads, ground owls, and other natural jnhabitants of
burrows It is my understanding that leuhosis is a respiratory infection. Cer-
tainly, birds in the same enclosure contract the disease

Dr BurcneNaL. But no insect vectors are known?

Dr. Kirscunavat: It occurs to me that virologists have the happy faculty
of believing that virus is present even though one cannot demonstrate it It
has been demonstrated that if the mammary tumor agent was not made available
to mice of the high-tumor C3H strain by foster-nursing, as many as 30 per cent
of the animals developed mammary cancer, and from these mammary cancers,
the mammary tumor agent could not be demonstrated, usng the methods that
are ordnarily used to demonstrate it.

In this case, the agent 15 said 1o be present becawse there 1s a method to

it, I the y tumor agent 1s excluded by foster-nursing
and then mammary cancer is induced by the adminsstration of methylcholan-
threne and 1t does not appear when one extracts the mammary tumors and
mjects the most appropriate stram of test anmals, one must come to the con-
clusion that in carcinogen-induced mammary tumors of mice the agent is not
acquired 1f 1t 13 not present at the outset Therc may be other methods of
demonstrating the agent, but at least tentatively I have to come to the conclu-
sion that 1t 1s not d ble under these conditions

Dr WooLLey  Are you referning to the same morphologic tumor when
vou speak of the carcinogen-induced tumor®

Dr Kmscupaun: [ would say that in about 95 per cent of methylcholan-
threne-induced mammary tumors there are areas of carcinoma. There are also
areas of squamaus metaplasia  One might feel that this squamous metaplasia
indicates that this 15 a different kind of cancer and that there 1s no agent found
because this 1s not the kind of mammary cancer that occurs spontancously, but
I do not think one can brush aside the findings of Heston with that argument
He finds mammary cancer with histology typical for the spontaneous neoplasm,
although exhaustive expenments reveal no agent It seems to me that the agent
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accelerates the onset of the disease. There are other potent factors, and the
agent is not infectious in the usual sense but is an accelerating factor.

Dr. Syverron: I follow your line of thought, Certainly, it is not known
why some people harbor xanthelasma and xanthoma tumors; the presence of
such tumors is of significance to the attending physician,

Dr. BurbeTTE:  One of the things you mentioned in your talk a moment
ago was that masking of viruses may sometimes be explained on the basis
of the small number of particles present. It occurs to me that this remoses the
mashing of viruses from the occult into something which may be tested. Would
you comment?

Dr. SyvertoN: The term “masking” has been used in description of
biological findings to indicate: (a)} a latent, noninfectious form of virus which
may or may not gite rise to discernible antibodies, (b) inhibition or “masking”
of an infectious agent or virus by specific antibody, and (¢} a quantitative
relationship of viral particles to susceptible cells which demands a minimal
number of particles for host transfer, as has been emphasized adequately by
Beard. Bryan, at the National Cancer Institute, has provided convincing ex-
amples of why the term “masking” should not be used. He found that terminal
dilutions of chicken tissue containing Rous sarcoma virus can result in the pro-
duction of a tumor which eventuaily kills the host fowl. Yet, from such tumors,
virus may not be recoverable, The more concentrated of successive twoiold
dilutions of the same chicken tissue induces tumors which contain approsi-
mately the same amount of virus as the original source tumor. Failure to
demonstrate virus m tumors prosoked by terminal dilutions is subject to inter-
pretation as absence of virus or masked virus when antibodies 1n recipient hosts
are demonstrated  Bryan’s studies have shown that a critical number of viral
particles are essential for induction of a tumor and that this number varies
from one virus tumor to the next

Dr BurbETTE: Dr Syverton, would you hazard any comments about
the manner mn which tumor viruses act within the cell, whether actually this 1s

only a matter of macromolecular structure, since an agent such as polyvinyl
pyrrohdone has been shown by Hueper to be tumongenic, and cellophane, as
well as other polymers, will produce tumors, as shown by Oppenheimer and
others, or whether, as Darlington has suggested, the way these viruses act 1s
by entering the cell and acting through compehinon with essential celiular
systems

Dr. Syverton. I am glad to comment if you will permit me conuderable
latitude. Let us assume that a mammalian cell consists of a bag of enzvmes and
genes subject to rearrangement, rcplac:emcm, and vanable functions  Infection
by a virus, which is nucleoprotemn foreign to the cell, mtroduces a new battery or
bag of enzymes to take over and convert the cell into a factory capable of pro-



VIRUSES AND CANCLR 27

ducing, within predictable periods of time, an abundance of new nucleoprotein
or virus. The time required for this process for bacteria can be as short as
twenty minutes, for pokomychtis, about cight hours; for many viruses, much
longer. The result is production and release of a vast number of nenly formed
particles of nucleoprotein, new virus  In this process, virus, the product, ac-
quires materials from the host cell and in turn, upon transfer to a new host cell,
alters its enzymic productive capacity,

Dr. BurorTTe: Do you think this is a sort of transduction? Is that what
you are implying?

Dr. Svverton: Yes, but transduction signifies transfer between cells of a
new property which may be biochemical, physical, or gemue.  Transfer by trans-
duction is limited to a single characteristic. More nearly what I had in mind is
the Jysogenic relationship of bacterium and its bacterial virus, since by that
relationship the bacterial cell maintains and transmits virus by its genic mecha-
nism to its bactenal progeny.

Dr. Kirscusaunm:  Dr. Syverton, would the results of experiments wath the
Shope papilloma not suggest that the virus is responstble for the initiation of the
neoplasm, but that continuing growth 1s not virus-dependent?

Dr. Syverton: The findings can be so interpreted.  An adequate ex-
planation is not known for the diappearance of papilloma virus from tumor
during its regressive stage inclusive of the carcinomatous lesion. O examples
acceptable as virus tumors, certamly the epidermoid carcinoma that follows the
virus-induced papilloma has weak supportive esidence for a virus causation,

Dr. Gross  Dr. Kircchbaum remarked about nonviral etiology of cer.
tam types of mammary tumors  You must keep 1n mind that our means at the
present time to establish the viral etiology of a tumor consist mainly of bioassay;
we inject cell-free extracts into susceptible amimals and observe animals for
the development of tumors  We know that 1n many instances the extract does
contain virus and yet no tumor results Never can we state that the extract
does not contain the virus just because the injection did not result in the desvel-
opment of a tumor It is quite possible, in fact, perhaps probable, that there
are several types of mammary tumor viruses

The fact that some mice may stll develop mammary tumors following
foster-nursing suggests that such tumers may be transmitted just like the
leukemic agent, directly through the embryo

Dr. Burpette Do jou have any evidence that another virus is involsed

in the causation of mammary tumors, or 15 this only speculative?

Dr Gross I have no evidence whatever, but I assume that not all mam-
mary tumors are caused by the same agent, and that not all of them are trans-

mutted through the mulk
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acceferates the onset of the disease. There are other potent factors, and the
agent is not infectious in the usual sense but is an accelerating factor.

Dr. Syverton: 1 follow your line of thought. Certainly, it is nat known
why some people harbor xanthelasma and xanthoma tumors; the presence of
such tumors s of significance to the attending physician.

Dr. BuroeTTE:  One of the things you mentioned in your talk 2 moment
ago was that masking of tiruses may sometimes be explained on the basis
of the smail number of particles present. It occurs to me that this removes the
masking of viruses from the occult into something which may be tested. Would
you comment?

Dr. Syverron: The term “masking” has been used in description of
biological findings to indicate: (a) a Jatent, noninfectious form of virus which
may or may not give rice to discernible antibodies, (b) inhibition or “masking”
of an infecttous agent or virus by specific antibody, and {c) a quantitative
relationship of viral particles to susceptible cells which demands a minimal
number of particles for host transfer, as has been emphasized adequately by
Beard. Bryan, at the National Cancer Institute, has provided convincing ex-
amples of why the term “masking" should not be used  He found that terminal
dilutions of chicken tissue containing Rous sarcoma virus can result in the pro-
duction of a tumor which eventually kills the host fowl. Yet, from such tumars,
virus may not be recoverable 'The more concentrated of successive twofold
dilutions of the same chicken tissue induces tumors which contain approxi-
mately the same amount of virus as the original source tumor Failure to
demonstrate virus in tumors provoked by terminal dilutions is subject to inter-
pretation as absence of virus or masked virus when antibodies in recipient hosts
are demonstrated. Bryan’s studies have shown that a critical number of viral
particles are escential for mnduction of a tumor and that this number vanes
from one virus tumor to the next

Dr Burperre Dr Syserton, would you hazard any comments about

the manner in which tumor viruses act within the cell, whether actually this 15
ouly a matter of macromalecular structure, since an agent such as polyvinyl
pyrrolidone has been shown by Hueper to be tumonigenic, and cellophane, as
well as other polymers, will produce tumors, as shown by Oppenheimer and
others, or whether, as Darlington has suggested, the way these viruses act 1s
by entering the cell and acting through competition with essential cellular
systems

Dr Svvertox® I am glad to comment if you will permit me considerable

latitude, Let us assume that a mammalian cell consists of a bag ‘oi enzymes and
genes subject to rearrangement, replacement, and \a.n'able functions  Infection
by a virus, which s nucleoprotem foreign to the cell, intreduces a new battery or
bag of enzymes to take over and convert the cell into a factory capable of pro-
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ETIOLOGY ¢ LEUKEMIA

Leukemia was recognized as a distinct chinical entity more than one hun-
dred years ago, but its relationship to lymphosarcoma and other neoplas
remained quite obscure  Most of the work was descriptive until approximately
1908, when Ellermann,’ warking on leukemia in the domestic fowl, found that
this disease can be transmutted to susceptible animals by the inoculation not
only of cells but also of cell-free extracts, at this time, the possibility of the
viral etiology of leukemia became apparent. It has taken more than forty years
before the work of Gross™ has made it seem likely that mouse leukemia may ako
have a viral ctiology.

The first exp ! study 1n Is app d 1n 1927 when a group
working 1n Holland, Smjders® and Tio Tjwan Gie," descnbed leukemia and
lymphosarcoma 1n a homogeneous stock of guinea pigs  These diseases could
be transmutted to closely related ammals by moculating intact viable cells, the
introduced cells grew at the site of moculation to form a tumor, even though
these cells were derned from the blood stream  Thus, these workers demon-
strated that leukemia cells of the guinea pig may grow as a tumorous mass.
When the cells of local tumors were mnoculated intravenously mto closely related
animals, the recipients developed leukemia

In 1929, Richter and MacDowell® described leukemia in the C58 strain
of muce. This 15 a highly inbred stramn m which 90 per cent of the animals
develop lymphatc leukema, and these workers began a systemauc study on
the genetics of this disease  One of their most important contributions was the
demonstration that_nongenetic as well as genctic factors determine the genesis
of leukemia. Although 90 per cent of the animals of this genetically homogene-
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Dr. Burberte: In closing, Dr. Syverton, would you care to set up some
rules for proving that a given virus js responsible for a given tumor Would
you alter Koch’s postulates in any way?

Dr. Syverton: It has proved difficult to formulate rules to prove a given
virus responsible for a given tumor. Evidence accumulated by Beard and his
associates for erythromyeloblastosis virus as the causative agent of erythromyelo-
blastosis of chickens is conclusive. Yet, if one examines the origin of tumors of
mice, or the rabbit papilloma-to-carcinoma sequence initiated by Shope's rabhit
papilloma virus, the problem is difficult. In each instance, the evidence or find-
ings are subject to the interpretation that the causative agent consists of indis-
tingwishable host and virus constituents. Finally, as Rivers pointcd out some
years ago, Koch’s dicta or postulates can be applied to virus infection.

Dr Burperte: Later you will have an opportunity to make additional
comments on the proofs offered for the viral etiology of leukemia,
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The relationship of the chemucal and physical leukemogenic agents (car-
cinogenic hydrocarbons, estrogenic hormone, and ifonizing radiation) to the
sirus remains to be determined. Do these nonviral agents merely act by way
of a filterable agent? In other words, is a filterable agent the mediator for the
carcinogenic hydrocarbons and x-irradiation?

Thymoma (lymphosarcoma) of the mouse has attracted considerable at-
tention because extirpation of the thymus has reduced the incidence of leuhemia
in certamn high-leukemia stocks. In strains of mice susceptible to the induction
of leukemia by carcinogenic hydrocarbons or x-rays, thymectomy may also re-
duce the incidence of the induced disease. There 1s something definitely peculiar
about the thymus as far as the genesis of leuhemia is concerned. Perhaps the
emvironment provided by the thymus may be responsible for the leakemic trans-
formation of cells which inyvade the thymus. Injection of thymoma cells intra-
venously into closely related animals may result in the appearance of systemic
leukemia.

Systemic leukemia frequently is characterized by large lymph nodes, spleen,
thymus, and liver. There 1s considerable vanation in mouse leukemia from case
to case, both histelagically and eticlogically  Some investigators compare
mouse leukemia and human leukemia, since the same forms of lymphomatous
disease are seen 1n the mouse which are scen 1n the human species. I am
inchned to think that the disease is so similar in the two species that perhaps
we should not speak of mouse and Auman leukemia, but of the types, such as
granulocytic and lymphocytic

We have emphasized the thymus as a focus of ongin of leuherma  How-
ever, the mesenteric lymph nodes may become lymphomatous, and metastasis
to the Iner from such a lymphosarcoma may occur. It is to be emphasized that
leukemia 1n the mouse 1s quite varable. Considerable vanation may be en-
countered in hybrids, but the discase tends to be more uniform in inbred strains
of mice. On occasion, some question ariscs as to whether a lesion 1s hyperplastic
or neoplastic.  Some lesions of this type are not transplantable, and transplanta-
tion of mousc cells with progressive growth 1s a biologic test of neoplastic
activity. Kaplan recently showed that early in the genesis of thymomas they
may not be transplantable, whereas subsequently they transplant readily into
genetically sinular hosts  Chlorotic leukemia may prosve very valuable in test-
ing such agents as busulfan In chromc, granulocytic leukemia, mice may
have Jeukocyte counts as high as one million per cubre mithmeter and become
intensely anemc, and this disease may become acute terminally as i the human
subject.

In strain A, although highly susceptible to the induction of pulmonary
tumors, no leukemia was induced when methylcholanthrene was fed There-
fore, the pulmonary tissue 1» susceptible to the action of the carcinogen, whereas
the lymphaid and myelaid tissues are resistant  In the DBA strain, on the other
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ous stock developed leukemia, approximately 10 per cent remained leukemia-
free. The progeny of this 10 per cent, however, did develop Jeuhemia, the
incidence being 90 per cent, suggesting that the 10 per cent nonleukemic were
genetically similar to the 90 per cent which developed the disease.  Therefore,
1t was assumed that nongenetic factors were responsible for the nonappearance
of the disease in 10 per cent.

"The next most important step was the observation by Furth and Furth® that
leukemia may be induced in low-leukemia strains of mice by exposure to x-rays.
This was the first experimental demonstration that the disease may be induced in
ammals which otherwise remain leukemia-free. The unfortunate events in
Hiroshima demonstrate that ionizing radiations may induce the same disease in
the human species as well,* so that leukemia of mouse and man may have a
common etiology.

Mider and Morton,* in 1939, showed that the carcinogenic chemicals
which induce various neoplasms quite readily in mice may, in certain genetically
susceptible strains, cause the appearance of leukemia. This is further evidence
that levkemia in mice is a neoplasm; chemucals which induce obvious cancers
also mduce leukemia  Transpl studies also indi that leukemia of
mice is a ) because leuk in mice t )t as do the other neo-
plasms of this species

A third leukemogenic agent, estrogenic hormone, was discovered by
Lacassagne,” in France, and this work was expanded by Zondek, and by
Gardner and Dougherty*® mn this country. This finding is rather difficult to
reconcile with the possible etiology of the disease in man. However, related
steraids from the adrenal cortex may modify the progress of leukemia mn the
human species, so that there may then be some fundamental link between the
induction of leuhenia 1 mice by estrogenic hormone and the appearance of the
disease tn man

Recently, the development which has attracted the most attention is the
discovery of a possible biologic leukemogen, a filterable agent which can be ob-
tamned not only from leukemic tissue of mice, but also from the embryonic tissue
of high-leukemia strams  When this matenal was inoculated mto certain low-
leukemia strains, then the inadence i reciprents was higher than in controls.
Drs Gross and Woolley will discuss this work at length, and also Dr Syverton
has reported on the viral aspects of etiology

We have mentioned that leukerua may appear spontaneously or be in-
duced. I would like to emphasize that we cannot generalize about these agents
which induced leukemia, they are operatne depending on the genetic soil Not
all mice are susceptible to the mnduction of leukemia by carcinogenic hydro-
carhons, not all mice are susceptible to the mduction of leukemia by estrogemic
d not all mice develop leukemia spontaneously. Genes determine
Both genetic and nongenetic factors are involved

hormone, an
the response of the host.



1TIGLOGY OF LTUKEMIA 3!

The relationship of the chemical and physical leukemogenic agents (car-
cinogenic hydracarbons, esrogenic hormone, and ionizing radiation) to the
virus remains o be determined. Do these nonviral agents merely act by way
of a filterable agent? In other words, is a filterable agent the mediator for the
carcinogenic hydrocarbons and x-irradiation?

Thymoma {lymphosarcoma) of the mouse has attracted considerable at-
tention hecause extirpation of the thymus has reduced the incidence of leukemia
in certain high-leukemia «tacks, In strains of mice susceptible to the induction
of leukenua by carcinogenic hydrocarbons or x-ravs, thymectomy may also re~
duce the incidence of the induced disease  There 1s something definitely peculiar
about the thymus as far as the genesix of leukenmua is concerned, Perhaps the
enviranment provided by the thymus may be responsible for the leukemic trans-
formation of cells which mnvade the thymus.  Injection of thymoma cefls intra-
venously mto closely related animaly may result in the appearance of systemic
leutemia,

Systemic leukemia frequently is charactenzed by large lymph nodes, spleen,
thymus, and lner. There 1s considerable variation i monse leuhemia from case
1o case, both hitologically and etwologically  Some insestigatars compare
mouse feukemia and human feshemia, since the same forms of lymphomatons
disease are scen i the mousc which are sten 1n the human species, T am
inclined 1o think that the dicease 15 0 simlar n the two species that perhaps
we should not speak of mouse and Auman leulemta, but of the types, such as
granulocyue and fymphocytic

We have emphaazed the thymus as a focus of ongin of leukemia  How-
ever, the mesenten« lymph nodes may become lymphomatous, and metastasis
1o the Tiver from such a lymphosarcoma may occur It is to be emphasized that
leakemia 1n the mouse 15 quite vamable. Considerable variaton may be en-
countered 1n hybnds, but the disease tends to be more uniform 1 1abred strams
of mice. On occasion, some question arses as to whether a lesion 1s hyperplastic
or neaplastic.  Some lesions of this type are not transplantable, and transplanta-
tion of mouse (ells with progressne growth 15 a buologic test of neoplastic
activity. Kaplan recently showed that carly in the genesis of thymomas they
may not be plantable, whereas quently they plant readily into

genetically similar hests Chlorotie leukemia may prove sery valuable in test-
ng such agents as busulfan  In chronic, granulocytic leuhemia, mice may
have leuhocyte counts as lgh as one mllion per cubic mulhmeter and become
mtensely anemic, and this disease may become acute termunally as in the human
subject

In strain A, akthough highly suscepvible to the induction of pulmonary
tumers, no leukemia was mnduced when methylchotanthrene was fed. There-
fare, the pulmonary tissue 1s susceptible to the actron of the carcinogen, whereas
the lymphoid and myelod nssues are resstant In the DBA strain, on the other
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hand, another highly inbred strain, feeding the same carcinogen results in the
induction of leukemia, whereas pulmonary tumors are not induced, This sug-
gests that the target tissue determines the response to the leukemagen  Gene-
determined, systemic metabolism of the carcinogen does not determine leukemo-
genesis, but something within the tissue itself does. The site of gene action 15
thus the target tissue, Examination of multiple tumors in the mammary
glands of strain A mice, carcinogen-induced, reveals hundreds of foci where the
carcinogen acts, but the lymphoid tissue does not respond at all.

Experiments to illustrate that the site of gene action is in the target tissue
arc of interest. The Bagg, albino strain is susceptible to the development of
pulmonary tumors if urethan is gnen, urethan beng the carcinogen. The DBA
strain 1s urethan-resistant. Only an occasional tumor nodule appears. If the
two strains are crossed, a susceptible Fi hybrid results, this host being susceptible
to the induction of pulmonary tumors. Prior to the administration of urethan,
the pulmonary carcinogen, normal lung tissue from newborn mice of the sus-
ceptible parent stock, was grafted into the subcutaneous tissue of one ear, and
newborn lung tissue from the resistant parent strain into the other ear. Thus,
in an Fi, hybrid host susceptible to the induction of pulmonary tumors were nof-
mal lung tissue grafts from susceptible and resistant strains. After the grafts
had taken, the animals were given the carcinogen. Tumors appeared in situ
in the host, and m the susceptible tissue grafts (12 of 17). One small nodule
was seen in a single, resistant, tissue graft (1 to 17). This illustrates that the site
of gene action 1s 1n the target tissue and that the host, in this case susceptible,
did not alter the resistance of the resistant tissue.

The same principle holds for leukemia, Law has crossed mice with a
high ncidence of leukemra to those n a stram having a low incidence of
teukerma 1o obtamn F, hybrids which were thymectomized Removal of the
thymus inhibited the development of leukemia, although these F: hybnds
were otherwise susceptible  If thymus from the high-leukema parent stoch was
grafted mto F: hybnds early mn bfe, then the Fy hybnds developed leukerma
On the other hand, if the thymectomized, Fi hybrids recenved grafts from the
low-leukemta strain, then leukemma did not develop ® He then transplanted
the leukenic cells which appeared  If the leukemta had arisen from the thymic
graft of the parental stock, then this leukemia should have been transplantable
not only into the parental stock from which the tissue came, but uho nto Fy hy-
brids The latter was the case. In other words, on the basis of transplantation
experiments, Law had excellent evidence that the leukemic cells origmated not
from the thymuc graft, derived from the high-leukemia stram, but from the F,,
hybrid host. Histologic examnation revealed that the grafted thymus was
reconstituted by infiltration of cells from the host. Although 1t did not become
leukemic, the grafted thymus induced leukemic transformation of host lym-
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phocytes which had insaded the graft. In other words, the gralted thymus of
the high-leukemia strain represented a leulemia-promoting environment.

Kaplan and asociates™ found that thymectomized mice do not devclop
feukemia following irradiation because the thymus has been extirpated. 1f the
thymus is grafted into these animals after jrradiation, then leukemia develops,
indicating that the thymus responds to some secondary factor following x-r-
radiation. This demonstrates that expouse of the thymus itsell to x-rays is
not necessary for the induction of leukemia.

Approdmately £0 per cent of mice of the C58 strain deselop Jeukemia
<pontaneously. If thee animals are fed methylcholanthrene, leukemia oceurs
no catlier, and the incidence is ultimately no higher than spontaneowsly. In
other words, although the animals are susceptible to spontaneous levkemiz,
they do not tespand to the leukemo action of the carcinogen. Susceptibifiny
ta the <pontancous derelopment of feukemia doss not imphy susceptiabyy to
the Jeukemogemc action of the carcinogen. Although a low-leukemia sram,
<ome leukemnia does appear in DBA mice, more 1n the female than in the male
ammals. When this strain recanves methyleholanth cither by skin-painting ar
feecing, leukemia develops.  Eighteen skin-painungs were given over a period
of stx weeks to a gmup of DBA mice. When the dose of carrinogen was low,
then the ibited the induction of leukerma  H, however. the dose
of mcthylchclamhrmc was doubled, then thymectorny did not whibit Jenkemeo-
genesis. It would appear that the thymus is preferenually susceptible to the
feukemogenic action of methyicholanth but other lymphoid tissue s quite
susceptible when Jarge doves are gnen.

If a strain of mice 15 suseeptible to the independent leukemogenic actian
of rertain agents, and if these agents are given in combination, leukemia appears
earher and wm h‘ghcr madence.  When whole-bods. xarmadation, 200 1. was

d with 3 »g estradiol di estrogen, weekly after x-ir-
radxauon, leukemia appeared carl(cr n Balb ¢ mce, and the incidence was
hugher than f the agents were administered independently.  The thimus was
the primary site of response To demonstrate the speaficity of this synergism,
muce of this strain were given methylcholanthrene Ouce of 333 muce, onlv 6
derelaped thvmomas, whereas 18 of 48 mice which recesed the <ravs plus
estrogen deseloped thymamas

Age has a strking mf on suscepuibnlity to leuk genic action Most
“tramns are susceptible to tenkemogeme agents only of they are treated eatly in
e In the tugh-feukemia C38 strain, we see that leukermia appears earlier in
female than in male mice, but the ulimate mcidence 15 not much different
Three different cromes were made between the tugh-leukemia €58 strain and
three low-feukemua trams, the CBA, C57, and NH, all of which are low-Jeu-
hemta strams  The feukemias appeared in female mice eatlier than in male
mue n afl crosses. The age of occurrence of leukenua m hybrids is much later
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than in the pure C58 stock. The F: hybrids have a longer Itfe expectancy and
develop lcuhemia late in hfe. In reciprocal crosses between the C58 and NH
strains, leukemia appears Iater in Iife 1f NH female rather than male mice are
used.

In our laboratory, the work of Woolley on effects of cortisone on leu-
kemogenesis has been confirmed.  High-leukenua C58 mice werc given large
doses of cortisone at monthly intervals for several months beginning at 2 months
of age. Although the ultimate incidence of spontaneous leukemia was the same,
leukemia appeared significantly later in life  Cortisone inhtbited induction of
leukemia by methylcholanthrene

MacDowelf found that if C58 female mice were foster-nursed by animals
of the StoLi strain, their Iife expectancy was greater Not only did these animals
Jive longer, but also the incidence of leukemia was Jower. A factor in the breast
milk reduced the mncidence of Jeukemia

We think of carci as initiating leukemogenesis. We do not think
usually of carcinogens as having any effect upon the host. If the Gardner
lymphosarcoma of C3H origin 15 transplanted within this strain, growth is
progressive 1n 100 per cent of the recipients,  If, howeyer, this lymphosarcoma
of C3H origm is grafted into a foreign strain, DBA, there is temporary growth
with regression, and then the animals resist transplantation. We have done
this as many as eleven successive tumes.  Alfter each inoculation of lympho-
sarcoma tissue, there is absolutely no growth The animals appear to be
per ly It mice were skin-pamnted with methylcholan-
threne, and then challenged by tumor moculation, growth was progressive in
one-thurd of the ammals  After growth in methylcholanthrene.treated DBA
muce, the progressively growing tumor transplants as 1t did originally, indicating
that there is no change i the tumor 1tself, but more hikely a change in the host
as a result of treatment with methylcholanthrene.

In summary, we can sav that genetic factors mfluence the deselopment of
spontaneous and induced mouse leukemia, Leukemogenic agents include jon-
1zing radiation, chemucal carcinogens, and estrogeruc hormone  Certain influ-
ences, for example, admimistered cortisone, may modify the growth of leukemic
cells, although mtiation of the disease is not mhibited  Other factors actually
may inhibit leukemogenesis (caloric restriction, administered androgen, thymec-

tomy})

DISCUSSION

Dr Buroerte: Dr. Sprague, would vou comment on similarities between
leukermas in mice and leukemias m man®

Dr. Spracue- I thought there was striking sumiarity bcm:ccn the mor-
phology of leukemia m these animals and what we see in man This seemed to
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be particularly true of the acute lymphocytic and chronic granulocstic leukemia
that Dr. Kirschbaum showed.

Dr. Burcnexat: That was strongly evident. Was the leukemia shown the
type tendmg to respond to arcnic”

Dr. Kirscunaunm:  Yes, if we transplant chronic granulocytic leukemia
and administer ar<enite, in <ome instances we may actually prevent the growth
of the transplanted cellv

Dr. BurcnienaL:  In other words, one might say morphologically and bio-
chemically 1t resembles the granulocytic strain in man. Arsemc would affect the
chronic discase in man as well

Dr KirscupauMm: That is nght.

Dr. TitL: Did T understand jou to say that transplanting this chronic
granuloleukemic disease turned it into acute leukemia?

Dr Kirscusaus: That is the impression we had, judging from the mor-
phology. In certain instances, there was a shift to the left just prior to death but
not imariably. It v true, too, that il we take one of these chronic leukemias and
transplant it many times so that it becomes more acute, then there 1s a progressive
shift to the left with less and less differentiation on passage through muluple hosts

Dr ScHrosser Do androgens have a similar effect?

Dr Kirscupaupm® In the case of methylcholanthrenc-induced leukemi
in DBA mice, the admnistration of androgen results 1n a decreased incidence of
mduced leuhemia, and castratton has been demonstrated in AKR mice to m-
crease the ncidence of spontancous leukeria  We alco have evidence that the
inaidence is higher in females than in males I would like to mention the work
of Kaplan and of Gardner on radiation-induced leukemia  The administration
of androgen prevents mduction At least, there 1s a markedly lower mcidence
m irradiated amumals that alw recetved androgen, mdicating that androgen is
antileukemic.  One thing that does disturb me 15 that I am not sure we have
been as careful as we should have been in controlling the weight of these amimals
In all this therapy one wonders about debilitating effects, whether calonc restric-
tion and inanition resulting from the admnntration of these agents 15 at Jeast
contributing toward the effect that 15 obtained  In cortisone-treated animals we
have observed some decline in weight after the administration of these rather
Yarge doses, although the ulimate weight may not be altered very much  Perhaps
Dr Woolley would like to comment on this.

Dz Woortey Using the strain AKR, we found that there was a depres-
sion 1n wesght after administration of cortisone which lasted almost two weeks,
followed by a gradual gam 0 weight untl the time of the next monthly treat-
ment, when the ammals were up to full weight If one prepared a curve of
weights immediately before therapy, there was no depression  If one prepared
a cune of weghts soon after treatment, then there was a depression m hods
weght, .
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than in the pure C58 stock. The Fy hybrids have a longer life expectancy and
develop leukemia late in life  In reciprocal crosses between the C58 and NH
strains, leukemia appears later in life if NH female rather than male mice are
used,

In our laboratory, the work of Woolley on effects of cortisone on leu-
kemogenesis has been confirmed. High-leuhemia ©58 mice were given large
doses of cortisone at monthly intervals for several months beginning at 2 months
of age. Although the ultimate incidence of spontaneous leukemia was the same,
leukemia appeared sigmficantly later in life. Cortisone inhibited induction of
leukemia by methylcholanthrene.

MacDowell found that if C58 female mice were foster-nursed by animals
of the StoLu strain, their hfe expectancy was greater, Not only did these animals
live longer, but also the incidence of leukemia was lower. A factor in the breast
milk reduced the mncidence of leukemia.

We think of carcnogens as initiating Jeukemogenesis. We do not think
usually of carcinogens as having any effect upon the host 1f the Gardner
lymphosarcoma of G3H arigin is transplanted within this strain, growth 15
progressive in 100 per cent of the recipients. If, however, this lymphosarcoma
of C3H origtn is graited mnto a foreign strain, DBA, there is temporary growth
with regresston, and then the animals resist transplantation We have done
this as many as eleven successive times  Alter each moculation of lympho-
sarcoma tissue, there 15 absolutely no growth. The anmmals appear to be
peri ly If mice were skin-painted with methylcholan-
threne, and then challenged by tumor inaculation, growth was progressive m
one-third of the ammals. After growth in methylcholanthrene-treated DBA
mice, the progressively growing tumor transplants as 1t did originally, indicating
that there 1s no change n the tumor 1tsclf, but more likely a change in the host
as a result of treatment with methylcholanthrene

In summany, we can say that genetic factors influence the development of
spontaneous and induced mouse leukemia  Leukemogenic agents include 1on-
1zing radration, chemical carcinogens, and estrogenic hormone  Certain mflu-
ences, for example, admimustered cortisone, may modify the growth of leukemic
cells, although mitiation of the disease 15 not inhibited  Other factors actually
may hibit leukemogenests (calortc restriction, admmistered androgen, thymec-

tomy).

DISCUSSION

Dr. BurosTTE. Dr Sprague, would vou comment on similarities between
Jeukemtas in mice and leukermas in man?

Dr. Seracue: I thought there was striking stlarity between the mor-
phology of leukenua n these ammals and what we see in man.  This seemed to
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agents.  For example, the right combination of cortisone and x-irradiation will
alter natural resistance of any species.

Dr. Kirschbaum, do you consider the agents, steroid hormones and x-irradia-
tion, provocative agents or causativc agents of leuhemia? 1f the various types of
leuhemia are distinctly different dicenses, one could suspect separable causative
agents.

Dr. Kmscupavst:  In a single inbred strain of mice, granulocytic and
Ivmphocstic leukemia may appear, One mas be secing different manifestations
of the same disease with the same proyocatise agent, or this may represent a strain
susceptible to the induction of leukemia by different agents, perhaps different
viruses.  Granulocytic leukemia, chronic in FB mice, never appears before 400
days of age; by treatment with carcinogenic hydrocarbons, the discase will appear
earlier. It so happens that this stramn s susceptible 1o the spontancous disease
and abo susceptible to carcinogenic induction. I do not know what effect estro-
genic hormane or x-rays would have. Is that what you have in mind?

Dr. Svvertox: The expericnces you cite are examples of extrinsic agents
influencing innate resistance.  Precisely what takes place when methvicholan-
threne, x-irradiation, or other extrinsic factor is operative is not known, but
each acts 3s a provocative carcinogenrc agent.

Dz. Kirscusaum: At this time T would ke to make a distinction between

d and aus leuk Dr. Syverton has mentioned resistance;
he lmplu:d that xhxs resistance 15 something directed both aganst the transplanted
and spontancous disease, and that x-rays and cortcone will facilitate or permit
the growth of human neoplasms in animals  Also, I Anow that Dr. Burchenal is
transplanting Ieukemta of other species into hamsters. To me, the important bio-
logical characteristic of leukemia Is its progressive growth. However, the spon-
taneous discase differs from the transplanted disease in that one can immunize
against transplanted, but not against spontaneous disease. 1 suspect that spon-
taneous mouse Jeukerma is more ke human leukemia than human leukeme celis
growing 1n a hamster

Dr. Borenenan:  In hamsters we have never succeeded in growing leu-

kemtc cells that we were sure were human, leukemic cells I agree that spon-
taneous leukerma m the mouse or 1 am other ammal 15 much more like spon-
taneous feukemua in man than transplanted leukerma, but, as Dr Kirschbaum
knows, it 1s easter to work with transplanted leukemia for certain technical rea-
sons  Such studtes are usuallv done with the hope that an analogy between the
behavior of transplanted leukemta m the mouse or in any other mammal and
human spontancous disease may be found. A great deal of my mterest is in acute
leuherma and transplanted Jcukemsas  As Dr. Kirschbaum has mentioned, no
matter how chronic tt max be i the mouse, the spontaneous disease usually tends
to become acute after a few transplant generations, and there has been some
similanty between transplanted leuhemuas.
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Dgr. Kirsonzaum: Have you depressed the body weight by restricting
caloric mtake? T think this should be done, and we have not done it.

Dr. WoorLey: We have not done that cither. You will recall that Dr.
Furth performed a caloric-restriction cxperiment, and caloric restriction pro-
longed the time of appearance of leukemia  Also, the ultimate incidence of leu-
kernia was probably reduced by caloric restriction alone.

Dr Kirscupaunm:  Of course, there is some difference in reducing the
body weight of animals by one-third temporarily and keeping them at
that level. Here we have a situation where there are fluctuations in body
weight, depression after cortisone, and return to what is considered to be a nor-
mal weight for the strain,

Dr. WoorLLey: It seems to me the hormonal factor can be separated quite
easily, Testosterone, a protein anabolic substance, has been used by us (unpub-
lished data) to reduce the incidence of leukemia in the high-leukemia strain,
AKR.

Dr. Kwzscreaua:  Another argument agarnst the caloric factor is that ani-
mals treated with estrogenic hormone mav look debulitated, but still develop Jeu-
kemia,

Dzx. WoorLey. I agree. Results must be compared experiment by experi-
ment and straw by strain.  In our experience, the inaidence of leukemia in the
susceptible, AKR strain has been reduced, althaugh an ncreased incidence of
leukemia in resistant ammals has been reparted. ACTH 1s a substance which
presumably acts by means of cortisone production, causing lymphoid tissue
destruction.

Dr Spracue: In acute leukemua, I would like to ask what percentage of
these animals show that change, and if a sinmlar change 1s seen following treat-
ment with either arsenic or urethan

Dr Kirscusavs® 1 cannot grve you any figures, but the important thing
15 that there 1s a relationship between chromic and acute leukemia, Invariably,
these chronic granulocytic leukemtas become acute if thev are transplanted many
times

Dr. Burperte  Dr. Syverton, will \ou comment on the action of leukemo-
gens in relation o host resistance?

Dr. Syverton. Among factors which mfluence disease irrespective of
one type are genetic make-up, age of the host, and hormonal balance  These
intrinsic factors determine natural, innate resistance as opposed to natural, innate
susceptibilty. For example, poliomyelitis and measles viruses are hughly infectious
for man, whereas an enormous amount of these viruses can be admmistered to

other species, such as dog or rat, without effect  Yet the ctinical mamfestations of
both diseases in man are influenced bv age, genetics, and hormones  Why is an
occastonal persen paturally resstant?  Natural resistance for man and other

<pecies 15 subject to experimental mantpulatson by using a variety of provocative



Ludsik Gros, MD

INFECTIOUS CONCEPT o LEUKEMIA

(Bisd on Recent Expermments on Cell-Frie Tranmsssion of Lewdemer i Micgf*

It has been suspected for mans vears that leuhemia developing “spontane-
ously" in vanous <pectes, including human beings, may be caused by transmissi-
ble viruses.  Thus far, howeser, this assumption can be confirmed experimentally
1 two species only, namely, in chickens and, recently, al\o n mice  Ellermann
and Bang (1908)%" were the first to that chichen leuk could be
transmitted by moculation of filtered extracts  The viral nature of mouse leu-
kemra was revealed 1n our laboratory several years ago * **  Filtered extracts
prepared from leukemrc muce of high-leukemuc strams, such as AK or C38, were
moculated into newborn muce of strains C3H, C3H ({}, or C37 brown,** which
are, for all practical purposes, frec from leuhemia  More than 30 per cent of
inoculated mice developed typreal generalized leuherma after a latent perrod
vaning from a few months to one and one-half vears (Fig 1) These results now
have been confirmed by Woolles and Small** at the Sloan-Kettening Institute.
In our experiments, the leukemtc agent proted to be highly specific, requinng
particular strains of nuce for moculation Thus, the Bittner substram of the
C3H hine proved to be susceptible, whereas the closely related National Cancer
Institute substrain of the same inbred line proved to be substantially mare
resistant **

*Aided in part by a grant from the Damon Runyon Memonal Fund
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With regard to Dr, Syverton’s question, Dr Furth tried to obtain myeloid
leukemias 1n the AK strain by performing thymectomy, followed by irradiation,
His idea was that since most of the leukemias were lymphatic, usually thymomas
in that strain, the incidence of these leukemias was reduced marhedly, allowing
the animals to live to an age when they might develop the granulocytic type of
leukemia if one removed the thymus,

Dr. Kirscupaun* I am not sure about the nature of the induction. Ido
know thymectomy has prevented the development of lymphocytic leukemia and
the muce lived to develop granulocytic leukemia, which suggests the genesis of
the granulocytic and lymphocytic disease is different, also the primary lacus is
1n the thymus in only one of the two

Dr Svverton: In their discussion, Drs Burchenal and Kirschbaum illus-
trated the influence of extrinsic and intrinsic factors upon the host As they
point out, a given host under influence by one or several modifying factors can
show widely vanable mamfestations of 1ts disease

Dr BurcuenaL: The other point to be brought out is that first or second
generation transplants from spontaneous leukemia probably are much closer to
the spontaneous form than those transplanted for several generations. Would
you agree?

Dr. Kirscupaun- T would indeed  MacDowell, in classical experiments,
demonstrated that one can mmmunize by njection of normal cells of certam
genetic type This immumzation 1s aganst transplanted levkemua, but not
against spontancous leukerma nor from the cells of a spontaneous case  In other
words, one cannot immumze agamst the first transplantation of leukemic cells
so that the first transfer generation would apparently be more like spontaneous
leukeria than 15 the usual transplanted disease

Dr Buroerte  Dr Gross, you speak frequently about the relation of
viruses to the etiology of leuhenua  Would you comment on the maternal resist-
ance factor m mulk which Dr Kirschbaum mentioned® Do you regard 1t as a
virus?

Dr Lupwis Gross I do not have enough information on this factor. I
would Iike to comment on the difference between spontaneous and transplanted

leukerma  First, I would ke to question the terminology “spontaneous™ because,
if the work which we are dong 1 correct, there 1s no such thmg as spontaneous
Jeukerma m muce Spentancous smallpos or spontaneous measles could then be
compared to spontaneous leukemia What we call spontaneous would be leu-
kenma naturally induced

Dr Kmscupaum  Thr is purely a question of terminology  If there s a
virus which is responsible for the development of leuhemia i mice without man’s

intersention, then virus leukemua 15 spontaneous leukemia
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Fig 1 —Leukemic infiltration of Iner  This C57_brown/ed, female, No 173, Exp
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TasLe T

InocuLaTiON OF FILTLRED (SELAs OR Berkereip) AK Leuxcmic Eatracts Into Newsory
3H or C3H (f) Mick oF Two SuBSTRAINs

HEATED EXTRAGTS

FRESH EXTRACTS (65° 10 68° ¢ ¥ me)

NUMBER NUMBER

NUMBER NUMBER DEVELOPED NUMBER DEVELOPED

INOGU- DEVELOPED PAROTID NUMBER DEVELOPED PAROTID

SUBSTRAIN LATCD | LEUKEMIA* { TUMORs* )INOGULATED| LEUKEMIA TUMORS
Bittner C3H 138 | 32 (23%) 24 73 0 T
Bittner G3H (f) 182 | 58 (329%) 9 93 2 4
Bittner total 320 90 (28%%) 33 166 2 3
NCI C3H (f) 162 7 4%) 9 45 0 0

*Aserage age, months  leukemia, 11, parotid cumor, 5

Recent experiments carried out in our laboratory, utilizing electron micros-
copy, ultracentrifugation, and filtration through gradocol membranes, suggest
that the mouse leukemic agent is a particle having a diameter less than 100 mp ©

Taste 11

Baste Dirrenences BETwrEN Leunemia TRANSPLaNTED (3v Ceri GRAFT) AND INDUCED
v INOCULATION oF CELL-FREE® LXTRACTS)

’ RESULTS OF INOCULATION INTO

MIcE OF
SUSCEPTISLE LEUKEMO-
FOREIGN STRAIN GENIC RESULTING
THE SAME (c3r or 57 [ incusa- | Tumor AT | LEUREMIA
STRAIN (Ak) | mrown) | mon SITE OF GANBE
NEW- NEW- TIME INOCULA- TRANS-
BORN ‘ ADULT BORN ADULT | MONTHS TION PLANTED 7O
Transplantation | Positive | Positive | Posive | Negavve| Y4 to 1 | Usually | Donor
of leukemic present stram
cells
Tnoculation of *t Negative| Positive | Negatne| 3 to 24 Absent Recipient
cell-free* AK stram

leukemic agent
*Centrifuged 7,000 ~ g or filtered

{Posubly accelerated development of spontaneous lewkemta Sufficient experymental information mot yet
avaulable

Tastr IIT

TRANSPLANTATION OF LEunemic Ceir Suspenstons (From Srontaneous, TRANSPLANTED,
or INpucEp LEUkEMIA InTo AputT Mice oF AK anD C3H Stramns)

RESULTS OF INOCULATION OF

LEUKEMIC DONOR ADULT REGIPIENT MICE
DONOR ORICIN OF DONOR STRAIN AK STRAIN c3H
AK Spontaneous Positrve Negative
C3H Inoculation of AK leukemic cells* Positive Negative
C3H Inoculation of cell-free AK agentt + Negative Positive

%AK leukemre cclls gralted nto newborn C3H mice cause Jeukemia in two to three werks

tFollowing anoculation of cellfiee AK extracts into newborn C3I muce, leukemia deselops after three to
twenty four months

Among the C3H or C3H (f) muce that have been moculated 1n our labora-
tory with filtered leukemic extracts, some developed tumors of the parottd glands
and/or subcutaneous fibromyxosarcomas mstead of leukermia (Figs 2 and 3)
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AK leukemic extract  As a result, this mouse deyelo,
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T LA

Fig 2 —Parotid gland tumor This G3H male, No 363, Exp 2709-C was inoculated
when less than 15 hours old with a centnfuged (7,000 x g) AK leukemc extract, diluted
1100  As a result, this mouse developed bilateral parond gland tumors at 4 5 months of age
{ lin and eosin L <315 )
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cstracts prepared from mouse leuhemic tissues were inoculated into newborn
iice of susceptible strains, conecivably leukemic cells contain several distinct
oncogemc agents in certain forms of leuhemia in mice. The fact that mixing
the leukemic extract with ether® destroyed Jeukemogenic potency, leaving
unchanged the extract’s ability to induce parotid tumors or sarcomas, is consist-
ent with the assumption that the leukemic extract contained several oncogenic
agents and that the leukemogenic agent in such an extract was more labile and

Tanee VII
Inocuramios oF Lrnex-TREtrd Lrunrac Extracts Into Newsors C3H ox
G311 {f) Mice
NUBER DEVEL-
\UMBER OF | \UMBTROF Mtcr | NUMDERDFVEL- | OPFDFAROTID | NUMAFR DEVEL-
EXPERIMFATS | INOGULATED _|_OPED LEUKFMIA TumoR opED saRCOMA
53 1 [3 2

*Chton ¢ form of leukemia

therefore destroyed by the action of ether in vitro. Should the latter assump-
tion prove to be correct, the presence of several oncogenic agents in the leu-
kemic extract may not be due to a mere accident alone,  Whateser the theoreti-
cal interpretation, the fact remains unchanged that leukemta 1n muce of either
the AK or €58 high-leukemic lines 1s caused by a filterable and thermolabile
agent which is transmutted under natural conditions of hfe from one generation
to another directly through the embryo  Mouse leukemta, ike chicken Iympho-
matosis, appears, therefore, to be an egg-borne virus disease

DISCUSSION

Dr. Kirscupaunm:  Dr Gross, you emphasize the fact that the virus must
be introduced soon after barth if leukemogenesis 1s to proceed  How do you rec-
oncile this with the fact that leukemia may be induced 1 mature ammals of
low-leukemta stocks by the ad of ¢ X125, or
hormones® In those situations, do vou believe there 1s a virus available which
mediates the action of the carainogen?

Dr. Gross It s very diflicult to answer thic question  I'suspect that the
leukemic agent 1s widespread, perfectly adapted in the host, causing no symp-
toms unless activated by such factors as x-rays or carcmogens

Dr, BurcieENAL® Dr Gross, you sav that you think this virus 1s probably
widespread  In what other strans of mice have you found 1t besides the AK
and €58 Has 1t been demonstrated m other hnes of leukemic or nonleukemic
mice?

Dr Gross  Thus far [ have been able to recover the agent only from AK
and C58 mice

Dr. Burcnenar, Hase )ou lncd DBA muce? For instance, the DBA strain
has 2 fairly low d of I but leuk 1s readily induced with
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}thn cell-free, centrifuged or filtered extracts then were prepared from the
induced parotid tumors or subcutancous sarcomas* and inoculated into new-
born C3H mice, cither parotid tumors, subcutaneous sarcomas, or leukemia
resulted. This immeduately raised the question whether filtered extracts pre-
pared from leukemic AK or C58 donors contain a single agent capable of caus-
ing different types of tumors, or whether they contain a mixture of oncogenic
agents.
Tante 1V

Inocurarion oF Cetr-Free Exrracts From Inoucen C3H Leukesuas Into NEwsors
C3H anp C3H (f) Mice

NUMBER NUMBER NUMBER
NUMBER OF | NUMBER OF MICE DEVELOPED DEVELOPED DEVELOPED
. . [ '
1Four develaped spindie-cell sarcomas alo
Taste V

InocuLAtion oF Crii-Free Extracts Frow Inoucen Panorid Tumors Into NEwsors
C3H ano G3H (f) Mrce

NUMBER NUMBER NUMBER

NUMBER OF | NUMBER OF MICE DEVELOPED DEVELOPED DEVELOPED

EXPERIMENTS INOCULATED LEUKEMIA® PAROTID TUMOR* SARCOMA®
38 300 49 23t 28

*Average age, months

Ieokemia 14 parotid tumor, €, sarcoma 15

dvena] Ot these, & developed parotid tumors and spindie-cel sarcomas, 2 deseloped parotid, submaxflary, and

Tase VI
Resurts oF INocULATION oF CeLi-FRee Sarcoma ExTracts InTo Newsory C3H or
C3H (I} Mice

AVERAGE AGE

NUMBEROF | NUMBEROP | NUMBEROF | LEUKEMIAOR

NUMBER OF | NUMBER OF | MICEDEVFI- | MICEDEVEL- | MICEDEVEI- | TUMORS DE-
EXTRACTS | MIGEINOCU- | OPEDLEU- | OPFDPAROTID |  OPED saR- VELOPED
PREPARED KEMIA TuORS conas (o tis)

36 | 316 8 | 6 | 9 ! 7

It is concewvable that a single oncogemic agent can tnduce different types
of tumors as well as leukemia  On the other hand, 1t 1s also possible to assume
that leukemia or certain other neoplasms contamn several distinct oncogenic
agents  Only one agent may be pathogenic at a given time, even though the
others also may be present in the same tumor  This would explain why parotid
tumors or sarcomas could be induced with leukemic extracts, and why, when
Graffi and his co-workers*” prepared filtered cell-free extracts from certain trans-
plantcd mouse tumors, such as the Ehrlich carcioma, and moculated them into
newborn mice, leukemia resulted

Since tumors other than leukemia, such as parotid carcmomas or subcuta-

neous ﬁbromyxosarcomas,“ have been induced consistently when cell-free



INITCTIOUS CONCLPT OF LLUKIMIA 45

extracts prepared from mouse leukemic tissues were jnoculated into newborn
mice of susceptible strains, conceivably leukemic cells contain several distinet
oncogenic agents in certain forms of Jeukemia in mice. The fact that mixing
the leukemic extract with ether* destroyed Jeukemogenic potency, leaving
unchanged the extract’s ability to induce parotid tumors or sarcomas, is consist-
ent with the assumption that the leukemic extract contained several oncogenic
agents and that the leukemogenic agent in such an extract was more lahile and

Taste VII
Inoctiatios of I:nu--T-:Ann Lruxesie Extascrs Ixro Newsoas C3IF ox
t(f) Mice
NUMBFR DEVEL-
\UMBTR OF | NUMBEROF MICZ | \UMRFHDFVEL- | OPED PAROTID | \UMAER DEVEL-
expearuests | moculATID | orprrexesma TUMOR orep sarcoma
6 53 [ ! 3 2

*Chrome form of leukernia

therefore destroyed by the action of ether 1n vitro,  Should the latter assump-
tion prove to be corsect, the presence of several oncogenic agents in the leu-
kenuc extract may not be due to a mere accident alone  Whatever the theoreti-
cal interpretation, the fact remains unchanged that Jeukemia in mice of either
the AK or C58 high-leukemic Iines 15 caused by a filterable and thermolabile
agent which is transmitted under natural conditions of Life from one generation
to another directly through the embryo  Mousc leukemna, hike chicken lympho-
matosts, appears, therefore, to be an egg-bome virus disease

DISCUSSION

Dr. Kirscrpaust:  Dr. Gross, vou emphasize the fact that the virus must
be mtroduced soon after birth if leuhemogeness 1s to proceed  How do you rec-
onaile this with the fact that leuherma mav be induced in mature ammals of
low-leukemta stocks by the admunistration of carcnogens, x-rays, or estrogenic
hormones® In these situations, do vou belicve there 1s a virus available which
mediates the action of the carcinogen”

Dz Gross Itisven difficult to answer this question I suspect that the
leukemic agent 15 widespread, perfectly adapted 1n the host, causing no symp-
toms unless actinated by such factors as x-rays or carcinogens

Dr. Burciesar.  Dr. Gross, vou say that you think this virus 1s probably
widespread  In what other stramns of mice have you found it besides the AK
and C58> Has it been demonstrated in other hnes of leukemic or nonleukemic
mice?

Dr Gross  Thus far I have been able to recover the agent only from AK
and €38 muce.

Dr Brresievar. Have vou tnied DBA mice® For instance, the DBA stram
has a fairly low incidence of leukemia, but leukemia is readily nduced with
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methylcholanthrene. Therefore, if the virus must be present for the mduction
of Jeukemia by a physical or chemical agent, it should appear in the strain, On
the other hand, if the virus 15 only an additional carcinogen such as wrradiation
or methylcholanthrene, any one without the other would work  Your hypoth-
esis could thus be tested very well if you could demonstrate there is a virus
present in DBA mice

Dr. Gross: I have not performed experiments with DBA mice.

Dir. BurcnenaL: I wonder whether leukemogenesis is dependent always
on the presence of the virus, or can onc agent cause 1t without the other: methyl-
cholanthrene without the presence of virus, exposure to x-rays without the pres-
ence of virus, or the virus without the presence of, shall we say, cosmic rays or
<ome other factor.

Dr. Gross. Much additional work is required before this can be answered
adequately.

Dr SyverTon: You referred several ttimes to the use of temperature for in-
actnation  Have you attempted to usc graded temperatures for differential sep-
aration to learn whether vou are dealing with one agent or three distinct agents®
It seems reasonable that muitiple agents should be separable by a temperature
differential for nactnation,

Dr Gross* Yes Such studies are in progress

Dr. Svverton: Do I understand that a temperature of 80° is required to
inactivate all three viruses or agents®

Dr Gross. Almost complete macti ation 1s obtained by heating to 65°-
68° C for thirty minutes However, parotid tumors occasionally may be in-
duced with heated extracts

Dr. Kmescuaum  Although you did not mention 1t today, Dr. Gross, vou
have taken adult C3H tissue, that is, tissue from a low-tumor strain and made
extracts of that adult tissue, mjected 1t mnto the newborn of the same stram, and
obtamned parotid tumors  How do vou explam this on the basis of viral ctiology?
A sccond question 1s whether parotid tumors can be induced by the admimistra-
tion of cortisone alone

Dr Gross It 1s truc that, i a small number of animals, tumors may be
induced by mnjecting C3H mice with extracts from normal C3H or normal C57
brown mice I assume that the parotid tumor agent 1s present in many strains of
muce However, 1t 15 probably so adapted in the host that it causes no disease 10
the carriers  If cortssone 1s apphed, one may occastonally mduce parotid tumors
1 <uch hosts  Following a blind transfer into newbom muce, one can oceasion-
ally also induce such tumors

Dr Kizscusaunt I am still cunous  H yvou can obtain parond tumors

by mjecting adult C3H extracts, and if you feel these tumors appear onby because
\au mtroduce the agent mto the newborn, how can the agent be there? The ani-
mal does not develop the tumor unless you provide the agent, These are ammals
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that have not been injected with the agent, and yet you are able to extract from
their tissue something which induces the neoplasm, It would seem to me that
the element of nonspecificity enters here. Do you really have reasen to believe
this tissue has the agent?

Dz. Gross: Dr. Swverton, would sou care to comment on this?

Dr. SyverToN: The problem as presented suggests that Dr. Gross is em-
ploving an approach which has been ued not uncommonly to demonstrate the
presence of a latent agent.  That approach is to use a provocative injection or
implantation of forcign material, such as tissue, starch, or chemical, to lower host
resistance to a point where overt evidence of cell injury by the infectious agent
is shown by chnical disease.  Actually, I am arguing both for and against Dr.
Gross’s pomnt of view here.  For example, if the agent respon<ble for any one or
more of the three tumors you describe sere present as an indigenous, latent, virus
infection, any inoculation may have served as provocative agent

Dr Gross: I asume that one can induce tumors in mice by blind pas-
sage  Now, in the case of the parotid tumar agent in C3H mice, let us assume
that many, perhape all, C3H mice carny a <mall quantity of parotid tumor agent
of low pathogenic potential  Such low patential will not induce parotid tumors
spontancously. Howerer, if one tahes G3H normal tissue containing such an
agent and injects it into a newborn mousc, its potential may be sufficienty -
creased to induce the disease in the injected host,

Dz. BurbeTTE"  Are you saying, Dr Gross, that ths is a quantitatne and
not a speaific phenomenon—that the agent exists in all vour ammals, and when
you inoculate them with extract, you are merely mcreasng therr quantiry?

Dr Gross  You mcrease the pathogenic potential of the agent.

Dr Buroetre  Would vou define “pathogenic potential™?

Dr. Gross: By passing sirus from one host to another, potency to mduce
disease is very often mcreased

Dr. BurcHExaL. Does not such passage result in the enhancement of the
virulence of the virus, presupposing recipient and donor are stmitar?

Dr. Syvertox  There are scveral factors

Dr Kimrscueauy  C3H muce, according to vour hypothests, develop
neither leukemia nor parotid tumors because they do not have the agent  They
develop these diseases tf sou mtroduce the agent from another strain at birth
The thing 1 do not understand 1s how ou ¢an obtam this agent for inducing
parotid tumors from adult C3H muce It would seem to me if such an agent for
Pparotid tumors can be obtained similarly, vou might obtain an agent for leuhemia

Dr WoorLey  With the permission of Dr Gross I would like to discuss
this matter  We have used cortisone for chronte treatment of stramn C3H mice
and obtamed parotid gland tumors  Both C3H mmce from the Natonal Cancer
Institute and C3H mice from Dr Gross's laboratory were treated with cortisone
In the latter case, we sccured a few parotid gland tumors, and we did not obtain
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these tumors in the former,  Apparently, the Bittner (Gross) sublne is carryng
a small amount of parotid tumor virus, and the other one, the NCI subline, is not.
The amount of virus carried without concentration by inoculation into the new-
born is probably not enough to lead to expression by tumorigenesis unless corti-
sone is used.

Dr. BurberTe: In any discussion of the interrelation between genetic sus-
ceptibility and the presence of viral particles within the cell, careful distinction
must be made between the two. Attention so far has been focused on the exist-
ence and dosage of such particles within normal cells.

Dr. WoorLey: Yes, some clarification is in order. Dr. Gross has just
reported induction of leukemia in strains usually having a low incidence Per-
haps the strain with low incidence will not casily support the lenkemia virus gen-
eration after generation. Otherwise, it would be a strain with high incidence.
An example of this would come from studies on the milk factor utilizing a stramn
with a low incidence of breast cancer, such as the C57 black stock which cannot
support the milk factor virus generation after generation, at least in a high enough
concentration 1o lead to mammary cancer

Dz. Kirscupaunt. Dr. Woolley, you are implying that the virus is ubiqui-
tous, present even in the C3H strain without being mtroduced from a foreign
strain, 50 some nonspecific factor, such as cortisone or something swhich is respon-
sible for the secretion of adrenal cortical hormone, will similarly induce the devel-
opment of parotid tumors,

Dr. Woorrey: In the first place, one must further define strain C3H.
Sublines may differ in character considerably. Skeletal variation within the
stram 1S one example

Dr Kirscrinaum: Do C3H muce not develop parotid tumors unless in-
Jected with extracts at oirth or unless they abtain corsone?

Dr WoorLey I do not know whether this 1s due to a resistance factor or
not The fact is that in this particular experiment, where cortisone was gnen
peniodically throughout hfe, parotid gland tumors occurred in one subline and
not an the other

Dr Kirscuzavm M the varis 1 there, how smportant 15 its introduction
at birth? Is this not a rather redundant procedure”

Dr. Gross It 15 vers miportant

Dr Burperre  If nny mterpretation of the opinions of the participants 1
correct, most of the panel seems willing to accept the evidence that a virus is one
of the factors which can be important in the euology of leuhemia m mice, but
several members are stll not quite convinced that this 1s alwass an essential fac-

tor req for the developi of 1




George W Woolly, PhD

FILTERABLE AGENTS PREPARED
Jrom LEUKEMIC TISSUE CAUSING
LEUKEMIA and OTHER CANCERS /v MICE=

During the past year, we have been investigating the relation of celf frac-
tions prepared from Jeukemic tissu entri and flirates—to the occur-
rence of cancer 1 nuce  These and other studies have been undertaken to help
tesolse the leukerma problem mto 1ts component parts and thus make its control
more precise.

The methods of fractionation and mjection have followed closely those
developed by Gross.®® Extracts of 20 per cent concentration prepared with
physiologic saline solation from leukemic organs were centrifuged at 3,000 r.p m.
for fifteen minutes, then at 9,500 rpm for ten minutes at 6° C. The super-
natant fluid was used for moculation or passed through a Selas 02 or 03 fiter
prior to use, Al extracts were kept at 0° C and mijected (003 ml ) subcu-
tancously within forty-eight hours. Newborn mice were used for ioculations,
and most ammals were fess than 12 hours old at the time of mocnfation. Fol-
lowing weaning, the mice were aged without breeding and observed for tumor
occurrence

The occurrence of tumors appeared to be modified by the type of prepara-
ton used and by the gene tics of the host receving the preparation OF 31 prep-

*Thus insestigation was supported m pars by a research gramt {CY-378%) from the
National Cancer Institute of the National Institutes of Health, Umited States Public Health
Service, and 1n part by o research grant from the Amencan Cancer Society (T-47)
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arations (20 of AKn/Gs origin and 11 of C3H:/Gs origin), a total of 13 (6
AKn and 7 C3H) were active in inducing leukemias, tumors of the parotid
gland, and sarcomas. The most active preparations were extracted from fil-
trate-induced tumors rather than from spontaneous tumors (Fig. 4). One such
preparation, a filtrate, induced 4 Jeukemias out of 5 moculated C3H,/Bi mice (80
per cent) and 10 out of 17 C3H:/Gs mice (59 per cent). More tumors ap-
peared in C3H¢/Gs and C3H¢/Bi hosts than in C3H,/Hu, C3H/Gs, and
C3H/Wy hosts.
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Fig 4 Section through liver of young (2 months) C3H f/Bi mouse which recened
005 ml fltered leukenme fissuc extract when newborn  Note leukemic cell mfiliratton
lymphocytic leukerma

Use of a supernatant fluid which was diluted with an amount estimated
to be 2 1 (2 parts of supernatant flurd to 1 part of saline), after 7,000 g cen-
trfugation, was followed by only parotud gland tumors and sarcomas—6 and 6,
respectively—among 17 C3Hy Gs mjected and 1 sarcoma among C3H Gs mice
mjected. In some mstances, parotid gland tumors and sarcomas occurred in
the same individual, but neither appeared with leukemua. Tumors arsing in
C3H muce were transplantable to other C3H nuce but not to the stramns of extract
origm—AKn, C58 and C57Brsed At the present stage of development, these
studies confirm the new and basic findings by Gross that preparations such as
those mentioned have cancer-nducing properties and that the mduced tumors
are of the reciptent rather than of the donor type.
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GRANULOGCYTIC DISEASE INDUCED BY FILTERABLE AGENT

A second area of study involies a filtcrable agent causing a mahgoant dis-
case of the hematopoaictic system thought to be granulocytic leukemia® (Fig. 5).
Normally, this virus-induced disease can be transmitted readiy to adult individ.
uals of the Swis strain but not to adult mdividuals of certain other strains.
Recently, we have been able to transfer this disease to the resistant C3H¢/Bt
strain by means of moculation of Selas porosity 03 filtrates into newborn C3H
mice. Followng this transfer, the discase has been pasied to both adult C3H//Bi
and adult Swiss mice by hoth cell and cell-free filtrate material.

S L L i

Fig 5 —Peroxidase reaction granules n stem ctﬂx 1 blood of Swiss mause treated as adult
with ltrate from spleen with “granutocytic leukemia

TREATMENT OF LEUKEMIC AND NONLEUKEMIC STRAINS WITH CORTISONE

Another study swhich relates to the problem mentioned concerns the oc-
currence of parotid gland tumors in cortisone-treated mice of both leukemsc
and nonleukemic strams. In our first studies,’ we used strains AKR, €58, and
a new strain developed by us following a cross between C58 and AKR  Both
C38 and AKR are high-leukemic strams which have been studied intensisely
by many imestigators In our study, treatment consisted only of Cortone
administered subcutaneously (1 mg. per day) for three successne days once
cach month throughout Iife, starting when the mice were ! month of age
Following this treatment, no parotid tumors onigmated n stram AKR, but they
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Fig 6 —Parotid glznd !umor mn d female mouse ded from ongmal mating

f C58 x AKR after inbreeding a few generations

Fig 7 -Section through pamud tumor of €58 AKR cortisone-treated fersalc moust
18 e F1ig 6)
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did originate i male as well as jn female mice of the other two strains A
total of 6 were observed—2 in strain C58 and 4 in strain C58 x AKR, or in 3.5
per cent and B O per cent of the expermental animals, respectively. (Figs. 6 and
7) None appeared in the control animals  The average age at autopsy with
this type of tumor was 11 months. The tumors were, in most instances, first
observed at a somewhat younger age  More recently, these rare parotid gland
tumors have been observed in our Cortonestreated C3Hi/Gs mice, but not m
C3Hi/Hu  The results show that perodic treatment with Cortone has brought
out a rare type of tumor in the mice mentioned, a type of tumor similar to that
observed following treatment of newbern mice with leukemic tissue extracts
and certain other cell-free preparations

DISCUSSION

Dr Svverton: The significant experimental findings summarized by
Drs, Woolley and Gross do not eliminate for a virologist the possibility that Dr.
Gross's three tumors originated from three distinct agents which T would like
to believe are virnses.  Use of tissue transler or cortisone could evoke a small
percentage of tumors for a carner stran of mice. Certam strams undoubtedly
are free of tumor viruses, others may mamtan viruses mn the carrier state
When a mouse is made highly susceptible from genetic background and hormonal
influence, tumors appear  Tihus sort of host-range response applies to all virus
infections  For example, the occurrence in mice of mammary tumers m from
L'to 5 per cent of a homozygous stoch indicates to a virologist a latent or carrier
nfection with mouse mammary tumor virus  X-rradiation, cortisone, tissue
implantation, or almost anything can senve as a provocative agent. A most
effectne means for erastng genetic resistance and inducing receptivity is the
purposeful use of cortisone and d sigh or m These
commerts are all bastc questions for Dr Woolles and Dr. Gross to answer.

Dr. WooLLey: Answering sour last question first, the C3H/An (National
Cancer Institute) subline, which seems to be strain resistant to leukemia, may
be taken as an example  Leukemta has occurred only a few tames in this sub-
linc and only from extracts which we considered very potent. Perhaps with
the addition of cortisone ar x-irradation an increased number of tumors will
be found,

Dr Syvertov: That experiment should prose extremely nteresting, partic-
ularly if cortisonc or irradiation 1s employed  We have learned, for example,
that these two agents 1n combination can ehait evidence for a varety of in-
Tectious agents i hosts otherwise resistant.

Dr Buroerte: In such an experiment, how does one separate alteration
of the mechantsm of immunity, direct action on the virus, and posable carcino-
genic properties of the agent itself, such as irradration?
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Fig 6—Paroud gland tumor 1n cortisone-treated female mouse descended from onginal mating
of (58 « AKR after mbreeding a few generations
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Dr. Kiscupavs:  May I ask ene more question? Have you injected
extracts of embryo from strains other than the C38 or AKR, and, if so, what has
happened?

Dr. Gross: Nothing, other than the occacional appearance of parotid
umors,

De. Serague: I would Ike to ask Dr. Woaolley a question concerning his
interpretation of results with animals treated with cortisone. If cortisone is an
agent which facilitates vtral multiphcation ard at times actisates latent viruses,
one could anticipate that leukemia may occur at an earher time or perhaps in a
higher percentage of such animals. Cortisone alsa has a striking Iytic effect on
hinphoid tiwue, however, and perhaps this 1s the explanation of his results. I
would appreciate his comments concerning this

Dr. Woortey: Corticone is destructne and harmful to Iymphoid tissue,
whether it be normal or tumorous 1 would interpret the result as due to retard-
ing or regressing influences an hmphaid tisue by cortisone.  This 15 1n contrast
to findings for the parotrd gland, where we know of no real effect of cortisone. Is
that what you had in mind?

Dr. Spracee.  Yes

Dr. Burperte: Dr. Woolley, do vou have ans results to indicate that the
maternal resistance factor 1s an agent stmilar to these viral agents under dicus-
sion, but with the opposte effect”

Dr Woortey. [ have no results

Dr. Buroerre: Dr Syverton, would you comment on superinfection of
viruses and competition between two separate particles of this type?

DR, Syverton. When imvasion or infection of cells 1s hnuted to two viruses,
both present 1n adequate numbers, competstion must oceur.  Failure or preven-
tion of mfection by one of these viruses 1s known as mnterference.  This capacity
of one virus to act as an mterfering agent for a second virus 1s a temporal rela-
twonshep Itmited to davs

Dr Buroerte: Dr Woolley, would you comment on the incidence of leu-
kenna among mice with mammary tumors, and vice versa®

Dr. Woorrey  The results which I presented, showing that leukemia did
not occur with mammary tumors, may be mterpreted as competition between
tumor-inaiting agents, or on the basis that the sublines had been separated for a
number of generations Among our mbred, wumor races, we do not have Jeu-
kemia competing with breast cancer, or vice versa These diseases of mice scem

1o be well separated bv nature

Dr Syverton  Is the mhibrtor to which you refer labile and mactivated
by heat®

Dr. Woottey  Yes
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Dr. Syverton: These remarks are in continuation of the comments 1
just made. I assume that irradiation served as a provocative agent in contrast
to the tumor-inciting agent or causative agent, virus or otherwise, already in
the host.  Activation can be effected by altering the host, For example, to cite
our recent experiences, treatment of monkeys by use of irradiation and cortisone
in combination revealed pohomyelitis virus in the vaccine responsible for the
Cutter mcident, while failure resulted from all other procedures for demonstra-
tion of polio virus.

Dr. BurpeTte: In an ordinary type of viral infection, though, the result
of the viral, infectious disease 15 not produced by either the cortisone or the irradi-
ation

Dr Syverton. I did not make myself clear, Treatment with cortisone
and x-irradiation falls mto two categories: (a) treatment to alter or abrogate
natural host resistant to an infectious agent and (b) treatment for release of
virus already present m cells. It would seem that the demonstration of tumor-
provoking agent(s) in the C3H Bittner subline could be in this last category.

Dr Kirscusaus: Has leukeria appeared in C3H mice that have been
injected with parotid tumor extracts from nonleukemic mce®

Dr Gross: No.

Dr. WoorLEy I have not had this experience cither.

Dr. Kirscisavm:  Has leukema appeared in C3H mice that have been
injected with normal, embryontc tissue of high-leukemuc strains?

Dz. Gross. These extracts were prepared from mice of leuhemic strains

Dr. KikscrBaus  Leukemia has also appeared, accordmg to the work of
Graffi, 1n nuce which have been mjected at uth with extracts of the Ehrlich,
ascites tumor  Parotid tumors have appeared m C3H mice injected at 1 day of
age with normal adult C3H ussue  Now, the question I would lke to raise 15
this  Has leukema appeared in C3H mice inected at 1 day of age with normal
adult C3H tissue? Has that experiment been done? Furthermore, has leukema
appeared n C3H 1-day-old mice injected with normal nonleuhemic tissue of
other strains® That, I think, i1s an extremely entical control,

Ds Gross  The only festation of neoplasti dition produced
C3H mice by njection of normal tissues was that of development of parotid
tumnor. Neither leuherma nor sarcoma was induced with normal tisues,  How-
ever, we can induce a certam per cent of leuherma in C3H mice with x-irradia-

tion.

Dr. BurcHENAL  Were vou able to produce leukemta m young AKR mice
from normal AKR embryos?

Dr. Gross  That 1s something ele agan  If one injects C3H normal ts-
sues into newborn C3H mice, no leukermia results
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Dr. Kirscusavy:  Mas 1 adk one more question®  Have you injected
extracts of embryo from strains other than the G538 or AKR, and, if so, what has
happened?

Dr. Gross:  Nothing, other than the occasional appearance of parotid
wmors.

Dr. Srraguve: ¥ would ke to ask Dr. Woolley a question concerning his
interpretation of results with animals treated with cortisone.  If cortisone is an
agent which facilitates viral multiphication and at times actnates latent viruses,
one could anticipate that leukemia mav occur at an carlicr time or perhaps in a
higher percentage of such animalks. Cortisone alvo has a striking lytic cffect on
hymphoid trsue, however, and perhaps this is the explanation of s results. 1
would appreciate his comments concerning this.

Dr Woortey: Cortione v destructive and harmlul to lymphoid tisue,
whether it be normal or tumorous. T would interpret the rewlt as due to retard-
ing or regrewing influences on fvmphod tivwe by cortisone, This is in contrast
to findngs for the parotid gland, where we know of no real effect of cortisone  Is
thzt what you had 1in nund?

Dr Spracur. Yes.

Dr Buroerre: Dr Woolley, do vou have any results to indicate that the
maternal resstance factor is an agent sinular to these viral agents under discns.
ion, but with the oppoute effect?

Dr. Woortey 1 have no results

Dr. Burnerre: Dr Syverton, would you comment un supcrinfection of
viruses and competition between two scpatate particles of this type?

Dr Syverton. When invasion or infection of cells 1s linited to two viruses,
both present 1n adequate numbers, competiion must accur  Failure or preven-
tion of infection by one of these viruses 1s known as mnterference  Thus capacity
of one virus to act as an nterfering agent for a second virus is a temporal rela-
tionship limuted to davs

Dk Burperre: Dr Woolley, would you comment nn the mdidence of leu-
kemia among nuce with mammary tumors, and vice versa?

Dr. Woortey  The results which T presented, showing that teukemia did
not occur with mammary tumors, may he interpreted as competition between
tumor-mciting agents, or on the basis that the sublines had been «eparated for a
number of generations  Among our mbred, tumor races, we do not have leu-
kemia competing with breast rancer, or vice versa, These discases of mice wem
t0 be well separated by nature

Dz Syvrrron.  Ts the inhibitor 1o which you refer labile and inactivated
by heat”

Du Woorsey. Yes,
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Dr. WoorLEy. We have no data on parotid tumors, but we, too, have used
the C3H, cell-free, leukemia preparations m strain AK muce and have observed
leuhemia occurring at an early age (between 3 or 4 months).

Dr. Syverton:  This effect may be explained as dose and not superinfec-
tion in the sense it was used this morning. Use of newborn animals is a means
for increasing the dosage effect, since animals before birth and within hours or
days of birth do not respond as older or adult animals.

Dr. Burperte. The viral etiology of leuhemia has been emphasized in the
preceding discussions, although Dr. Kirschbaum did review other factors known
to mfluence the appearance of this type of neoplasm  Since some information
about the etiology of leukemia in humans is available, would the clinicians on the
panel care to discuss how these results in animals may be carried over into the
clinic? Dr. Schlosser, you may wish to discuss irradiation 1n relation to Jeukemia

Dr. Scurosser: This is a problem in which I am personally interested be-
cause 1t 1s recognized that the incidence of leukemta among radiologists and others
exposed to low, intensive irradiation over long periods of time is higher than one
would otherwise anticipate  In addition, the same may be true for those exposed
to radroactive 1sotopes

Dr. ArrowsmiTH: The appearance of leukemia a considerable time after
irradiation of the thymus m childhood also suggests that this 15 a long-term, late
effect of irradiation.

Dr Scrirosser: I seem to recall a high meidence of carcinoma of the thy-
roid 1 children who had recerved radiation, although the dosage used for irradia-
tion of the thymus 1s exceedingly small This may not be comparable to the ir-
radiation recetved over a hfetime of handhing radium and giving x-ray therapy.

Dr BurcueNAL  On the other hand, the thymus may be a particularly
sensitive organ, especially at the age when the children are generally irradiated.

Dr BurcHeNAL  Leukemias have been reported also.

Dr Buroerte. What 1s the relation of fiormones to differences between
the mcidence and response of leukermia 1n childhood and later in life*

Dr. BurcHeNaL  There 1s not much I can say about that. It is farrly well
established that children under the age of 10 respond differently to agents, par-
ucularly folic acid antagonusts, than children over that age, or adults  Whether
it has any defimite bearing on hormonal changes or not 1s not known  Adults
over the age of 30 respond less well to standard agents than the group between

15 and 30.

Two other things regarding etiology could be mentioned. Bernard and his
group believe that inhalation of benzol increases the madence of leukemia  Last,
but perhaps not least, m our modern crvilization it is not good from the point of

view of leukemia to be within a thousand meters of the hypocenter of an atomic

bomb when 1t explodes



TILTFRABLE AGLNTS PREPARECD FROM LLUKLMIC TISSUE 57

Dr, BuroerTe:  Dr. Thll, do you have any comment?

Dr. Tier:  Mention should be made here of the rare familial incidence of
leukemia It is surprising to me that if a genetic factor is responsible, several
siblings in a family arc not more often affected with ths disease

Dr. Woorrey: I do not think that is too surprising. If onc looks at the
mouse population, for example, one finds that there are very few high-leuhemia
strains.

Da. Avrren Gertnorn:  In man, certain leuhenuas hase been causally
related to a varicty of environmental factor  Among radiologssts and among
many individuals exposed to the jonizing radiation of the atomic explosions in
Japan, there is a high frequency of chronic myeloid leuhemia Tt may be argued
that radiation unmasks the latent Jeukemogemc sirus, but it is odd, if this be
true, that a chronic rather than an acute dyscrasia appears.

I should hike to return to Dr. Till's remarks. It is true that an occasional
case of congenital leukemia has been described, but this 1s a reportable rarity. It
would be of interest to have the comments of those panel members who believe
that a virus is important n leuk is on the infreq; of leukemia in m-
fants whose mothers develop the discase during the gestation period. It may be
argued that the virus cannot pass the placental barrier  Howeser, one would
still expect to see the disease 1 mother and child more frequendy.

De, Kirscunsus. In a discussion of the relationship of the work on mice
to the disease m humans, the report of Schwartz from Chicago should be in-
cluded.  He has obtained filtrates of bramn from human cases of leukemia and
inoculared them intracerebrally into muce of a high-leukemia strain and reported
an accelerated onset of leuhemia  Symilarly, bram exsracts from muce have accel-
erated the onset of the disease 1n a high-leuhemic stock  He reports having passed
the brain extracts through mice for three passages and then recowered the activity

Dr. BurpeTTF: Dr Sprague, did you have 2 comment?

Dr. Srracue I was mterested 1 Dr. Burchenal’s remarks concerning pos-
sible genetre factors  Dr. Videbaek™ conducted a large famuly study i Copen-
hagen, Denmark, and, as a result of this studs, stated that the chance of desvelop-
ing leukemia by a member of a family where leukemea was present was 1 i 250
In a control group, the chance of such occurring was stated to be I 1n 4,000

Dr. Burcuena. We have told our patients in the past that heredity
Played Luttle role in leukemra, but in the past two weeks we have seen two famihes
with two children affected with the disease  This had not been encountered in
the ten years previous

Dz Burperte- Fmal remarks concerning ctiology are now in order

Dr. Woorrey: The results of studies on viral etiology grve the promise of
OpenIng up new vistas and creating new probl not pi 1 pated
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Dr. Syverton: Our understanding of leukemia today is not unlike what
was known twenty years ago of the rabbit papilloma-to-carcinoma sequence. Ob-
viously, Dr. Gross and Dr. Woolley have made outstanding contributions in dem-
onstrating that a transmissible agent is related to mouse leukemia. Since these
agents provide opportunity for studies utilizing tissue or cell culture, it should be
possible to arrive at three agents or a single agent, and, perhaps, to obtain cach in
sufficient quantity for characterization by the techniques employed for the virus
of erythromyeloblastosis These findings are simulating, since they indicate that
agents or viruses may be shown to have causal relationship to mouse leukemia.

Dr. Kirscusaun: [ think the information discussed is confusing as well as
exciting.



Arthur C Upton, MD, and Jwob Furth, MDY

FACTORS INFLUENCING INDUCTION o
MYELOID LEUKEMIA i RF MICE fy
JIRRADIATION:

We have been interested in the ind of meloid louk i the RF
mouse for some ume  Most reports of expenmental work with induction of
leukerua deal with hymphod tumors or retuculum cell neoplasms  Tuenty
years ago, however, an increased inaidence of myelord lenkerma was noted
mice of the RF stram exposed to wmiztng radiation * The present report sum-
manzes the results of coptinued studies of some of the factors that influence
the mduction of thes disease

The myclaid leukemuas in the mouse™ ™ and thew differentiztion from leu-
kemad reactions and extrameduffary myelopoieses have been described i detad
by Furth and Furth,™ Upton and Furth, and Barnes and Sisman™  Most
spontancons myefoid leukenmas in RF mace occur i animals 11 1o 18 months of
age, ther onset s hastened m rradiated ammals. There 15 extensn e infiltration
of the bone marraw, spleen, and Iner, whereas the tym ph nodes, thymus, and
other organs are lesy affected  Invohement of the penipheral blood 25 1anable,
as 15 the degree of maturation of the granulocytic series The disease, s gen-
eral, 3 readily transplantable mio isologeus hosts, bt <ame levkermas do not
take m £00 per cent of the reapients, even on senal subpassages

*Work perlormed at Oak Ridge under Comtract Ne W-7405.e04-26 for the United
States Avomse Enesay Commisiion

bi
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The thymic lymphomas of RF mice, as those in mice of most other strains,
appear to arise in the thymus as lymphosarcomas. They may remain localized
to the mediastinum, or they may become generally disseminated and thus in-
volve the blood stream, The peak mortality from this disease occurs at the end
of the first year of life m irradiated muce, and it 1s hastened in relation to the
amount of radiation received.

In addition to myeloid leukemias and thymic lymphomas, other prolifera-
tive diseases of hemopoietic tissues occur in aging RF mice, but their incidence
is not affected greatly by irradiation. Hence, they will not be discussed herein.

The results of two investigations are presented in Table VIIL In one,
experimental animals reccived approximately 6 r of x-rays per minute and,

Tante VHI
Incipence of Myeto LEUkeMia AnD Trymic Lymproma v RF Mice Exposep 10 X-RAYS

LEUKEMIA INCIDENGE (PER GENT)

TYPE MYELOID LYMPHOID TiIyMIC
SEX MALE FEMALE MALE i FEMALE
(r/313 ) [ 60 6% 601 6% 60t | 6% | 60t
Total dose (r)
4 1 0 0 6 4 it 19
128 19 19 9 14
350 29 18 17 33
12 1t 4 17 35

*Data from Upton and amoeiates %
{Data from Upton and Furth %

m the other, approxmmately 60 r per minute. We do not know whether
this difference 1n mtensity mfluenced the induction of leukenua, but, at the
higher dose rate, x-rays have a somewhat greater kilhng effectiveness In the
nonirradiated mice of both experiments, the incidence of myeloid leukemia was
shghtly higher in male animals, and a single dose of only 128 r increased the
incrdence <everal fold 1n both male and female ammals A higher rate of induc-
tion was observed after 350 r, but, paradoxically, after 512 r the incidence of
myeloid leukema was Jower than after either 128 or 350 r  In contrast, the
incid, of thymc lymph was higher i female animals, was not greatly
elevated by exposure to 128 r, and increased progessively with the dose  With
this background, the present series of experiments was mitiated

To explore the influence of sex hormones, we castrated the mice at 4 to &
weeks of age, one week prior to irradiatton (Table IX)  The induction of mye-
lowd leukemia, which was more common in male than in female muce, was inhtb-
tted by removal of the testes, but it was unaffected by removal of the ovaries
Conversely, the development of thymic lymphomas was enhanced by orchiec-
tomy and hibited by ovanectomy

These observations suggest that mn RF muce, as m mice of most other
strams,® * estrogen is leukemogenic to the thymus  The deselopment of mye-
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loid leukemia, on the other hand, apparently is not affected by estrogen but
may be potentiated by androgenic hormone

The possible role of the thymus in the develop of myeloid leukemi
was investigated in a study of the effects of thymectomy. It was observed that
removal of the thymus at 4 to 5 wechs of age, one week prior to irradiation,
essentially abolished the induction of mediastinal lymphomas, as found pre-
sviously by Kaplan®™ in C37BL mice, but 1t increased slightly the incidence of

THYMECTOMY +
CONTROL 450 ¢ 450r
MYELOID
30 *

~—..
~

20 /’,.J
10
N

THYMIC LYMPHOID

304 4

20 /f‘“

CUMULATIVE PER CENT DYING WITH LEUKEMIA

OTHER
)
304 4 1 {
20 1
10 f Pl
o7 -
© 20 30 10 20 30 10 20 30

AGE AT DEATH {mo)
Fig 8 —Effects of thymectomy before wradiation on the induction of leukerma by x-rays in
male muce of the RF stran
myeloid leukemia. In the absence of the thymus, an enhanced induction of
lymphomas in extrathymic lymphoid tissues was noted also (Fig 8). These
lymphomas tended to occur at the same age as the thymic lymphomas in itact
mice and sigmficantly earher in hfe than the sp nonthyrmic lymph
in controls  Thus, 1t appears that, 1n the absence of the thymus, other lymphoid
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tissues manifest susceptibility to induction of leukemia. This has been observed
also by Kirschbaum and Lichelt* in thymectomized mice treated with methyl-
cholanthrene.

The shightly greater frequency of myeloid leukemias after thymectomy is
presumed to result from reduction in the number of mice dying from thymic
lymphosarcoma. It is noteworthy, howeser, that in thymectomized mice the
incidence of myeloid leukemia and the combined wcidence of myeloid and
lymphoid leukermas were lower after exposure to 450 r than in intact mice
exposed to 300 r {Table IX).

Tasre IX

Tne InrLvENCE oF Goaapst Facrors ov ruE Inbvction oF LEuxenia sy X-ravs
~ RF Mice

LEUKEMIA INCIDENCE (PER CENT)

MALE FEMALE
DOSE OTHER LYMPHOW, | COM-~ LyMPifOID, | COM-
_(r)* | treaTMENT | wvErom] rHyMIC BINED | MYELOID| THYMIC BINED
1 2 3 3 17 20
0 Gonadectomy 2 9 11 2 12 14
300 41 19 63 1 50 61
300 G 28 26 12 43
TIn dhus experuncnt and thowe summaneed i Tables x and xl mice were_exposed 1n Iots of 80 to 100 per
weatment group with these factort of xradaton ) bp, S0 ma TSD, 937 em . 7080 rfmin in s with
Scacier, 3 mm- Al Elration (Be mimdow ), Wl 04 mm Cu

Because it was observed that shiclding the thigh, that s, hemopoictic tissue
1n the bone marrow® or spleen,* during irradiation of the ammal inhibited the
mduction of Ivmphoid leukemia, the mnfluence of partial shielding on the pro-
duction of myelod leukemia was mvestigated. Wath the pelvis and lower ex-
tremutres shiclded by lead, mice were given a single dose of 450 r at 5 to 6 weeks
of age, the shielded tissue receiving only akout 2.5 per cent of the total dose
The results indicate that the mduction of myeloid as well as of lymphoid leu-
kemia was inhibited out of all proportion to the amount of tissue shielded
(Table X} If 1t 1s assumed that the pelvis and lower extremities constitute
one-third of the entire body, the total dose of x-irradiation i gram-roentgens
applied ta only part of the body was much less leukemogenic than the same total
dose administered to the whole body (Table X)

TasLe X
Errects oF PARTIAL SHiELDING 0r X-IzrADIATION 0 Leuxewra Inbuerion v RF
Mavr Mice
[__LEUKEMIA INCIDENCE (PER CENT)
INTEGRAL LYMPHOID,

DOSE (R) DOSE_(G-R) AREA EXPOSED MYELOID. Ty MG COMBINED
~— 0 0 None i ] 3
150 3000 Whole body 2 H I
300 6,000 Whole body + 19 63
150 9000 Whole bady 51 28 51
350 6000 Upper two-thirds body* 8 7 15

“Pehis and lower extremities shiclded
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‘The intravenous mjection of nonirradiated marrow cells into totally irradi-
ated mice has been observed to have a similar mhibitory effect on induction of
fymphoma.*®  The mechanism whereby the presence of nonirradiated hemo-
poicttc cells inhibits the induction of leukemia is not hknown. Transplantation
studies suggest that the implanted, nonirradiated marrow cells survive, prolif-
crate, and eventually replace thowe of the host that are destroyed by irradia-
tion.***  Kaplan® suggested that irradiation causes an smbal; between
forces that promotc the regeneratne proliferation of hemopoietic cells and the
capacity of the injured cells to respond  He postulated that it is primarily this
imbalance and the resulting overstimulation by growth-premoting factors, rather
than direct cellular effects of radiation alone, that initiate the neoplastic change.
In support of this concept are the observations that neoplasia arises in nonirradi-
ated thymic tissue implanted in previously irradiated thymectomized hosts.**
A mere imbalance, however, should not yicld cells autonemous in normal hosts.
A " produced by irradi must be postulated. Creation of regula-
tory imbalance and altered responsiveness of irradiated cells actually have been
demonstrated in tumor mnduction by I'*' ™ It appears that some substance or
substances present 1 normal marrow will minimze the likelihood of myeloid
leukemia development after rrradiation, but the mechamsms by which this
protectine power ts exerted remamn to be disclosed

In another experiment, the imfluence of fractionation of the dose of radia-
tion was investigated, <tnce 1t had been reported that the lymphoma-inducing
effectiveness of a given dose may be appreciably enhanced if the radiation is
divided in appropnately timed fractions ™ RF mice 5 to 6 weeks of age were
grven a total dose of 450 r of x-rays in three exposures, 150 r per treatment, with
an intenval esther of two or of five days between exposures. The incidence of
thymic lymphomas was significantly higher in the group exposed at intervals of
five days than 1n those exposed at two-day mtervals or 1n a single treatment
(Table XI}, thus confirmng the obsen ations of Kaplan and Brown.™ In con-

TasLe XI
Errects of Fracttosarion oF X-Israpiation os Leoxemia Inpucrion v RF Mare Mice

| NTERYAL BE- LEUKEMIA INCIDENCE (PER CENT)

DOSE | NUMBER OF | TWEEN ExXro- LysPHOD,

(R) | exposures | sumey (pavs) | verom THYMIC COoMBINED

] 1 0 I
1 0 23 2 5
450% 3 2 19 2 4
4500 3 5 | 14 3 4

450 1 given in three doses 150 7 Pey exposure

trast, the rate of mduction of myeloid leukemia declined as the interval between
exposures was prolonged from two to five days  The mechanism of the obsersed
enhancement of lymphoma nduction by fractionation of the dose is unknown,
but 1t has been suggested to be related to enhanced regeneratise activity of
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Iymphoid tissues at the time of reirradiation. However, a morphalogic and
Physiologic correlation between mitotic activity and leukemia induction is yet
to be demonstrated. In general, the effectivencss of a given amount of irradiation
decreases as the dose rate is reduced, as observed with the induction of myeloid
leukema under the conditions described.

SUMMARY

In the RF mouse, myeloid leukemia is induced by a dose of radiation lower
than that required for lymphoma induction. Furthermore, the rate of induc-
tion of myeloid Jeukemia is maximal at levels of dosage below the lethal range
and declines as the lethal level 1s approached, whereas the induction of lympho-
mas rises progressively with the dose

Mycloid leukemias predominate in male mice, and lymphomas predomi-
nate in female mice. Induction of myeloid leuhenua is inhibited by orchiectomy
before irradiation and is not affected by ovariectomy. The induction and spon-
taneous development of thymic lymphomas are increased by removal of the
testes and reduced by removal of the ovares.

Thymectomy before irradiation prevents the development of mediastinal
lymphomas but enhances that of extrathymic lymphomas. Removal of the
thymus also results m a shghtly higher rate of induction of myeloid Jeuhemia,
probably by curtaihing the mortality from thymic lymphoma earlier in life.

Shielding of the pelvis and lower extremities during irradiation of the ani-
mal inhubits the mduction of myeloid as well as of lymphod Jeukemia out of
proportion to the amount of tissue shielded.

Fractionation of the irradiation may increase the rate of induction of
thymic lymphoma but has not been observed to enhance the formauon of
myeloid leukemra.

DISCUSSION

Dr Gross I am not familar with the RF stramn and wish to know more
about 1t, particularly the incdence of spontaneous leukemia

Dr. Urrov  The RF strain was devcloped by Dr Furth in the 1920’ at
the Rockefeller Institute, and 1t has been mbred by him since then  The spon-
taneous mcidence of leuhemna in the stramn vanes with sex. In males, the mer-
dence of myeloid leukemua 1s generally around 3 per cent or less from expermment
to expeniment. The mcidence of thymic hmphosarcoma (lymphoma arising m
the thymus and becoming generalized to form lymphoid leukemea) 15 about 5
per cent or less  In the female, the wmcidence of myelowd Jenkemia 1 }xkcw;se
approumately 3 per cent, but the meidence of thvmic lymphoid lcukc.mm 1s be-
tween 10 and 15 per cent, or even shighth higher In RF rmice, as in mee of

manv other strpns, there are proliferative diseases of reticular and lymphod tis-
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sues occurnng late in bfe. One is a granulomatous lesion arising predominantly
m mesenteric lymph nodes, hatving some of the features of Hodgkin's disease.
Dr Thelma Dunn®® has called this disease “reticulum cefl tumor, ype B” In
addution, there are other tvpes of reticulum celf sarcomas, some of which may be
referred to as monoaitic Jewkemias  We have endemvored to 1y pe most of these
by hivolome examination only. We frel thus is 2 complex group of conditions,
the incidence of which is not markedly affected by radsation.  Howeser, we have
scarcely studied them and are not prepared to say verv much about them.

As far as the issibility of the leuhemias is d, we hate at-
tempted transmission of the myetord leukeria in a few mstances only, but the
fow cases tested hase been found transmisible through successhe pasages  In
our eapenense, however, this disease has not produced 100 per cent takes i adult
hosts  We are hoping to obtain a transmisible myeloid leukemia in the RF
mowe that may be useful in the study of factors mfluencing the growth of myeloid
lewhenua, Howerer, we are discouraged after observing, with the several cases
tested, that we cannot obtain more than 30 1o 50 per cent takes in a single pas-
<agge and that the use of newborn recipients and presrradsation of the recipients
does not mfluence the outcome sery much.

As for the method of wradiation, 300 r was ghven i 2 sngle exposure at a
rate of about 80 r per minute, and the {actors of irradiatson were: 30 ma.; 3 mm.,
of atumunum, TSD of 93.7 em , and hul approximately 04 mun. of copper in
the fast experunents

In myeloid feuhenua, the spleen s unidormly greatly enlarged and pale ordy
nanhy  Thes appearance of the spleen contrasts with that of the lewkemosd state
sn terms of color, since the spleen in the leuhemord reaction is wsually a dark
purple or intenseh red, whereas the spieen i myclord feukemua 1s very pale, often
even vellownh gray  In some instances, there i shght enlargement of the hmph
wodes, although usualh wot much  Oeeaswonally, when green mfiltrations are
seer, we refer w0 the disease as chlorolenkesua  The bone marvow 15 uniformly
wfilirated, and very often there s massine necrons of the femoral bone marrow,™
The mfiltratiens are confined primanh o marrow, spieen, and bver without
much ivohement of lymph nodes

Maturation of the myelowd senes m myelod feukemuas 13 vanable  Usaally,
the douglinut-shaped nuckeus of the metamy elocy te 1s conspscuous in feukemic
safiltrations and in the blood  Abso, elevauon of the perpheral leukoevte count
occurs ordinandy However, extensite studies on hematologic mansfestations
remain to be done m our laboratory

The thymue, hmphod Jeukemia referred to an the present report 1, we be-
heve, a tvpe widely studied 1n many stramns of mice and simudar to the radiation-
induced leukemia w C57 Black muce imestigated by Kaplan ™ The cells are usu-
ally hymphobt ot Hly, small celi lymph are observed  We be-
hieve this disease artses m the thysnus as & lymphosarcoma, widely infiltrates the




66 ETIOLOGY AND TREATMINT OF LEUKEMIA

thymus and mediastinal structures, and may cventually become generalized and
imvolve the blood stream, in which casc we refer to it as lymphoid leukemia,
Death in many instances results with mediastinal infiltration only, without any
change n the peripheral blood.

Dr. Gross+ How high was the mortality within two weeks after the 200
r and 300 r doses?

Dr. Uprton: The LD1/30 days in these mice would appear to be around
500 r. The animals in the present eapertment were exposed at 5 to § weeks of
age. We have not determined the LDso/30 days accurately in the RF stram at
this age, but at 10 weeks of age the LD,o/30 days is about 550 r. The mortality
at the end of thirty days after 300 r is negligible

Dr. Kmscusaunm: I am glad that Dr. Upton emphasized that there are
varying mechanisms of induction of Jeukemta in mice. Kaplan has emphasized
the role of the thymus, and we, too, have seen mesenteric lymphomas developing
n thymectomized mice, indrcating that extrathymic lymphoid tissue is susceptible
to induction bv x-rays, and this 1s also true for methyicholanthrene. If large
enough doses of methylcholanthrene are used, the mncidence of induced Jeukemia
is as high in thymectomzed as intact mice Concerning the shielding, did it
make any difference which area of the body was shiclded, and did shielding of
lymphord as well as myeloid tissue prevent the induction of granulocytic leu-
kenma® Do you have any 1deas concerning the effect of shielding on regeneration
of the bone marrow and the effect of the rapidity of regeneration on the ultimate
ncrdence of leukemia?  Kaplan found by marrow sluelding he had a more rapid
regeneration of the thymus, and with a more rapid regeneration of the thymus,
then leukerma did not occur

Dr Urrov  Dr Kirschbaum, these are questions we have asked ourselves
and are at present attempting to answer  As yet, we have no information about
shielding structures other than the lower extremities and pelvis  We have at-
tempted to sct up a more extensive shielding group, which 15 m progress, but we
have no data to date  We hase not tried shielding hmphoid tissues as such to
see whether this would influence the induction of myeloid leukemias It would
be veny desirable to hnow the rate at which hemopoietic cells recover following
irradiation when hemoporetic parts are shielded  Exvtdence m the Iterature sug-
gests that when hemoposetic cells are <hielded, they repopulate the irradiated
hemopoietic tissues elsewhere 1n the body  Observations by Limndsley and asso-
ciates® with transplantation of homologous bone marrow indicate that, when
nonirradiated marrow 1 put nto an wradiated host {(in this case marrow from
donor rats having p-antigen on the red blood cells was put into recipeent rats
having c-antigen on the red cells), mcreasing numbers of n-n:m'kcd red cells
occur in the peripheral blood  Stmilarly, Nowell and associates™ found that rat

bone marrow, when grafted into wrradiated mice, produced errculating white blood
f
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celis containing alhaline phosphatase in the reciplent mice, whereas levhacytes in
the mouse ordinanty were negative When tested for alhaline phosphatase. This
evidence, added to that of the experiments of Lindsley and associates, supports
the view that the nonirradiated marrow cells implant in the irradiated host, pro-
tiferate, and funcuon hemopoietically, When part of the body is shielded, non-
irradiated hemopoaretic cells are probably enabled to survive and 1o seed irradiated
uwues.  However, this is estremely difficult to demonstrate conclusively.

Dr. Kmscateatn:  What you say s aery teve concerning the seeding,
Howeser, Kaplan shiclded bone marrow and still it was the thymus which regen.
erated sapidly,

Dr. Urrox: Further evidence regardmg lymphoid regeneration has been
reported recenth from Bratain b) Ford and asoctes,” who have studied this
question with marrew contai labeled with tramk « They
found that the tagged chromosomes specific to the smplanted marrow accurred in
hmphod trsues in the irradiated recipient.  Frow this they inferred, although
theie results are not fully reparted, that the lymphoid elements in the irradated
host, as well as the hemaparetic elements of the marrow, were desived from the
smplanted marrow tivste  This is a eritrcal question and one that needs ta have
convnemg evidence. 1 do not knww whether this evidence 1s convincing, but it
i strongly suggenive at least

Dr Kmscisaun.  Since gonadal seeretion has such an influence on leu-
kemogenesis, was any of the effect of radiationt ot the gonads, which might thus
affect the induction of Jewhemia?

Dr Urpton  The gonads i the male were not exposed of they were hing
n the scrotum during irradiation, beeause the entire pefsis was sheelded  In the
female, 5t was doubniul whether the ovanes were scluded bepeath the shield

Dz Woottey I am wondenng if transplantation results with hmphad
leukerma were much different than with mielord leukerma  You mentioned
results with the mvelowd tumors

Dr Uprov 1 regret tosay we have studied the shielded tissues naither his-
totogically nor from the h 3 dp Hence, ¥ am unable to say what
effect radiation may have had on the gnnadal secrehion W have made no study
thus far of the tratsmpsibibits of the lvmpheid tumors and have neser attempted
10 prove thesr hiodogic malkignancy by transplantation

Dz Woorrey: Dr Sprague, how would these veticulum cell tumors be-
have with the Brachet test?

Dz Seracor  We have had no expenence with the Brachet test with tis-
sues from patients with reuculum cell <arcoma We have had a single panent
wath replacement of the martow with Ewmng's sarcoma, and tn thus mstance the
cells behaved as mononuclear cells  That as to sav, the nucles of these cells stamed
normalhy following mbonuclease hydsobins T would Tike to ask Dy, Upton one
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thymus and mediastinal structures, and may eventvally become generalized and
involve the blood stream, in which case we refer to it as lymphoid leuhemia,
Death in many instances results with mediastinal mfiltration only, without any
change 1n the peripheral blood.

Dr. Gross: How high was the mortality within two wecks after the 200
r and 300 r doses?

Dr. Urron: The LD.o/30 days in these mice would appear to be around
500 r. The animals 1 the present experiment were exposed at 5 to 6 weehs of
age.  We have not determined the LDso/30 days accurately in the RF strain at
this age, but at 10 weeks of age the LDs/30 days is about 550 r. The mortality
at the end of thurty days after 300 r 1s negligible.

Dr. Kirscupaunm: 1 am glad that Dr. Upton emphastzed that there are
varying mechanisms of mduction of leuhemia in mice. Kaplan has emphasized
the role of the thymus, and we, tao, have seen mesenterjc Iymphomas developing
mn thymectomized mice, indicating that extrathymic lymphoid tissue is susceptible
to wnduction by x-rays, and this is also true for methyicholanthrene. If large
enough doses of methylcholanthrene are used, the incidence of induced leukemia
1s as hugh in thymectomized as mtact mice Concerning the shielding, did it
make any difference which area of the body was shielded, and did shielding of
Iymphoid as well as myeloid tissue prevent the induction of granulocytic leu-
kemia? Do you have any ideas concerning the effect of shielding on regeneration
of the bone marrow and the effect of the rapidity of regeneration on the ultimate
incidence of leukemia® Kaplan found by marrow shieldmg he had a more rapid
regeneration of the thymus, and with a more rapid regeneration of the thymus,
then leukemia did not occur.

Dr Ueton: Dr. Kirschbaum, these are questions we have asked ourselves
and are at present attempting to answer  As jet, we have no information about
shielding structures other than the lower etremities and pelvis. We have at-
tempted to set up a more extensie shielding group, which 1< in progress, but we
have no data to date  We have not tried shielding lymphoid tissues as such to
see whether this would influence the induction of myeloid leukemias. It would
be very desirable to know the rate at which hemop cells recover foll
syrradiation when hemopatetic patts are shielded  Evidence in the hterature sug-
gests that when hemoposetic cells are shielded, they repopulate the irradiated
hemopotetic tissues elsewhere in the body  Observations by Landsley and asso-
ciates®* with transplantation of homologous bone marrow mndicate that, when
nonirradiated marrow 1s put mto an trradiated host (m this case marrow from
doner rats having p-antigen on the red blood cells was put into reciprent rats
having c-antigen on the red cells), increasing numbers of p-marked red cells
n the peripheral blood Similarls, Nowell and associates™ found that rat
en grafted into irradiated mice, produced circulating white blood

occur §
bone marrow, wh



INDUCTION OF MYELOID LLUKEMEA IN RF MICD BY RRADIATION 69

Lemic cetls no longer invaded the peripheral blood, and more and more prmitise
myeloid cells were seen in infiltrations of tisue on successive subpassages.  Ulti-
mately, the doughnut-shaped nucleus of the metamyelocyie became selativeh
rare, and that of the myeloblast oecurred predominanty.

Dx. Gestwors:  Does this persist, or do they die off?

Dr. Upton: 1 am not sure that [ underdtand your question,

Dr. Gerrwors: .. . if serial transplants are continued.

Dr. Urrox: When we have done this, we have not obtamed 100 per cent
1akes. We have had the nnfortunate expenitnce of losing two of our lines be-
cause the number of takes was smatl. Actually, because of our fack of success
obtaining uniform takes, we have almost abandoned attempts 10 study these in
serial transplantation,

Da. Kwscusavn:  Before one concludes that feukemia {3 not transplant-
able, one must use & rather large number of animals in the first transfer. We
have had the expesionce of taking a granulocs tic Jeukenwa as donor, and jnace-
lating thenty mice, and having only one or two take,  From the one or two trans-
plants, bnes may be establhed in which takes soill ocenr i 100 per cent of the
cases. I think some of these are leukemias of very fow s or very dil-
ferentiated leuhemias, Since they are differentiated, probably very few imma-
ture celfs are in the moeculum, and the immature cells are the ones responsible
for transplantation  What the investigator mas be dotng 15 gnong a vers small
dose of cells capable of transmutting the disease, and this dose is then shereased by
frequent transfer.  Of course, one may be deabing with dependent leuhenuas, and
the host muse be h 1 before the fated cells can be grafted success-
fully

Da. Urtov:  In the few cases m which we made serial subpassages, we did
not see an mnerease i the number of takes although the cells appeared to be be-
comng progressnely dedhfferentiated  From this we concluded that the neoe
plasm wis condittoned m tome wav or that other factors were mietfersng with
the umform occutrence of takes

Dr Wooriey: Mav 1 ask sour method of transplantatron  how sou pre-
pared the tesue, how you moculated, and whether 3t was subcutaneous or mtra-
perstoneal

Dr Urron: The transfer of myelod feukemia was made by dnading
splenic tpsue into fine peces with dissectung saasors  ( The mprint of the spleen
wsualfs showed atmost all maclod eelh 3 The splenic tisue was suspended i
saline solution and myected mtrapentoneally  We tned intravenous mnjection as
well, but from the results we did not feet that this veas a more effectuee route

Da Gerinory  From the vantage point of one who knows nothing zbout
the ficdd and one who aeser expects to do anv experiments i at, 1 would hke to
have you tell me what evidence exasts that these really are Jeukemtas  Will you
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question regarding shielding. Jacobson has shown that animals whose spleen was
shielded could withstand higher doses of total-body 1rradiation. Is it necessary
that active hematopoietic tissuc be present in the shielded spleen for such protec-
tion to be afforded?

Dr. Urton: The spleen is a very mysterious organ to me. 1 believe, hosw-
ever, it has been the experience of those who have tried to promote recovery from
radiation injury by shielding of the spleen that the technique yields best results in
those ammals which normally have hemopoictic activity in the spleen. Although
there are differences between strains, mice usually have active myelo- and erythro-
potesis in the red pulp. Hence, the shielding of the spleen under these condi-
tions 15, in fact, comparable to shielding the marron. Furthermore, the em-
bryonal spleen is characterized by active hemopoiesis, and much of Jacobson’s
protection work involved admmistration of embryonal tissues. In animals such
as rabbits in which intrasplenic hemopoiests does not occur, spleen shielding is not
of much benefit.”* ‘Therefore, In answer to your question, the effect of spleen
shielding probably amounts to shielding of henmopoietic tissue and is biologically
equivalent to shielding of the marrow.

Dr. SyverToN. Have you tried transmission with cell-free extracts?

Dr. UproNn  We have attempted nothing of that nature, We are, of
course, keenly nterested 1 understanding what radiation is doing I, myself,
have wondered if trradiation 15 unmasking a virus, let us say, and that we may
have a lymphoid leukemogenic virus and possibly also 2 myeloid leukemogenic
virus 1in the RF ne A drsease was discovered some vears ago by Dr Furth in
the RF strain which 1s charactenized by the development of anemia, leukopenia,
and enythroposetic spl Iy ™ This fition was found to be transmissible
with hophilized matenal or cell-free material A virus or viral agents could exist
in the RF mouse capable of producing a varets of disorders together or individ-
ually In our studies with filtrates we concentrated on newborn recipents, since
the experiments of Dr Gross, along with the work of others, indicate that sensi-
tisity 15 maximal 1 newborn ammals

Dr. GeLitiory  What is the natural hustory of these Jeukemias®  You sav
they do nat transplant well. Do thev destroy the host?

Dr. UptoN I am embarrassed to admut that we know very httle about the
natural history of myeloid leukerma  When animals die with this disease, they
are extremely anemic. We have not performed extensive blood studies on them,
but they are extremely pale, emaciated, and often exhibit massive necrosss of the
femoral bone marrow  The hver and spleen are usuallv extensively infiltrated by
myelod cells  In the few attempts we have made to transmit the myclaid leu-

Lemuas, the leukemtas have undergone progressive dedifferentiation on successive
passages In one of two cases m which the pnmary h‘m! had an clc\m'cd white
cell count with many mature and immature granulocytic elements, finally the leu-
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DIAGNOSIS of LEUKEMIA

BNTRODUCTION

Ity gcnuall) ronceded that our current, conventional methods for diag-
nosss and clasnfi of the feuk are madeqs Untd recently, it was
50t aecessary to make a precice, morphologic dxagncs;s mevery mstance. How-
over, with the rapidly exp use of ch 1c agents, we hase
learned that the different leukemuas vary greatly m their response 10 these
agents, This makes 1t necessary that the best possible description be made in
cyery case aof leuk One chemoatherap agent 15 pr ty lable that
1s hughly effectine i a single type of leukema, and yet totally ineflective in other
types of teukerma  Certanly, more examples of this will probably be seen as
time goes on

The 1 made {requently that morphologiis fimve had ther day,
and that httle more will be acliered in this particular area of mvesugation 1
disagree with this view pcmt, and thmk that, with the application of new physi-
eal, ck \! s q we wall see additione! valuable
contnbutions made m thes fiek Laxcr sn this descusstan, I wish to summanze
the sesults of ouy own expersence with some of these techmgues.

Intally, § would fke to review briefly some of the methods that have been
deseloped 1 the recent past, largaly n research laboratories  Granted that
many of these technaques and methods are not suitable as routine procedures,
some of them can be adapted with 2 summum of difficulty, ¥ shall try to make
the discusion of these brief, confining my remarks to therr usefulness and refa-
tine advantages and disadsantages

77
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tell me why I am wrong in thinking if you destroy the hone marrow with x-ray
or with drugs, you might not get the same sort of change that you have described
here?

Dr. Urton®  The evidence we have is that the animals all died of this dis-
case, and, in the few attempts we have made to transmit it, we have been able
to do so in some imstances  The diagnosis was made at autopsy, and careful
microscopic search did not disclose any other fatal process. There was wide-
spread infiltration of primitive myeloid cells in the liver, spleen, and marrow, and
foci of orderly maturation of granulocytes and erythrocytes were absent. This
evidenice causes us to view the disease as myeloid leuhemia.

Dr. Krementz: Do RF mice develop other tumors after radiation?

Dr. Urron: The RF mouse will develop other neoplasms e think there
1s a shghtly increased incidence of pulmonary tumors in irradiated RF mice, but
the major, neoplastic diseases are leukemias, Jymphoid leukemia afising mn the
thymus and myeloid leukemia.

Dr. Kmkscupaum-  Dr. Gellhorn has raised a very pertinent question.
Those of us who work on mice take pnde jn having a biological test, and this bio-
logical test 1s transplantation In Dr. Upton's experiments, he has transmitted
enough of these leukemtas so he could assume those which do not transplant prob-
ably are leukerma. However, myeloid metaplasta may closely simulate leukemia,
and if one found tt sporadically mn a strain, it might be very difficult to determine
swhether or not this was leukemia or hyperplastic reaction.  We should emphasize
transplantation as biologic evidence that this 1s truly leuhemia  If one can trans-
plant st, 1t 15 leukemia
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RIBONUCLEASE TEST

The mhonuclease test probably i unfamiliar 10 most imvestigators.  Dr.
Carresa, in our lab ¥, is largely responsble for the work which I would
ike to repost at this time.  Brachet™ fire described the ribonuclease test in
1940. He showed that, following incubation in an agueous solution of ribo-
nuclease, the basophilic granules in the cell cytoplasm Jost their ability 1o take
up pyronine m tissue sections, whereas the staimng of the chromatin of the celt
nucleus by the methy] green component was unaffected.  He, therefore, con-
cluded that nbonuclere acid was focated primarily in the basophilic, cytoplasmic
granules. Using a modification of the meshod, Laves and Thoma™ described
the unque differential behas war which s shown by the nuclear chromatin of the
white blood cells

This test can be performed i one of two ways.  Methanol-fived Sides
exaher of peripheral blood or of bone marrow can be hydrolyzed with a solution
centaining esther nibonuclease or desoxs ribonuct activty, Rat h
we find, 15 much more satsfactory for several reasons  First, the hydrolysis can
be carned out at 60° C., and the tme 13 not critical.  Fifteen minutes has proved
satsfactory.  Second, 3t has been found that freshls vorded urme 1 an excel-
lent source of nbonuclease. It 15 probable that there are factors in the unne
other than ribonuclease responuble for s action on the cells  Desoxyrhonu-
clease, on the ather hand, s an expenene enzyme, about six or sesen hundred
doliars  gram, and hydrolysis has te be cartied out at 0° C for a penod of
fifteen seconds to one minute, the time beng entical for optimal results

After hydrolyzing with one or the other of these enzymes and staynng with
Gremsa stan, the following results are observed  wsth nibonuclease hvdralyss,
the nuclear matenal of the neutrophalic granulocyte loses its abibity 1o fix the
“tam, and 1t appears blanched  The nutler of eosmophilse granulocytes, bmpho-
cytes, and monocytes, on the eontrary, cetam thesr abslty to fix the Gremsa
st With desoxyribonuciease hydrolysis, the veverse sitwatson prevasls  The
nuclei of the mononuclear cells, monocytes, lymphocytes, and cosmophiles, are
blanched, whereas the nucte: of the neutrophilic granulocites stam normalh

The findings are 2 wn the ph aphy  In Fig 9, a mono-
blast 15 seen which had been hydrolyzed with a solution contammng desoxyribo-
nutlease actnaty and then counterstamed with Giemsa stan The nuclens of
this celf 1s enurely blanched. the mucleolus and an Awer body are scen easily
A neutropinl s the same held shows the nucless 1o stam nermally

Fig 10 reproduces a penphesal blood film from a patemt with acute
lymphocytic feulemia  The wmear was hydrolyzed wath a solution contatmng
desoxyribonuclease actnity  The wacteus of the lymphoblast is completely
blanched, av was the monoblast in the previons Hustraton, and a neatrophilic
granulocyte 15 meluded agam for comparatuse purposes
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TECHNIQUES AND METHODS
ELECTRON MICRQGSCQOPY

In electron mucroscopy, examination of cell sections has proved much pref-
erable to the casting technique. It has been found possible to section a granulo-
cyte into some seven hundred slices, these slices being of the order of 0,002
micron thick. Such sections have proved very satisfactory for electron micros-
topy  The instrument, of course, provides tremendous magnification up to a
range of 100,000 diameters; with the very thin sections, it was hoped that this
would make possible better differentiation of the various blast cells and so-called
stem cell, but, unfortunately, this has not proved to be the case. Mature cells
can be distinguished without difficulty with this technique, but the immature blast
forms still offer the same problem as previously.

Despite the potential usefulness of this technique, it offers two serious ob-
stacles. First, the cells have to be exammned in a desiccated state, and, second,
it is necessary that the material be very thin, thiner than an intact cell. These
two obstacles mahe it difficult, if not mmpossible, to examine intact cells. For
these reasons, electron microscopy and micrography have been used chiefly in
attempts to identfy virus particles within cells, and in describing the submi-
croscopic structure of the celis

There 1s at least one report where virus particles were supposedly identified
m leukemic cells by this method. However, other investigators who have had
extensive expertence with this method have failed to confirm this observation.

PHASE CONTRAST MICROSCOPY

This method allows one to examune live, unstamed preparations providing
a dhstinct mmage of the nuclear chromaun, nucleol, nuclear membrane, mito-
chondria, specific granules, and Auer bodies. Those of you who have had an
opportunity to visuahze a vital preparation, using phase contrast microscopy,
have been impressed undoubtedly with this as a techmgue In addition to
altowing visualization of these cells in a vital state, it has been possible to utthze
a time-lapse movie technique, whereby the locomotion of the cels can be stud-
ied. It has been suggested that the actual locomotion of the cells may be im-
portant m terms of diagnosis Such a movie utthzing this time-lapse photo-
graphic techmique has demonstrated heautifully the development of the lupus
erythematosus ccll The nucleols and granules are easihy 1dentified, and both
Jones and Moeschlin™ pointed out the aid this prov ides in differentiating the blast
cell of lymphosarcoma from the blast cell of lymphocytic leukenua  They
stressed that the lymphosarcoma blast cell has a prominent single nucieolus,
whereas the Jymphocy tic leukemia cell has two to four nucleoll  Brausil’ stated
that she has been able to differentiate a Iymphoblast and a myeloblast, using
phase CORtrast MICTOSCOPY- Others hasve been unable to confirm her observa-

tions,
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Fig. 11 is from a patient with acute graulocytic levkemin. In this in-
stance, the shde was hydrolyzed with a <olution containing “ribomuclease” activity
(Ireshly voided urine). The nuclear material s blanched in alf of the cells, as
would be anticipated

‘The results of these studies suggest that in the case of the neutrophil and
basophul, the nuclear protein was largely nbonucleopratein, whereas in the
mononuclear cells and in the eosinophil, it was desoxyribonucleoprotein - This,
1 think, might explain in part the obsenvation frequently made that cosimo-
phils behase more like lymphacytes than basophils and neutrophils, as in the
cace of the lymphopenia and eosinopenia observed following the administration

- e e "

Fig 11 —Appearance of smear from a patient with acute granulocytc leukemma after hydrolysis
with a sofution containing nbonuclease activity

of ACTH, for example This techmque docs not ajlow differentianon of the
blast forms of lymphocytic and monocytic Jeukerma i that a lymphoblast and
a monoblast behave the same way  Fortunately, the differentiation of these
two does not pose too difficult a problem as a rule I thunk you will agree that

most of our difficuity 15 1w differenvating ol from Tobs: Jeu-
kemia, and 1t 15 here that the method seems to have 1ts greatest usefulness.

BIOCHEMISTRY AND METABOLISM OF LEUKOCYTES

Recent adsances m the field of biochemnstry and metabohsm of leukocytes
m the various leukemic states are of interest The level of amino acids has
been found strikingly different 1 leukemic cells than in normal cells, this is
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Fig 9 Monoblast hydrolyzed with 2 solution cantaining desoxyribonuclease actisty and then

counterstained with Giemsa stam
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The leukoerythroblastic peripheral blood picture that is observed in pa-
tients with metastatic carcinoma to the bone marrow can be confused easily
with leukemia. The correct diagnosis usually js made at the time of bone mar-
row aspiration in such patients, although ery commonly aspiration is impossi-
ble, and bone marrow section 1s required to provide the answer.  The types of
carainoma most likely to produce this peripheral blood picture are carcinoma of
the prostate, lung, and stomach. Multiple myeloma, on rare occasiens, may
be associated with such findings in the peripheral blood

Myclod plasi ly is misdi. d as leukemia, but, again, a
careful evaluation of the peripheral blood, and bone marrow history and physi-
cal examination usually allow this to be differentiated from leukemia. Red
blood cells in the peripheral blood of such patients show pronounced anisocytosis
and poikilocytosis almost inyanably. The marrow may be extremely variable,
ranging from hypercellular to hypocellular. Bropsy of the liver or of the spleen
is the most reliable method for establishing the diagnosis.  Time will not permit
a discussion of the mterrelationship and some of the theoretical aspects con-
cerning chronte granulocytic leuhemia, polycythemia vera, myeloid metaplasia,
and myelosclerosis. Probably they are closely related or actually variants of
the same basic disorder,

DISCUSSION

Dr Burberte  Thank you, Dr Sprague, for revitalizing this morphologic
subject and directing attention to pitfalls in diagnosis  Discussion of Dr
Sprague’s paper 15 now open

Dr Woortey: I would Iike to know whether there 1s any point in the
blast cell series when differentiation breaks down. I believe that certain
blast cell leukermias do respond to cortisone, whether or not n the hmphoid or
granulocytic series, and 1 wonder whether there 1s a point of cmbryonic differ-
entiation or lack of differentiation where this difference 1s obliterated

Dr Sprac It s 1 gmzed that there are some patients
with acute leukemia where the cells are sufficiently immature to defy a mor-
phologic diagnosis  We have had occasion to study the blood and bone mar-
row of several such patients with the Brachet test and werce able to classify
them according to the behavior of the cells with nibonuclease hydrolysis. The
subsequent course of the patient sn each nstance allowed us to confirm this
initial 1mpression

DRr. Geruworn: Dr Sprague, first will you please comment on the re-
port of Storty, from Italy, who recently described a simple test for differentia-
ting between the various types of leukemia It consists of determinmg the
osmotic fragility of the leukocytes of the buffy coat, using different concentra-
tions of sahine  The leukocytic osmotic fragihty 1s increased mn acute and chronic



76 LTIOLOGY AND TREATMINT OF LLUKEMIA

particularly true of the leukocytes in the acute leukemias. The ratio of ribonu-
clease to desonyribonuclease is markedly elevated in acute leukemia, as is the
ratio of uracil to thymine. Desoxyribonuclease inhibitor is found in large
amounts in normal leukocytes, yet very little is in the leukocytes of chronic
granulocytic leukemia; almost none is in chronic Iymphocytic leukemic leu-
kocytes and in the leukocytes of varions acute Jeukemias. Apparently, there
is 2 normal range of this desoxyribonuclease inhibitor in leukacytes found in
patients with leukocytosis and leukemoid reactions

Valentine™ found the alkaline phosphatase of cells in chronic leukemias to
be less than normal, whereas in leukocytous and in leukemoid reactions the
level usually is normal or efevated Low values in Jeukemic cells do not return
to normal even though a remission is mduced  Ellison® found the citrovorum
factor content of leukocytes in acute leukemsa to be elevated, whereas the level
in cells of chronic leukenua usually is normal. Folic acid antagonist therapy
markedly reduces the citrovorum level to values usually below normal

A great deal of work has been done on culturing bone marrow, and it is
now possible to keep bone marrow as well as peripheral leukocytes viable long
enough for short-term studies in vitro. With the use of radioactive isotopes,
notably carbon 14-labeled formate or ademne, it has been possible to determine
the rate of nucleoprotein synthesis, as well as to determine the effect of various
chemotherapeutic agents on the rate of incorporation of one of these labeled
precursors on the biosynthesis of nucleic acid

In view of our rapidly wcreasing knowledge of the chemistry and metabo-
Dism of these leukemic cells, 1t is not improbable that leukemias soon may be
classified chemically as well as marphologically. Also, the technique of bone
marrow culture may prove a very useful techmque in screening leukemic pa-
tients for therapy It is possible that m tume something comparable to current
methods of deternmning the sensitnnity of bacteria to various antibiotics can
be offered

DIFFERENTIAL DIAGNOSIS

Certain disorders may be confused with leukemia  leukemoid reactions
secondary to mfections, particularly tuberculosts; collagen disorders, lympho-
mas, notably Hodgkm’s disease; and hver disease, shether 1t be decompensated
cirrhosis, metastatic cancer, or hser abscess, are at times extremely d:ﬁ'{cﬂlt to
differentiate from leukemia  As a rule, a careful examunation of peripheral
blood and bone marrow Films, plus a thorough hstory and physical examina-
tion, will allow a differentiation to be made  This can be extremely difficult at
uimes, howeser; [ can recall one nstance where 1t sas impossible to determine
with certamty whether the patient had leukemia or leukemaid reaction, even

following autopsy
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factors present in urmne, for they referred to the active principle as a “ribo-
nuclease complex.”  Our results to date concerning the nature of the substance
or substances in urine which account for the observed changes in the nucleus
of neutrophilie granulocytes and ity precursors may be summarized as follows:

1. Activity is not lost by dialyzing unme against tap water, but it is lost
by dialyzing against distilled water,

2. The activity i¢ shghtly diminished after prolonged incubation at 58° C.
at pH 7.7, and it 1s greatly diminivhed after heating to 100° C. for thirty
minutes

3 The actinity cannot be duplicated by commercial, crystalized nbonu-
clease, trypsin, or chymotrypsin.

4 The action can be closely simulated by sodium chloride solutions in eon-
centrations ranging from 0.18 M. to 0 30 M and by phosphate buffer solutions
of pH 7.7 of molanities between 0 06 and 0 08

5 The reaction of leukemic leukocytes appears similar to that of normal
leukocytes

These results cast serious doubt on the hypothess that the effect of urine
is due to nbonuclease activity  In fact, the only evidence suggesting any enzyme
activity 1s the heat lability of the principle. Extraction of nucleoprotein by
urine acting as a salt solution with the possibility of enzyme activity is now
thought to be the most reasonable explanation of the reaction, although 1t has
not heen proved conclusively
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lymphatic leukemia, decreased in acute myeloid leukemia, and similar to nor-
mal Jeukocytes in chronic myeloid leukemia.

Second, I would like to ask a rather impertinent question about the Brachet
test. I had not known about this technique until reading your abstract, Dr.
Sprague, and I was fascinated by it and very impressed by your repart. Now,
would you confirm once again for me, does it reaily work?

Dr. Spracue: In answer to Dr. Gelthorn’s first question, I was unaware
of Dr. Stortt’s fragility studies until the leukemia symposium m Detroit last
month  We have had no experience with this method, but it certainly seems
a simple method that may provide valuable information. We have been using
the Brachet test for approximately one year and believe that it is quite reliable
There has not been a single instance 1 which 1t has misled us. The test un-
doubtedly requires some refinements, and I am sure there are pitfalls in  the
procedure At the moment, however, we feel it is a very satisfactory laboratory
method.

Dr, Krrscusaum  Are these really reflections of enzymatic activity?
With ribonuclease, one could expect ribonucleic acid to disappear. Here, one
has a complete washing out of the nuclear chromatin, Is this really enzymatic
action?

Dg. SrracUE I also question whether 1t 15, actually, because it is contrary
to what one would anticipate from the known composition of nucleoprotem
We are not at all certamn that the changes we observe mn these cells are due to
enzymatic actwvity of cither ribonuclease or desoxynbonuclease alone, We are
presently studymg the effects of a purified enzyme to see how this compares
with buffered urme as a cource of ribonuclease actnaty  Although I am not
prepared to <ay at the moment what accounts for the observed changes, this
does not detract apprectably from the practical application of the method 1f
further study confirms s worth,

Dr Tir- Did vou perform the test more than once during the course
of the disease 1n the same patient® Were the majority of tests performed when
the diagnosis was first made?

Dr Srracue  We have repeated the study on only one patient with
chrome granulocytic leukerma  In thus instance, there was no difference in
the behavior of the cells before and following treatment with Myleran.

ADDENDUM

Since the above report, additional studies have been carried out in an
attempt to elucidate the mechansm of the so-called “nibonuclease” test. In
the wutial studies, buffered unine was used as a source of “enzyme” as this had
been rteported by Laves and Thoma, They did not provide evidence of nbo-

nuclease activity, howeser, and apparently believed that there were additional
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basis for the discovery of compounds to usc in the treatment of these dyscrasiag
Having justified the need for empiric screening of compounds in the treat-
ment of leukemia, how is this accomplished? In the past few years, there has
been a great deal of discussion on the optimal method or methods for antitumor
screening. A cooperative experiment conducted by thirty-nine investigators in
cight inctitutions has been addressed to the issue of what constitutes a reasonable
biologic system for scrcening compounds which ultimately might be tested in
the clinic against neoplastic disease. The over-all plan of the experiment was
to test a standatd group of compounds in as many diverse biologic systems as
possible, correlating the rewults obtained with one another and with the effect
of the compounds in human neoplastic disease
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Alfred Gellkorn, MD

LABORATORY and CLINICAL APPROACHES
fo LEUKEMIA CHEMOTHERAPY

THE SELECTION OF COMPOUNDS FOR CUNICAL TRIAL

Unltke the effective methods which have been developed for the screening
of potential antibacterial chemotherapeutic agents, the selection of compounds
which merit elmtcal trial for the treatment of the leuhemias poses a serious
problem  This 1s due to the fact that there 1s no curative drug which can be
used as a standard against which to measure other compounds, and also be-
cause there 1s no biologc assay system which has been shown to be exactly com-
parable to human acute or chronie leukema

How does one proceed® Ideally, we would hke to have our colleagucs in
biochemustry and other basic disciplines provide sufficrent information abont
the ntimate characteristics of the reukemc cell so that it would be possible to
develop chemical agents which would selectivcly destroy the abnormal cells

A few weeks ago, it was my priilege to attend a conference at which a number

of distinguished brochemists from this country and abroad dscussed biochemi-
cal differences between normal and neoplastic cells  After two days of vigorous
discussion and examination of the evidence, 1t was agreed that there are a
number of quantttatne differences between neoplastic and normal cells, but
that the fundamental biochemical characterization of abnormal growth still
eludes defimtion

Since the day-to-day chnical problem of leukemia 1s so pressing, empine
methods of selecting drugs are in usc, pending the derelopment of a rational
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if they proved effeetive as antitumior sereens. Two bacterial mutation systems
were included because of the possible relationship between mutagenic and anti.
tumor action. The differentiation and developmental systems in slime mold,
frog embryo, chick embryo, and the fruit fly, Drosophila, were studicd as rep-
resenting rapidly growing, normal tissues.  The twenty-one biochemical indices
of synthetic processes were included because of the possibility of more precise
and sensitine indicators of antitumor action.

Taste XIV
List ofF Compousps

COMPOUND
NUMBER NAME
T SR e | G iy g T % B | LS VT bt
i . . . .
3
H .
H -
H "
H .
8 Methy! carbamate
9 Chloramphemicol (Chlnromycelm)
10 Potassium arsenite
1 8. 5. 7.hs d: 15 1 [d
12 8-Azaxanthime
13 Bennmidazole
i Zoapmeszet,
15 .
Yarapnm, Pynimethamine)

D,1-Ethionine

£.2-Thenylalamne
Desoxypyndoxine

Colchicine

5-Methoxytoluquinone

Netropsin

Azaserme {o-dizoacetyl-r-senne)

L..'.;.m e
BUREERENEEESE

Table XIV presents the twenty-seven compounds which the group of in-
vestigators selected for study  As can be seen, these included compounds which
had been found to have activity agamnst one or more of the expenimental tumors,
or to haie strong actiity agamst other biologic systems, as, for example,
chloramphenicel, or were thought to be mactive, thereby serving as negatne
controls  The action of these twenty-seven compounds was studied 1n each of
the systems previously described, and each iy estigator sent his result to a central
office, where the mformation was callated  Eighteen hundred separate answers
were obtained, an example of the flow sheet for two of the systems 1s shown
in Tables XV and XVI  Table XV summarnzes the effect of the compounds on
the fifteen expenmental tumors  The compound number is the same as gnen
in Table XIV  Table XVI summanzes the effect of these compounds against
the vatious micrebiologic systems.
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This experiment has been reported in detail elsewhere.” The participating
investigators and their institutions are shown in Table XII. Table XIII lists
the biclogic systems which were used in the evaluation. The spectrum of
fifteen tumors included two in the rat, one in the rabbit, ten solid and two
ascites tumors in mice. Among the microbiologic systems studied, the five
mouse-adapted viruses were micluded because of the oft-repeated postulation
that compounds which would be effective against viruses would very likely be
active against tumars, because of the central role of nucleic acids i these two
systems A number of bacteria and fung: were included because of the ease
and rapidity of operating these systems, which would greatly facilitate screenmg

Tasre XIIT
BioLocic SysTEMS
EXPERIMENTAL DIFFERENTIATION AND | BIOGHEMICAL SYN-
TUMORS 061 DEVELOPMENT THESIS
Sarcoma 180 Feline pneumomtis schenc)—ua col: muta- |Tumor 755 DNA
tien SD4
Flexner-Jobting Vacemia Esthoninn colt muta. |Ehrlich protein
tion WP14
Walker 256 Influenza A Dictyostelium agerega- |Ehrhieh ademne
tion
Carcnoma E0771 ‘Western equine en- Dictyostelum culmina- [Ehrlich guanine
cephalitis 10n
Sarcoma T241 Poho Frog embryo differen- |Gardner protein
tiation
[¢ 1025 h Frog embryo drug Gardner adenine
sensitivaty
Mecca lymphosar-  |Eschenichia colu Chick embryo abnor- |Gardner guanine
coma malities
Carainoma RC Bacillus subnhis Chick embryo growth |Flexner-Jobling Qu:
nhibition
Recently 1solated Serr.\lla marcescens Drosophila larva Flexner-Jobling CO:
y carci- aureus (D Flexner-Jobling pro-
noma tem m vitto
c 755 b smeg- |Drosophila 1mago Flexner-Jobling pro-
mats tein m wvo
Brown-Pearce carci- | Mycobacterium phlet  |Drosophila larva /imago l']:xner -Jobhng nucleic
noma
Ghoma 26 Lactobacillus caset Drosophila_phenotype Flemr.yobxmg ade-
abnormalities
Leukerma L1210 Kloeckera brevis Flexner- -Jobling gua-
nime
Eblich asctes EF {Torulopsis utihis Drosophila chromo-  |Spleen Q..

some breakage
Ehzlich asaites ELD | Saccharomyces cere-  |Drosophila crossing-  |Spleen GO

visiae 3 over
h: cere- D: phil 5 Spleen protein 10 witro
wsiae 376 Wwae 21

Pemallum notatam  [Drosophila sanegation |Spleen protein in 110

Aspergillus fumigatus

|Streptomyces gnseus

Strcplomyces antibi-
oticu:
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From the raw data obtained from all of the systems, a further condensation
was made  This is showa in Table XVIL The significance of this table can
best be explained through an le. Compound No. ! is nitrogen mustard

TarLe XV11
Rrsponse o TUMOR AND NOATUMOR SYSTEMS To THi AGENTS

TUMOR 8§} $- NONTUMOR
TEMS SYSTEMS —
COMPAUND ] PER CINT £OS- | AIOLOGIC } PER CENT POS- | B0 0GIC
_‘1‘111‘55‘ + = |ITIVF RESPONSF| ACTIVITY + - Ilﬂvr RFSPONSH| ACTIMTY
il 1 3 v 41 i6 | 72 +
2 6 g 40 + 38 { 2t [ +
3 9 6 60 + i3 H 23 -
H 1 4 73 + 10 | 48 17 ~
6 9 40 + 12 | 47 20 -
& 13 2 87 + 28 30 49 +
? 9 [ 60 + 13 16 22
8 0 135 0 - 7 17 13 -
9 0 15 0 ~ 31 | 28 53 +
10 5 10 33 - 41 18 70 *
1 0 5 67 + 23 | 36 39 +
2 [T [\ - 151 43 26 -
13 1 14 7 - 33 | 26 56 M
14 0o 15 0 ~ 5 | 5¢ -
15 5 19 33 + 2 | 38 44 +
16 6 9 10 + 17 [ 1 24 -
17 s 9 40 + 28 1 28 5¢ +
18 10 5 67 + 31 28 53 +
19 3 12 20 - 31 28 53 +
20 3 12 20 - 36 | 23 61 +
H 5 10 33 - 22 | 37 37 +
22 o ! 15 [ ~ 5 ] 54 -
23 0 15 0 - 1 1 25 -
24 10 11 27 - 19 | % 32 -
26 2 13 13 - 36 | 2t 63 +
27 4 1 27 - 37 | 2 63 +
28 8 7 59 + 39 1 29 66 +

This conipound produced a positive effect agamnst eleven of the experimental
tumors and no effect on four of the experimental tumors, or a percentage
positine response of 73 The compouna akso produced a positne effect on forty-
onte of the nontumor systems and no effect on sixteen, or agam a percentage
posttine response of 72 The results for each of the other compounds have been
summarized 1n a sumlar manner It was deaided quute arbrtranily that a posi-
tne brologic actity raung would be given to those compounds which affected
one-third or more of the systems studied  Thus, Compound No I, with a
rating of 73 per cent m both the tumor and nontumor systems, has a positie
biologsc actnrty rating. Haung clasufied the compounds sn this manner, it
was possible to compare and contrast the effect of compounds on the tumor
systems and on the nontumor systems,  When this was done, 1t was found that
the correlation between the action of a compound in the tumor systems and m
the noptumor systems was poor, the over-all matching of activity between the
two Systems was no better than 50 per cent  From this evidence, as well a« a
numhber of other analyses carrted out, it was concluded that the action of comi-
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pounds against tumors was not merely an expression of general hiologic activity,
but rather that there was some specificity of action  This general conclusion
was further supported by the fact that no nontumer system was found to
vespond sufficiently like the tumor system to be used as a substitate  Finally,
an exarunation of the sesponse of the indisvidual tumors mdicated that no single
expenimental tumor responded in such a way that it alone could be used as
an antitumor screening system  Fromi the evidence available, it was conicinded
that several tumors should be utilized in such n screen.

A partial test of the validity of the conclusions reached in this expermment
can be made by comparing the results obtained against the e i t tumars
with the results obtained in the chc, Table XVIIE presents those compounds

Tasee XV

CorreraTiox Rerween Efrect oF “Actine” Covrousps Acuinst Expeamental Tunon
CREEN ASD AGAINST Human Tumors

which were found 1o be postive 1n the expernimental tumor screen, together with
thesr effect agamnst human neoplasms  Table XIX summarnizes this comparison
for the compounds adjudged Begatne in the experimental tumor screen, Al
though not alt of the compounds have been tested mn the chnic, nor have the
chinteal trials been exhaustive, the correlation, on the whole, 15 encouraging

Taeiy XIX

Coukeration Berween EFrear 6r “Ivactive’ Coscrounns Acarssy Expeamentat Tumor
ScrEEN A%D AcalnsT Husan Tumors

N . B
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Many investigators think that drugs now used in the clinic are relatively
meffective and that, therefore, the screening system must be relatively faulty
Before accepting this rather discouraging point of view, it should be noted
that the effect of these drugs on the experimental tumors also leaves much to be
desired. In fact, the action of these compounds on human neoplastic disease is,
in the mam, greater than on the experimental tumors, I, therefore, would
appear to be reasonable to hope that when compounds are found which destroy
experimental tumors effectively, their clinical activity will be comparably great.

CHEMOTHERAPY IN THE CHRONIC AND ACUTE LEUKEMIAS

The clinical chemotherapy of the blood dyscrasias will be discussed at
greater length and more authoritatisely by Dr. Morwenna Till and Dr. Joseph
H Burchenal, but 1 would merely like to offer our experience in the treatment
of the chronic leukemas with two new drugs and also to present the treatment
of acute Jeukemia in adults with masstve doses of adrenal cortical steroids

The work of members of the Chester Beatty Institute in London, under
the direction of Dr Alexander Haddow, in the desclopment of new alkylating
agents, has added two new compounds of interest, \\'nh Dr. George Timmis,
Haddow described the effect of 1,4-dmeth M yb , Myleran, on
experimental tumors **  From these observations, Dr< D A. G Galton and M.
Till carnied out climrcal studies which led to the use of this compound in the
treatment of chronic myeloid leukemta.®™ I wish to mention our results only
because they arc comparable to those obtained by Galton and Till, but our
dosage system 1s somew hat different from that used by the British inyestigators.®

In our <cries, we found that the daily oral adminwstration of 10 mg. of
Myleran can be used safely. It 1s our practice to continue this dosage unti!
the peripheral white count has been reduced to 25 per cent of ats nitial level
At this time, the drug 15 discontinued to determine the Jevel to which 1t will fall
without treatment The objective m all instances is to bring the leukocyte
count to the normal range, Table XX summarizes our results, together with

Tastr XX

TrReATMENT 0F (Hrowie MyELOID Leuxestta Wit MYLERAN

[ DURATION

barLy pose|___REMISSIONS _ |gemission

IAVESTIGATORS (MG ) | \UMBER [PER GENT|(MONTHS)
Galton and Tall"s Bt ST R R
Petrakis and assocates®s g
Haug and assoctatest® &
Gigante and associates™? i
Pribilla and Stollberg™ 5
> B
Delafield-Presby terian Group (19551 B

Grand total
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thowe obtained at other clinics. In our estimation, which reflects the consensus,
Myleran is a useful addition in the treatment of chronic myeloid leukemia

Bis-g-chlorcthylaminophenylbutyric acid, alio known as Chester Beatty
1348 and chlorambuail, recently was introduced into clinical therapy by Gal-
ton and his associates™ at the Royal Marsden Hospital. Our experience with
this compound™ 1n the treatment of chrome lymphoid Jeukerma 1s presented in
Table XXI.  As can be seen, the results are less favorable than those obtained
in the treatment of chrenic mycloid leukemia with Myleran. This is not un-
expected, for even radiotherapy docs less well in the treatment of the chronic
fymphoid dyscrasias than in the treatment of the myeloid variety.

Taste XXI
Resurrs of CB 1348 Tnrrars
UsazR OB JEGTIVE IMFROVENENT SusjECTIVE
ol e Rt v IMPROVEMENT
biAGhOsIS PATIEATS JrxcELteny|  coop \ONE__| MARKED OR NODERATE
Chranic Iymphatic I
leukemna 180 1 8 9 8

*Tuenty conrsrs

‘The treatment of acute leukemia in adults has lagged behind the treatment
of this dicease in children  Recently, Hill and Vincent® reported that large
doses of cortisone in combnation with 6-mercaptopurine and other compounds
could produce remissions in the adult acute leukenia, We hasve carried out an
investigation over the past eighteen months at our clinic on the effect of mas-
sive doses of adrenal cortical steroid 1n adults with acute leukemia.®* In eght
of sixteen adults, hematologic remissions were achicved with doses of cortisone
up to 6 Gm a day, or of prednisone n daily doses of 1 Gm  In four of these
eight, the remussions were complete with reversion of the bone marrow as well
as the penipheral blood to normal. These results, together with trials in sub-
acute Jeukerma and the blastic crsis of chronie myeloid leukemua, are summa-
rized 1n Table XXII  Although the remisstons achiesed were complete m a
significant proportion of the cases, the duration was only measurable 1n months,
and the longest duration of hfe achieved thus far has been one year The tox-
ity of masave, stesord dosage 11 appreciable, and 1t mcludes overwhelming

Taste XXII
Errect o PREDNISONE (1000 Mo Dattr) 1% AcUTe LEUKESUA of ADuLTs
HEMATOLOGIC DURATION
~UMBER OF REMISSIONS ~o oF erPECT
Digvosis cases PARTIAL | COMPLEYE |_ EFFECT | {monTas)
Acute leukemia 17 6 s § Tz
Subacute leukemia 3 1 2
Blastic crisis of chronic my-
elod leukemia 3 1 2 2
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mfection, gastrointestinal ulceration and perforation, electrolyte disturbances,
steroid diabetes, and psychic disturbances From the results of our study, we
concluded that the demonstration that hematologic remissions could be pro-
duced in adult, acute leukemia by large doses of adrenal cortical steroids was
of greater heuristic than practical value.

THE EFFECT OF BLOOD DYSCRASIAS ON HOST METABOLISM

It is increasingly recognized that the destruction of the host by an invading
tumor is less often due to impairment of vital functions through pressure or re-
placement of the infiltrating tumor cells than by more subtle and yet more
devastating effects on the normal body economy. Fever, cachexia, and anemia
constitute some of the manifestations of disruption of physiologic functions in
pattents with the leukemias. In the past few years, interesting and valuable
msight has been cast on the mechanism of anemia in the blood dyscrasias®
Marks and Bishop,™ at our institution, demonstrated a fundamental disturb-
ance in carbohydrate metabolism in patients with epithelial tumors and blood
dyscrasias. This is characterized by a decrease n the rate of glucose removal
from the crrculation as determined by an mtravenous glucose tolerance test.
Of particular pertinence to the present discussion has been the demonstration
that individuals with chronic Jeukemia who have been treated effectively with
available chemotherapeutic agents show an improvement m the abnormal car-
bohydrate metabohsm as well. The precise mechanisms imvolved in this change
in carbohydrate metabolism are under study In thss investigation, the chemo-
therapeutic agent is of great value as a research tool.

SUMMARY

Problems involved in the selection of chemotherapeutic agents for the treat-
ment of the leuhocvte dvscrasias have been presented, together with methods
of procedure currently employed. Three compounds which emerged from
empinical antitumor screenmng and were apphed to human leukenna therapy
were presented briefly  Finally, the use of chematherapeutic agents as tools to
study the pathologic physiology of leukemia was indicated

The vigorous miestigatine pursuit 1n these three areas demonstrates that
research in the leukemias 15 proceeding actinely and productively. It would
appear that reasonable, if not spectacular, progress is betng made

DISCUSSION

Dr. SecaLoFF  Those of us who have followed the course of the expen-
ments which Dr. Gelthorn outhned in the beginni have greal ad on
for the amount of work mvolved, and are disappointed at the conclusinns that
of necessity must be drawn from the data A contmuation of screening proba-
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bly will disclose a greater number of similar compounds, and perhaps some of
the similar compounds will be somewhat better. Dr. Gellhomn, would you
speculate as to the direction screening should tahe in an effort to obtain better,
similar compounds? How would you select compounds for futher screening,
and how would you sclect the dose of any given compound? It has been our
experience in animal tumors that the largest tolerated dose is not always the
optimum,

Dr. GeLrnors:  Dr. Segaloff has asked searching questions which could
be the basis of extended discussion. With regard to developments in the area
of experimental cancer chemotherapy screening, I am sure that Dr. Burchenal
could comment on the usefuiness of using mouse leukemias as test objects for
the sclection of drugs which may be eilective 13 human blood dyscrasias. In
our laboratory, we have attempted to develop a screening system which will
aid in the discosery of drugs to mhibit the growth of, or destroy, human brain
tumors. This system consists of a chemically induced ghoblastoma multiforme
in the mouse which can be serially trznﬂplantcd in the stran from which it
originally arose The tumor alo is gm\m in tissue culture. Fragments of
human bramn tumors obtai at Y ¢ y are alo grown m
vitro, The effect of compounds 15 dclcrmmcd on the mouse glioblastoma in
wvino and also 1n vitro and also on the human tumers in vitro.  Ultimately, drugs
which have an effect on some or all of the components of this multistrand screen
are evaluated on patients with brain tumors. It 1s hoped that when sufficient
data have been accumulated, this «creen will be found to have relevance to a
partscular human tumor

Dr Arthur Kirschbaum has forcefully and persuasively presented the
position that s us tumors in experimental animals should be used for
cancer chemotherapy screeming since they may be more comparable to human
cancer The pragmatic reasons for eschewing spontaneous amimal neoplasms
for routine screeming arc that they are difficult to obtain n the requisite num-
ber, their natural history 1 so vaned that reasonable untreated control groups
would be difficult to establish, and, further, no evidence has really been offered
to indicate any real advantage of these tumors over the transplantable vanety

The selection of the optimal dosage schedule 1s difficult  Since 1t 15 not
possible to translate laboratory results on this 1ssue to the chnuc, the procedure
is necessanly empinc  The mitial objectrie 1s to admnister a maximal toler-
ated dose  If this 1s effectnne, it 1s gradually reduced until experience in many
chnics leads to the defimtion of a dosage regimen with the optimal therapeutic
index

Dz Kmscupaum  After vtewmng ths array of tests mn a quest for some-
thing which will hase antitumor action, 1t seerns to me a Iittle unhkely that
such a thing will be found ~ After all, the effect of estrogenic hormone on pros-
tatic cancer 1s due to 1ts physiologic actron, and why would estrogenic hormone
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have any effect on adenocarcinoma of the colon? One can easly understand
why, in the case of prostatic cancer, there may be an effect, but not in the
second instance. As a matter of fact, anything which affects all tumars wauld
not be specifically antineoplastic, but its effect could be explained on some
other basis. As far as transplanted and spontancous tumors are concerned,
what we would really like to do is test something which closcly simulates the hu-
man disease. Because there are not enough sp leukemi. ilable at
the present time is no reason to say that the transplanted disease is better merely
Decause transplanted leukemias are more easily obtained. There is a very
good reason why the transplanted leukemia is not a valid test medium. Treat-
ment 15 instituted within one to four days after transplantation, and this inter-
feres with histocompatibility. Once the leukemia is established, then there
is no antiluckemic effect, which strongly suggests that the drug is active in
interfering with the establishment of the tumor. A correlation betwcen the
effect on the transplanted tumor and the effect on clnical disease is necessary
for a working basis

If one uses spontaneous leukemias of muce, the results are as discouraging
as they are 1n chnical leukenua, In other words, if the experiment is lpaded
w0 that results will be obtamed, the investigator may be happy, but the patient
15 not any more mprosed.  Finally, 1t 1s posstble to obtain large numbers of
spontanecous leuhemias. We do not have a tremendously Jarge colony, but we
do have as many as stx hundred spontancous Jeukemias occurring in a year. I
think that testing on spontaneous leukemia might very well precede testing on
the human disease

I am not disparaging the effort with transplanted leukemias It serves
to provide useful leads, but 1 think that we have to be realistic. The results
are disproportionately encouragmng, and I would question the statement that
the effect on human leuhemia 15 actually better than the effect of the corre-
sponding drugs on mouse leukerma 1 would ke to know the measure of
effectiveness that 1s being used

Dr. Burcuenar: The mmportant thing in a screeming test in the first
place 1s to have something that 1» moderately sensttrve. 1 you screen, as we
have, say 16,000 compounds in the past ten years, the important thing is not
to muss one which mught be effective agatnst man  That 1s one of the reasont
we Iike sarcoma 180, because 1t seems to be a fardy senutne test, and it s
true we are not treating established sarcoma 180, but rather puttng it in b
trocar and starting to gne the drug twenty-four hours alter the tumor implant
1» moculated  That v not treacaent.  That « a test for winbition of growth,
and tt 1s certamly true, as Dr Kirchbaum says, if one allows the sarcoma to
be established for ninety-six hours, st 1s harder to treat. For prehimmnary screen-
g, it does not matter too much whether bacterra or sarcoma 18(? cells are
sc;'ccncd, either in the growth inhibitory or the treatment stage  The important
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thing is to find something that indicates an effect, Then, later, after an effect
15 found cne can go on to something like established sarcoma 180, spontaneous
1 or blished transpl 1 Jeukenia, and see what these much more
rigorous tests reveal
We believe Dr Gellhorn has several discrepancies in his figures  An
example: Is methylformamide positive in mice and negative in patients®
We have tried only five patients with this compound, and it is extremely toxic to
the iver. It may be that if we could give twice the dose which we do give, it
might have some effect on tumors ~ As 1t 1, we are hnited by hver tosicity which
1s even greater in man than mice. Azaguanine causes marked dermatitis m man,
which does not occur in the dog, and may be a specific sensitivity of human skin.
Perhaps if we could give larger doses, we could affect leukermas or tumors.
The colchicine dernatrves, for nstance, were down as questionable I remem-
ber imitial positive work on colchicine 1n mouse leukerma by Dr Kirschbaum
There is some question that 1t 1s active against Hodgkin’s and other diseases, but
it 1s pretty toxic. Some of the newer dernatives are positine.  One of these
newer agents, which is by far the most potent against sarcoma 180, 1s desacetyl-
thiocolchicine It has an effect on chrome granulocytic leukemia  The diam-
nopurmne is effectine m a fairly lmited number of mouse tumors, and it is
equally hmited 1n 1ts effect on leukemias In chromic granulocytic leukemia,
1t 15 possible to show an effect with this compound, but one must have a patient
who 15 an 1ron man with copper-lined insides to do 5o, because 1t causes con-
siderable nausea and vomting  If enough can be taken, 1t lowers the count
We have seen that many times n the same patient
To come back to spontaneous leukerma, the only thing that would concern
me about deciding on a trial in patients, on the basis of final tests aganst
spontaneous leukemia, \\.ould be that there are probably different kinds of
k b lly, even 1n the same stramn of mice A com-
pound effectine against one might not be effective agamst another, 1n patients
as well as in mice I do think, however, that spontaneous mouse leukerma 1s
closer to human leukemia than any of our transplanted leukemras
Dr Gerrnorw. Both Drs Kirschbaum and Burchenal have stated that
mouse leuk 15 more parable to human leuke: than
transplantable leukermia  This appears reasonable, but only when the param-
eters are defined  In the case of screening for antileukemrc drugs, T know of no
evidence which clearly demonstrates the supeniotity of the spontaneous form
over the transplantable varieties  Dr Kirschbaum says that he has six hundred
anmals with spontaneous leukemas per year—in good years This number of
ammals would make possible the screeming of about six compounds, which 1s
scarcely a sufficeent annual output of work
Dr Burcmenar  There must be correlation with human leukemia, of
course. The system 1s significant as long as 1t correlates with respect to respanse.
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Dr, GerLnors:  Dr, Burchenal makes a plea for the use of microbiologic
systems in screemng. I reiterate that, in the study discussed, fifteen separate
species failed to indicate responses which correlated well with results for clinical
or animal tamors. 1 hasten to add that microbiologic systems can, and have,
given valuable information on mechanisms of drug action which, in turn, have
fed to the development of new antitumor drugs

Dr, Kirschbaum has asked for evidence that antitumor compounds are
more effecve in man than in animals  This could be illustrated by many
examples, but perhaps one will suffice.  Nitrogen mustard can, and does, cause
tumor regression in Hodgkin's disease and lymphosarcoma. Against experi-
mental tumors, at best, 1t produces partial inhibition of the growth rate.

Dz. Secarorr.  How many compounds that are negative when screened
hase been effecuve against leukemua? The use of neither spontaneous nor
transplanted mammary cancer in muce has been particularly helpful as an index
for the most effcctive compounds for treating human breast cancer. There-
fore, T wish to direct attention to possible screening of compounds which are
not effective agamst tumors i animals but may be cffective aganst human
fumors

Dr Kiscrsaus. I think that the correlation that Dr. Burchenal has
demonstrated between transplanted leukema and chnical leukeruas 15 quite
good, and 1 would be the last one to say that transplanted leukemia should
not be used. I realize the number of spontaneous leukemuas is too few for a
routme program, and thmk spontaneous leukemras should be mcluded  The
question anses as o why the transplanted tumor s not as comparable or not
as good an index as the spontancous tumor. One can immunize aganst the
transplanted tumor, but not agamnst the spontancous tumor, and, following
the regression of transplanted tumors, the amimal 1s mmune to renoculation
We know this host-immune response may contribute to regression, and this
may not be part of the effect of the drug  This s not true for the spontancous
neoplasm, and we have no evidence that the immune response in the patient
contributes toward the regression

Dr. GeLLumorny  That o impressne | could not question differences
between the spontancous and the transplantable apimal tumor, but this 1s not
the 15wue n our discussion  The question 1s whether or not there 1s a peculiar
value of the spontaneous versus the transplantable tumor i the selection of
drugs which will be chimicaily useful

In answer to Dr Secgaloff’s comments, we do not have a great deal of
esidence an the question of the potential hazards of false negatnes in experr-
mental chemotherapy screcung, In the expeniment which I have summarized

for you, there were eleven compounds which had no effect on animal tumors
Cross correlation with avarlable chinical evidence mdicates that the only com.
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pound which might have been mised by the experimental tumor screen is
colchicine.  This drug dud not produce an effect on the tumors, although it
may, and note I say only may, have some effect on human tumors,

Dr, Sxcatore:  Should you not test at least an equisalent fwenber of
compounds that are negatne in your screcning test against human leukemia?

Dx Burcienat: Anather thing to keep in mind vwhen talling of screen-
ing tests s that there are many screcning tests  Most screcmng tests do not
<how the adrenal sieroids to be especially effective against mouse Jeuhemia
There are certain moue leukemias that wilt respond to them, but there are not
too many. Thowe might hate been missed if only a couple of leukemias had
been used, as to your answer, 1 do not see how we can tell, short of ten thousand
compounds found negative for patients, and I do not know how we will do
that

Dr Gerenors  We do not have tme {or ten thousand, but the efeven
for the most part have been tested  This 1 my pont.

Dr Burcnzvar. Colchucine 1s negative because of towicity in man  There
s nathung practieal about colchicne  Dr. Kirschbaum wees it in his test against
mouse leukemias,

D=r Secatorr  We are not talking about toxicity

Dr Burcuenar 1 am tallng about practicshty.

Dz Seeavorr  The question &5 whether it works or not, whether it is
tovte or whether st 1> not 1ome.

Dr Burcuenar. If n s too touc, only a relatne effect 15 obtained, No
matter what the toxicty, the compound can be useful of less than a toxic dose
1 effectise, but if 1t 15 100 at a dose which 1s weffectine, 1t 15 not useful

D Secacors.  That 1s nght  Howerer, the huer can be irreparably
damaged with a compound such as one atveady mentioned, but this really has
no bearing on the pont as to whether 1t 15 minnseally an effectine compound
agamst jeukemia stsell  Admisttedly, this hmits whether or not one 15 gowmg
0 use 1t i patients, but the fundamental queshion as to us effectnenesy agamst
feukema per se has nothiag to do with its towaiy

Dr Burcuewan 1 do not agree with you  The whele idea of the screen-
g program s to get a compound to be used 0 patients 1 do not care how
effectne 1t 15 agams leukemie cefls of w cannot be used m patients because of
toxsaty Do vou see my pont?

Dr Secaters  We seem to have two different concepts 1 behere that
it may be posuble to alter 2 compound 0 2s to change 1ts ity and retamn
ity effectineness agamnst Jeukemma

D Gross | thnk there » a fundamental difference between the trans-
planted leukemsa and spontancous leukemua, and, while it may be expedient
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at the present time to use transplanted leukernia for the tests, it is possible that
certamn conclusions can be missed and certain effective compounds may be missed
if only transplanted leukemias arc used for the screcning tests. Anyone who
has worked with both transplanted and spontancous leuhemias hnows there are
basic differences In the casc of spontaneous leukemia, after a suitable length
of time, one has a varicty of forms of leukemias, some chronic, some acute.
These dfferent forms also occur in human leukemia. Spontaneous leuhemra
can be compared to the virusinduced leukemia jn the laboratory. At the
present time, we have virus-induced leukemia mn chickens which appears in
two or three weeks in 100 per cent of the chickens inoculated with cell-free
extracts. Why are chichens not used for the screening test? We may hase,
within a few years, a simular sirus-mduced leukemia as in mice. Perbaps not
all, but selected compounds should be checked against spontancous leukemia.

Dr. TiL:  We may not be wise to focus all our energies in looking for
substances that are antimetabalites, substances that will destroy the leukemic
cells, Perhaps whatever cauces leukemia causes a defictency of some essential
substance within the cells, and, as a consequence of this, the cells are unable to
mature.

Dr. Spracue. From the preceding discusston, it seems that there is no
satisfactory screemng method at the present trme. It would seem desirable
that the method of screcning that would approach human leukemia as closely
as possible would be the most desirable. Considerable work has been done in
the field of bone marrow cultures, and, perhaps by improving such methods,
tissue culture of human leukemic cells might prove the most satisfactory in
terms of screening antileukemuc agents  Certainly, 1t would seem that a con-
certed effort along this hine would be justified

Dr Burchesar: Theoretically, that 1s an excellent idea I do not know
the percentage of human leukemic cells that car be cultured, but my impres-
ston 15 that 1t 1s mughty low. Osgood has three lines of cells he has cultured,
and 1s studymg the use of synthettc media  For the purpose of discussion, let
us say the strans can be grown on synthetic medium and compounds can be
tested agamst them  The very fact that those three out of hundreds can grow
m tissue culture must mean they are brochemically different from ordinary
cells Untl a method 15 avaslable whereby we can culture every leukemc cell,
[ question the value of such a method, but 1t 15 something that should be
pursued as an umportant techmque If only special cells are cultured, they
may be of limited value as {ar as the usual leukemuc cell which 1s encountered
is concerned.

Dr. Syverton  To date, we have faided to culture mouse Jeukemic cells,
but 1t 15 not difficult to maintain them i vitro for tw ehe or more days  Another

boliz; b

cells in ¢ or

approach 15 to employ, n sitro, actnely
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admixture with a teet antimetabolite or chemical and to add a vieus ta this ad-
nuxtare. Production of virus by the cell serves as an indicator of the ability of
the test antimetabolite or chemical to influence the metabolsm and/er kift
the hovt el In other words, the inhereat capacity of the cell to pmducc sins
is a more delicate measure of 1s balism than direct ure
ment, This approach demonsisated that mowt so-called antsaral agents are
antwcellular metabolic agents which operate by mnbiting celular metabolism
ard in turn by inhibsting formation of sirus,

Dr. Burcnznavs  Is t not true that normal human cells, growing in
tissue culture, hase changed and became neoplastic, so it 15 hard to say what
a leubemic cell or any other celf will do in tswe culture?

Dr. Syverton: 1 question the statement that human cells growing io
tissue culture become neoplastic  Suppostine evidence consists of changes in
anatorme or morphologie configuration, which can be attnbuted to mfluence of
suboptimal growth medium, and to demonstration on transfer by injection of
sereral milhon eclls to man or ammal sn the production of a small nodule. Thie
nodule shows on section cells at different tissue Jevels which competent patholo-
guets interpreted as eudence of cancer This evidence s subgect to other inter-
pretation 4n so far as 1t apples to cells derssed from cell cultures and not ta
spontaneeus tumors 1 should appreciste Dy Burchenal correcting me of 1
wisunderstand the eudence to date

Dr Gerestory In cloang, I would Like to take issue with Dr Sprague’s
statement that our screeming methods ate nadequate At the present time,
I believe we can only say that the compounds which have been sereened are
wadequate  Untal we have compounds which can cure mouse feukemia but
fail to modify human leukemia sigmficantly, we cannot mdict the screenng
methadt I personally fect that when an effective drug agamst mouse tewkerua
15 uncovered, st wall also be of great value agamst human leubemua  Let us
hope that the ume will soon come when the screenmg methed can be put to
cnticatl test




Joseph V. Schloser, MD.

IRRADIATION THERAPY o LEUKEMIA

Irradiation therapy is extremely useful in the management of leukemias,
and 1t probably is responstble for more benefictal results than the majority of
therapeutic chermcal agents at hand.  This does not mean that steroid or other
chemotherapy s without salue, or that they necessanly are competitis e methods
of treatment As a matter of fact, the two methods of treatment often are
integrated. In certan situations, chemotherapy has allowed irradiation therapy
which otherwise would not have been possible. Good examples for this manage-
ment are found in cases of acute leukemia. In addition, chemotherapeutic
agents offer additional treatment to curb a crisis, and then 1rradiation therapy
may be given again  For example, patients with leukopenia who have become
resistant to further irradiation treatment have been given steroid therapy with
a change 1n the white count, and then additronal irradiation therapy has been
admunistered  In general, we prefer to start treatment with rrradiation therapy
Perhapy, m a few ivears, we may say that we prefer to start with busulfan m
nnelogenous leukema

Certain differences exist between our approach to the treatment of lym-
phocytic and of myelogenous leukenua by nradiation  Usually, an attempt 1
made to keep the blood count within faurly normal hmits  Most therapists
attempt to do thi> whether treatment consists of irradiation or a chemothera-
peutic agent However, we find that this 1s more important 1n the myelocytic
group of leukemias than m the lymphocytic group  In myclogenous leukemia,
the blood count should be mamtamned as near the normal Jevel as possible by
srradiation, but, in lymphocytic leukennas, alteration of symptomatology ss
the morc important, If the patient with lymphocytic feuhema has a tremen-

98
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dous spleen, bulky lymph nodes, or panful dreas, or if he is extremely weak or
has anemia, irradiation is given until the findings and symptoms are corrected
We have found that patients with lymphocytic leuhemia can have elevated
leubocyte counts for conaiderable periods of time, and sull remain in excellent
general condition with no particular complaints.  On the other hand, in my-
elogenous leuhemia, trouble usually follows an increase in the number of leu-
kocytes, If the high count s allowed to persist, the patient usually exhibits
more pronounced symptems,

There are four major methods of x-ray therapy. The first is that most
generally used, irradiation over the spleen  The others are: local irradiation
over ¢ither lymph nodes or visceral areas; the irradnation of large segments of
the body, usually half of the trunh, cither the chest ar the abdomen, for exten-
sive imolement in these areas; and total-body wradiation.  There are same
variations of these forms of x-ray therapy, but the small differences are of no
consequence

Splenic irradiation probably is the one that 1< most Irequently used, and
usually we use 1t first, regardless of which type of case we are treating. Fields
usually are 15 by 15 ¢m, with treatment alternating to the anterior and pos-
tesior spleen, starting at dosage levels of 23 r and wncreastng the dosage up to
100 r to 150 r per day. In unusual cases with bizarre shin and hemic mant-
festations, instial doses as small as 10 r over the spleen may be grven, gradually
increasing the dosage as before  In the case of lymphocytic leukenua, irradia-
tion over the spleen sometimes will also allow assessment of the sensitivity of
invohed lymph nodes to irradiation, since systemic effects may follow local
irradiation aver the spleen  Sufficient regression tn the size of peripheral lymph
nodcs may occur, so that much smaller dases need be admunistered ta them

ly  In myel teul local rrradiation over the spleen s
continued 1f the response s good 1 st appears that excessive wradiation over
the spleen ss required for the desired respouse, then total-body irradiation s
used,

Local x-1rradiation, of course, 1s one of the most useful ways of adminis-
tering this type of therapy. Esen tf the patient 1s having some type of chemo-
therapy, very frequently local zones of mvolvement will not regress successfully
even in a patient who 1s showmng a goed genera response to the drug, and residual
zones of involvement may be left  These can be m the form ether of an en-
larged spleen, enlarged local or mediastmal lymph nodes, or visceral involve-
ment  In many of these instances, doses in the range of about 1,000 r are
delisered to the organ itself  Often, complete dicappearance of the masses
occurs withun one week  Local Jymph node myvolsement with lymphatic
leukemia will regress completely with a sumdar dose 1n the same period of
time,
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Occasionally, patients present themselves with massive liver and splenic
imvolvement, or with extensive pulmonary infiltration, and 1n this instance we
employ a techmque or modification of it that we have used for pulmonary
metastases in other types of carcinoma. Very large fields, 25 by 25 ¢m, or
30 by 30 cm., are employed a distance of 150 c¢m. from the tube, and daly
doses in air in the range of 50 r to 75 r are administered each day, alternatng
anterior and posterior ports. In the case of leuhernia, the dosage required is
lower than when carcinoma is treated. The usual dosage 1s 1,000 r to 1,250 r
m i to the chest within a period of approximately one month, Leukemic in-
filtrations may disappear even sooner. Althaugh a dosc of 1,000 r in a month's
time may seem smaller than 1,000 r delivered in one week to the small local
areas of mvolsement mentioned previously, actually it represents higher energy
absorption because of the tremendous volume of the field. In like fashion,
when total-body 1rradiation 1s given, dosage is reduced even more than the usual
75 r per day tolerated by half of the trunk.

The last method of treatment is the one we are using more and more. As
a matter of fact, some of our more recent paticnts have been treated by total-
body 1rradiation almost exclusively, after a test dose of irradiation to the spleen
to check the likelihood of a crisis with precipitous fall in the white count. We
obtain blood counts at intervals of one month to six weeks, use total-body irradi-
ation to bring the count to normal, and, when the count shows a tendency to
rise, then give more whole-body irradiation. The method of Mayneord™ is
used 1n calculating the dosage of total-body rrradiation.  You will recall that
when Dr. Upton wished to determine the energy absorption in his mice, he con-
sidered only the roentgens delivered and the weight of the mouse, because there
15 not appreciable absorption from pomt of entrance to exit. This dustance in
patients 1s sufficiently great to make a correction for the intensity of irradiation
necessary  Dosage 1s calculated on the basis of energy absorption per unit mass
of tissue  Our plan of treatment has been to administer daily doses of one
megagram roentgen, alternating anterior and posterior exposures for four doses
After a mummum nterval of one day, this may be repeated for a maxuimum
total of sixteen to twenty megagram roentgens.

We have compared the results obtamed with whole-body irradiation thes-
apy of twenty-sesen patients with myelogenous leukemia to the survival of
twenty-four patients treated with splenic irradiation When all factors such as
sunival for a period sufficiently long to recene total-body wradiation are taken
into consideration, we found no significant difference between the survinal fol-
lowing the two types of treatment, respectinely Unfortunately, cases of lym-
phatic disease suitable for such a companson were not great enough for vald
cvaluation

e have changed our views recently concerning irradsation for acute leu-
hemia, due to the altered course of the disease following steroids and ¢hemo-
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therapy. Although we continue to be extremely cautious about the amounts
of irradiation used, these patients frequently have enlarged lymphoid tissue in
the pharnyx, tonsillar area, neck, and spleen which is symptomatic and may not
only be very burdensome but also a factor in survival  In one instance, lymph-
oid tissue in the pharynx was encroaching on the laryngeal and esophageal in-
let.  Small doses of radiation over these areas may produce remarkable regres-
ston, and the symptomatic improsement is worth while, even though temporary.

The remarhs which have been made are based on an analysis of fifty-three
cases of lymphatic lcukemia and sixty-five cases of myelogenous Jeukemia treated
by irradiation therapy. These data, as well as results obtained by others, in-
dicate that sunvival of leukemic patients properly treated compares favorably
to that following the onset of many types of cancer.

(For Discussion, see p. 118)



100 LTIOLOGY AND TREATMENT OF LEUKLMIA

Occasionally, patients present themselves with massive liver and splenic
mvolvement, or with extensive pulmonary infiltration, and in this instance we
employ a technique or modification of 1t that we have used for pulmenary
metastases in other types of carcimoma  Very large fields, 25 by 25 cn. or
30 by 30 cm, are employed a distance of 150 ¢cm. from the tube, and daily
doses 1n air in the range of 50 r to 75 r are administered each day, alternating
anterior and posterior ports. In the case of leukemia, the dosage required 1s
lower than when carcinoma is treated, The usual dosage is 1,000 rto 1,250 ¢
i air to the chest within a period of approximately one month, Leukemic in-
filtrations may disappear even sooner. Although a dose of 1,000 r in a month’s
time may seem smaller than 1,000 r delivered in one week to the small local
areas of mvolvement mentioned previously, actually it represents higher energy
absorption because of the tremendous volume of the field. In like fashion,
when total-body irradiation is given, dosage is reduced even more than the usual
75 r per day tolerated by half of the trunk.

The last method of treatment 1s the one we are using more and more. As
a matter of fact, some of our more recent patients have been treated by total-
body irradiation almost exclusively, after a test dose of irradiation to the spleen
to check the ikelihood of a crisis with precipitous fall in the white count. We
obtain blood counts at intervals of one month to six weeks, use total-body irradi-
ation to bring the count to normal, and, when the count shows a tendency to
rise, then give more whole-body irradiation. The method of Mayneord® is
used 1n calculating the dosage of total-body irradiation  You will recall that
when Dr. Upton wished to determine the energy absorption in his mice, he con-
sidered only the roentgens delivered and the weight of the mouse, because there
1s not appreciable absorption from pomnt of entrance to exit. This distance 1
patents 1s sufficiently great to make a correction for the mtensity of irradation
necessary. Dosage 1s calculated on the basis of energy absorption per unit mass
of ussue  QOur plan of treatment has been to administer daily doscs of one
megagram roentgen, alternating antenor and posterior exposures for four doses
After a mummum mnterval of one day, this may be repeated for a maximum
total of sixteen to twenty megagram roentgens

We have compared the results obtamed with whole-body irradiation ther-
apy of twenty-seven patients with myelogenous leukemia to the survnal of
twenty-four patients treated with splenic irradration When all factors such as
survival for a penod sufficiently long to recewve total-body irradiation are taken
into consideration, we found no significant difference between the survnval fol-
lowing the two types of treatment, respectively Unfortunately, cases of lym-
phatic disease sutable for such a comparison were not great enough for vahd
evaluation.

We have changed our views recently concerning irradiation for acute leu-

hemia, due to the altered course of the disease following steroids and chemo-
s
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chronic myclogenous lenkemia, busulfan is as effective as repeated splenic irradi-
ation, and it is mare convenient to the patient.  We have not compared its
cfliciency with that of whole-body irradiation or radioactive phosphorus admin-
wstered according to Osgood's recommendation, but we belicve it to be superior
to other chemotherapeutic agents such as triethylene melamine, urethan, ben-
2zene, or arsenic.  The response is less erratic with busulfan, remissions are longer,
and there arc no side cffects if the drug 1< admmistered properly. Pauents have
heen maintained 1n good chnical and hematologic condition for periods of two
to five vears on busulfan alone,

Although various dose schedules were employed n the carly stages of
clinical trial, we have not used daily doses greater than 0 065 mg. per kilogram
{40 mg dail for most pafients) in the last four vears. .An mitial loading dose
was used a few tmes but was not found helpful  Doses larger than 60 mg
daily offer no advantages and may cause severe bone marrow damage  These
large dowes cause the leuhocyte count to fall as quickly as 1t does following
splenic srradiation, but the subseq rise 1n h lobin level 1s not greater,
and does not occur sooner, than in patients recening 40 mg, daily  In our
experience, hemoglobin levels usually start to rise after four weeks of treatment
and reach normal values after approumately three months  This pattern is
smilar 1 patients treated with either splenic wradiation or busulfan, and the
rate of elevation m hemoglobin level depends upon the nitial value, bemng inde-
pendent of the rate of decrease in leukocytes  Patients receiving daily doses of
4.0 mg. busulfan normally show <ome fall of leukocste count during the first
month of treatment, but occasionalls there is no significant fall for six or even
eight weeks  This may lead to the abandonment of the treatment by some clini-
ctans on the ground that the patient i resistant to busulfan  Patients showing
this delayed response are often those who have recened several previous courses
of splenic irradtation with remsssions of shorter and shorter duration between

courses  These patents may do well on busulfan if 1t 15 admunistered continu-
ously

A small number of other patients who have recened no previous radio-
therapy may also respond slowls to busulfan. There usually 1s great subjective
Improvement, even though the leuhocyte count fall slowly and the number of
tmmaturse cells in the peripheral blood remains high  The spleen 1n such cases,
although decreasing 1n size considerably, tends to remam moderately enlarged
We find continuous treatment 15 more satisfactory than mtermittent treatment
in these cases abo

Fig. 12 shows the slow response to busulfan 1n a patient who had recerved
two previous courses of radiotherapy The long wnterval before the leukocyte
count reached normal levels should be noted, also, the hemoglobin contmued to
fall slowly during the fint eight weeks of busulfan treatment, but 1t rose subse-
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THE USE ¢ CHLORAMBUCIL (CB 1348) und
BUSULFAN (MYLERAN) s the
TREATMENT of LEUKEMIA ™

On this my first viait to the Unrted States, 1t has been a great pleasure to
meet so many distinguished worhkers i the field of Jeukemia, and to learn so
much about their ideas and opintons on the subject  In return, I should like to
tell you something of the views of Dr, Galton and myself on the treatment of
leukemia with two drugs first synthesized at the Chester Beatty Research Insti-
tute ‘The first of these 1s busulfan (Myleran), and the second, y-(p-di-2-chloro-
cthylammophem) butvnc acd (chlorambucil), has the code name GB 1348
and 15 an aromatic mtrogen mustard suitable for oral admimstration

TREATMENT WITH BUSULFAN

It 15 now widely accepted that busulfan can induce remissions awgciated
with fall of leukocyte count, regression of the spleen, and a risc of hemoglobn
n panents with chronic myclogenous leuherma  The only patients we have
seen who proved resistant to the drug imuaily werc those already in blastic
relapse, and one paticnt in whom there was no clear distincuon from nonleu-
kemic myelosis, We have found that i the long-term treatment of cases of

+The wark has been supported by grants to the Chester Beatty Research Institute (In-
ststute of Cancer Research  Roval Cancer Hospual) from the Beitish Empire Cancer Cam-
pugn, the Jane Coffin Childs Memonal Fund for Medical Research, the Anna Fuller Fund,
P e Natonal Caneer Institute of the National Insututes of Health, United Stares Pablic

Heayth Service
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Tiz 13 —Blood counts of a patient with chromc myelogenous Irukemia who recened

two courses of busulfan followed by continuous therapy  (From Galton, D A G, and Till,
M Lancet 1: 425, 1955 )
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quently without the aid of transfusion. This patient remained well on con-
tinuous treatment with busulfan for more than two years During this time, he
was very fit and able to carry on his business, which entailed extensne global
traveling.

In new cascs, we do not start treatment if the patient has no complaints.
When symptoms occur, we give a course of busulfan, 4.0 mg. daily, and if, as
in the majority of cases, the leukocytes fall satisfactorily, the drug is stopped
when the leukocyte count reaches a level of approximately 10,000 per cubic
milimeter. Such a course may last two to three months. After this, we do not
treat again until symptoms recur, which may not be for another twelie months
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Iig 12 Blood counts of a patient with chromc myelogenous leuhemia who was treated
with continuous busulfan therapy aftir two cousses of raditherapy  (From Galton, D. A
G and Tdl. M Lancet I: 425 1955+

or more Most pattents show a slow but steady increase mn total Icukocyte count
after the drug 1s stopped, and immature leukocytes reappear m the peripheral
blood within stx months  Symptoms usually do nat recur untd the hemogloinn
has fallen to 10 Gm, at which ume the leukocyte count may be up to 200,000
per cubic mullimeter.  When busulfan 1« given again, the mmediate response
1 2s good as 1t was to the first course, but relapse starts carlier, and then con-
tinuous administration s required

The chart of a woman 40 vears of age with chromic myelogenous leukemia
appears in Fig. 13 The diagnoss was first mn‘dc nine months before the period
canered by thes chart, at which tume she received treatment with 3.5 mc P,
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as continuous therapy for <everal months with twice that daily dose has been
requited in other cases,  Simmlar sariabibty of response to ¢ m chronic
Jymphocytic leuhema §s well known with other forms of treatment We have
1reated only thirteer potients with chronic lymphocyne Jeukemia, ang, of these,
seven responded wello This is a small number of patients, and none has been
followed fat donger than threc years; but our results suggest that the drug may
prove useful in the managment of patients sk thi diseace.

We do nat treat symptomless patents, but, when symptoms nccur, we
start by using a dose of & 1 mg. per hilogram (approwmately 4 G to 6 0 mg. in
most cases) dardy by mouth  This dore s increased 10 82 mg. per hilogram
daily after four weehs 1f there has been no respanse, but smprovcment is hikely to
occur during the third or Jourth week of treatment  We discontinue the drog
when the teukocyte count reaches normal levels or the lymph nodes and spieen
have regressed satisfattorsly  Treatment 1s started agamn only when symptams
tecur. We feel that repeated short courses of chlorambiucil are hetier than an
attempt at maintenance  Conunuous adminustration would risk bone marrow
damage and posably would gite an Husion of mamnternance to a remission that
would have proreeded without further treatment

Severely anemic panents may do well  Four patients wih hemoglobin less
than § Gm had good vemussions, sith elevation of the value to approximately
12 Gm withi five ¢o v months froms the begrnmng of treatment, but netther
of two patients with severe anenua and a poatsse diract Coombs' test dertsed
benefit from the dewg  There are no gastromtesunaf side effects ualess much
larger doses are given intratenously A most mpartant toxic effect of chloram-
buctd, a8 with all evtotoxic agents used n the treatmeat of tus disease, 5s the
oceurrence of purptra due to thrombocytopenta  Patrents with chinseal evie
dence of purpura are nat sustable for teeatarent with this drug

Insnat thrombaocytopema, haweser, s not of xself a contraindication tg the
uie of chlorambuail, provided the daub dose does not exceed 0.1 mg per kilow
gram  Only one patent in our series devefoped purpura  Her platelet count
mutially was 45,000 per cubie milhimeter, and, alter four weeks' treatment with
a dote of chil bucil of (192 mg per kil {tss1ce the dose we now usej, she
develaped widespread petechsae There was no hemarrhage from mucaus mem-
branes  The drug was dusconeatiued, and the platelet count subtequently rose
to 20,000 per cubic millimeter  Remussion continued for eighteen months  Pa-
nents with lymphacytie hmphoma but ng peripheral lymphacytous aha vary
m thewr seamtnity o chlorambucit  Those with heavy Jsmphocytic nfifra-
#0031 the bone marrow requre smaller doses than those with appareatly nor-
mal bone marraw  Chl bucn 25 easy to ad and in our hands appears
to be much safer than tnethyJene melanune  We feel that this drug ks well worth
further tnal in 1he treatment of all types of chrome hymphocytic lymphoma
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The chart shows a satisfactory response to the first course of busulfan and a
good mitial response to a second course given fourteen months later. The second
time, however, relapee occurred almost as soon as the drug was withdrawn, but
maintenance therapy with busulfan effected control for a further twelve months.
Blastic relapse occurred four years after the diagnosis was first made,

Patients vary greatly in the dose required during maintenance. Some are
sensitive and require only 0.5 mg. daily to maintain the leukocyte count at nor-
mal Jevels. Others need 4.0 mg dady. Adjustments of 0.5 mg are made in the
daily dose at interals, according to the level of the leukocyte count. Usually, a
patient requires increasing doses of busulfan as time passes, to keep pace with
the progress of the disease  Such increasing doses usually do not exceed the
daily dose given at the start of treatment, and thus therc is ittle risk of throm-
bocytopenia  Fig 14 shows the chart of a woman 21 years of age who received
continuous treatment with busulfan. The increasing requirement of the drug as
time pasees js well demonstrated. It is of interest that this patient became
amenorrheic a few months after starting busulfan, and subsequently deseloped
severe menopausal symptoms.

When resistance to busulfan esentually develops after long periods of
maintenance therapy, this may manifest itself in three different ways  There
may be a relatively sudden rise 1y the peripheral leukocy te count, which consits
mainly of blasts, there may be a fall in the leukocyte count to Jeukopenic levels,
with a relatine increase in blasts, or there may be a sery slowly mcreasing ane-
mia, to which the patient becomes well adapted, together with an enlarging
spleen  The pertpheral leuhocyte count may remain constantly betwcen 20,000
and 30,000 per cubi mullimeter w the latter group of patients, but the spleen
may enlarge so as to fill the abdomen and give nise to symptoms due to pres-
surc  The bane marrow 10 such caces usually is by pocellular  If busulfan 1s dss-
continued, the peripheral count rises very rapidly and contamns a hxgh' propor-
tton of primitine cells  The patient experiences severe malase, with hxg{l fever
and generalized puns  If another form of therapy 1< begun at this time, 1t
should, therefore, be gnen i addition to busulfan, which mav be withdrawn
later when control has been <ecured with alternatise therapy  Radrotherapy to
the enlargiag splecn sometimes may rebieve the ducomfort for 2 short while, but
st does not reduce the size of the spleen sigmficantly Al three chinical tvpes of
busulfan-resistant cases may respond for a short time to 6-mercaptopurine

TREATMENT WITH CHLORAMBUCIL

In marhed contrast to the untform response of pattents with chromic mye-
logenous leuhemia to busulfan, those with chromie hymphocytic leukemia show
m?dc vanation i their respome to chlorambucil  Remrvion lasting a year has
followed treatment with only 0 1 mg per hilogram daily for three wecks, where-



Jouph H Burckenal, MD

TREATMENT of LEUKEMIA*

SCREENING OF AGENTS

We wish pnmanly to discuss the treatment of acute leukemias. Certanly,
we need new agents, smee none of the drugs that we have at the present time
are too satisfactory in the treatment of leuhemia. There are many ways of look-
ing for these agents, and, although screening programs have already been
discussed, I would like to mention the one used at the Sloan-Kettering Institute
Compounds from various pharm: 1 houses, from chermical companies, and
from departments of chemistry at vanious unnersities are assembled, their prop-
erties are catalogued, and a preliminan screening test with sarcoma 180 1s used in
mice In our estimation, this 1s the simplest techmque and the one most eco-
nomical of time and of mice  Since 1946, over 16 000 crystallmc cumpuumh
of known chemical structure and 10,000 add mic!
filtrates have been included in these studies  If they have an inhibitory effect
or are promising otherwise, they may be tried m secondary tests.

Scveral strams of mouse leukemia (both those sensitive to and resistant to
the comentional methods of therapy of human leukerma) and a spectrum of
some twenty mouse and rat tumors are mcluded 1n the screentng  Effects on
the developing chick embryo also may be scrutimized carefully, since embryonic
tissue often will respond to the same drugs that will affect cancer They also
may be added to tissue culture in which normal and neoplastic cells are grown

*These studies were supported by research grant CY-3215 from the National Cancer
Institute of the National Institutes of Health, Urnuted States Public Health Service, snstitutional
grants from the Amencan Cancer Soviety, the Damon Runyon Memorial Fund for Gancer Re-
search, Lasker F
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REPRODUCTIVE SYSTEM AND THE THERAPY OF LEUKEMIA

Busulfan and chlorambucil, hke other alkylating agents, cause extensive
damage to the gonads of cxperimental animals. Swunilar damage in patients
under treatment with either of these drugs 15 manifest by the occurrence of
amenorrhea in women and gynecomastia in men. Mention was made earher of
our patient who became amenorsheic while on continuous treatment with bu-
sulfan. We have seen gynecomastia m two patients receiving busulfan and in ane
treated with chlorambucil. In all these cases, this condition was unilateral and
lasted a few weeks only, in spite of the continued use of the drugs.

Pregnancy in leukemia is rare, but more than one author has described
patients with chronic myelogenous leukemia surviving more than one pregnancy
during the course of thetr disease There are various aspects to consider in the
management of such cases.

The effect of the pregnancy may be very slight, Patients with acute leu-
kemia tend to abort, but patients with chronic leukemia, 1 spite of their po-
tential hemorrhagic hazards, tend to have normal pregnancies with no excessive
bleeding at term, and the general course of the disease is unaffected. The effect
of the mother’s leukemia upon the cluld cannot easily be ascertained from the lit-
erature  All reported infants were normal at birth. None was followed more
than a few years In view of Dr. Gross’s worh, it would seem most important to
know what happens to these children in Jater hfe.

1t 15 the effect of the treatment of the leukemua upon the fetus that con-
cerns us most today Small doses of spleme irraduation or radioactive phos-
phorus have been given to leukemic patients carly in pregnancy without ill
effects, and no patients so treated have required further therapy until after
deliverv. We, personally, have not treated any pregnant patients with busulfan,
and we would hesitate to doso  Bollag gave a single dose (10 mg per kilogram)
of this drug to rats late m pregnancy, and he found the infant rats to be sterile,
with atrophic gonads In view of this, it would seem unwise to gite mainte-
nance doses of busulfan during pregnancy  Patients already receiving contunu-
ous treatment with busullfan are, however, unlikeh to become pregnant, owing
to the sterihzing effect of the drug

(For Discusston, sce p. 118 )
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ually enlarge, or, toward the end of the disease, may develop bone pains  These
localized symptoms also may respond well to treatment by locahzed irradiation.

Patients who are not responsive to Amethoptenin may respond to steroids.
and the opposite is also true. Between the groups of the steroids, the folic acid

gonists, and 6- ptopurine, there 1s no cross resistance.  Usually, how-
cver, if a patient 1s resistant to one steroid, he will be resistant to all steroids
If he s resistant to one folic acid antagonist, all will be incffective  As to 6-
mercaptopurine and thioguanine, 1f onc has failed, the other probably will not
be uselul,

Steroids are useful in causing remussions in children with acute leukemia,
quite useful in young adults up to the age of 30, and less useful over the age of
30, unless very high doses in the order of a gram of cortisone or Meticorten daily
are used. Faen with high doses, results in adults over the age of 40 are not
nearly as satisfactory as they are in children, Folic acid antagonists act by con-
version of folic acid to a reduced form, tetrahydropteroylglutamic acid, an in-
termediate in the production of ologically acuve folnic acid in the body
These are the most useful of compounds in the acute leukemias of child-
hood  Unfortunately, in our expenence, over the age of 8 or 10 they are not
as satisfactory as they are in younger children, and over the age of puberty they
are effectise infrequently, Using folic acid analogues alone, we have rarely
seen remussions 1n adults I have <een a rermission in one woman 28 years of
age, and I have heard of one 1n a person 35 years of age, but they are extremely
rare. Adults who have been treated with purine antagonists and either have
had a rerussion and then developed resistance toit, or who haie had treatment
for a long penod of ime, may respond to Amethoptenn, A trial, with cautious
adminstration of the drug, seems justified 1n these patients

Mercaptopurine, thioguanine, and 6-chloropurine will produce remission
m children and in adults with acute leukermia They also will preduce remus-
sions int patients with chrome granulocytic leukemia  The effective dosage of
these first two compounds 1n man 1s about the same  We have not as yet seen
any advantage of thioguanine over mercaptopurine, and we are not using it for
that reason  Also, 6-chloropurine in children seems to be about as effectise as
mercaptopunne, but no better  Dr Ellison, in our group, 1s now studying 6-
chloropurine in adults with acute leukemta, and there are some fragmentary
preliminary data which scem to show that adults, particularly adults over the
age of 40, trcated with 6-chloropurine have a higher incidence of remussions
Several cooperatine groups are attempting to determne whether this 1s a real
superionity, or whether 1t 1s due to a relatiely larger dose of 6-chloropurine

Mercaptopurine 1s given orally, the usual dose 15 2.5 mg per kilogram of
body weight daly This amounts to approxmmately 50 mg per day i a child,
and from 100 to 200 mg per day in an adult; 1t must be gien for long periods
of ime  Remussions under three to eight weeks should not be expected, This
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side by side by the roller-tube technique. Compounds also may be tried for
their effect against malds and fungi and bacteria. 1f a compound is effective
against sarcoma 180, some of the mouse leukemias, and one or two ather tests,
clinical screening then is undertaken.

For clinicians, two things are of primary iaterest. (1) the maximum tol-
erated dose; (2] the system affected most. Dogs are used to investigate these
questions, because organs damaged in the dog are likely to be the same ones
affected first 1n the patient when he is treated with the drug  Once data are
obtained from canme experiments, cautious explorations with patients are pos-
sible.  Furst, patients with far-advanced carcinoma are treated by increasing
the drug gradually until beneficial effect is seen or the limit of toxicity is
reached  Calcium and uric acid excretion may aid in evaluating the effect
of the agent used. Finally, the value of any new compound must be assessed in
relation to other methods of treatment.

PRINCIPLES OF TREATMENT

Certain basic principles that we are using 1n the treatment of acute leu-
kemias may bear repetition. In the first place, we have two classes of agents
thag can be used in the treatment of acute Jeukemia. We have the antimetab-
olites, consisting of folic acid antagonists, purine antagonusts, and, questionably,
the glutamine antagonssts  The steraids comprise the other group  Definite
indications eust for the use of both types of agents. The stermds act more
rapidly than the antmetabolites Improvement may cccur within a week’s
time or even less when steroid 1s admunistered, whereas the antimetabolites rarely
exert any beneficial effect on the bone marrow for three to eight weehs. The
drscase eventually becomes resistant to all these agents.  This occurs more quickly
with the steroids than with the anttmetabolites as a rule, but steraids are useful
at times when antimetabolites cannot be used  On the other hand, when the
patient’s condition allows three to eight wecks for an attempt to obtamn a remis-
sion, then the antimetabolites should be used and the steroids saved for the
emergency, when time 15 at a premwum.  Concevably, one might use the com-
bination of sterords and antimetabolites, but we think it 15 better to reserve the
sterawds for the ttme which will surely come, when thev and they alone will be
effectne. If the patient 1s acutels 1ll, has high fever, petechrac, and vartous es1-
dences of blecding, we think it 1s essentral to start with steroids.

In additton to using these specific forms of therapy, one should use antr-
biotics at the first sign of infection  Transfusions should be used when indscated,
alo Patients with menngeal mfiltcation may develop headache, papilledema,
and other evidence of increased cerebrospmal flud  They usually ean be bene-
fited by wradiation over the shull, even though bone martow and penipheral
blood may not require treatment Also, some patients m fairly good remision,

as far as marrow and peripheral blood are concerned, have kidneys which grad-
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ually enlarge, or, toward the end of the disease, may desvelop bone pains These
localized symptoms alvo may respend well to treatment by locahzed irradiation

Patients who are not responsine to .Amethopterin may respond to steroids,
and the opposite is also true.  Between the groups of the steroids, the folic acid

ists, and G-mercaptopurine, there Is no cross resistance.  Usually, how-
ever, 1f a patient 15 resistant to one steroid, he will be resistant to all steroids,
1M he is resistant to one folic acid antagonist, all will be incffective. .\s to 6+
mercaptopurine and thioguanine, if one has failed, the other probably will not
be useful.

Steroids are useful in causing remissions in children with acute leukemia,
quite useful in young adults up to the age of 30, and less uscful over the age of
30, unless very high doses in the order of a gram of cartisane or Meticorten daily
are used. Even with high doscs. recults in adults over the age of 40 are not
nearly as satisfactory as they are 1n children  Folic acid antagonists act by con-
version of folic acid to a reduced form, tetrahydropteroylglutamic acid, an in-
termediate 1n the production of biologically active folinic acid in the body
These arc the most uscful of compounds in the acute leukemias of child-
hood Unfortunately, in our experience, over the age of 8 or 10 they are not
as satisfactory as they arc m younger children, and over the age of puberty they
are effective infrequently Using folic acid analogues alone, we have rarely
seen remisvons 1 adults I have seen a remusion i one woman 28 years of
age, and § have heard of one in a person 35 years of age, but they are extremely
rare. Adults who have been treated with purine antagomsts and etther have
had a remission and then developed resistance to it, or who have had treatment
for a long period of time, may tespond to \methoptern. A tnal, with cautious
admimistration of the drug, seems justified 1n these patients

Mercaptopurine, throguanine, and 6-chloropurine will produce remision
in children and 1n adults with acute leuhemia  They alco will produce remis-
wons m pattents with chromic granulocvtic leukemia  The effective dosage of
these first two compounds in man 1s about the same  We have not as yet seen
any advantage of tt over mercaptopunne, and we are not using it for
that reason  Also, 6-chloropunne in children seems to be about as effective as
mercaptopurine, but no better Dr Ellison, mn our group, 1s now studying 6-
chloropurine in adults with acute leukenna, and there are some fragmentary
prelimmnary data which seem to show that adults, particularly adults over the
age of 40, treated with G-chloropurine have a higher incidence of renussions

Several cooperatine groups are attempting to determine whether this 1s a real
superionity, or whether 1t is due to a relatnvely larger dose of 6-chloropurine
Mercaptopunine 1s given orally, the usual dose 15 25 mg. per kilogram of
body weight daly  This amounts to approximately 50 mg per day in a child,
and from 100 to 200 mg per day in an adult, 1t must be ghen for long periods
of tme  Remissions under three to eight weeks should not be expected  This
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information has been circulated widely, but requests for advice from physicians
indicate to us that it is not widely known, Although treatment lasts from six
to twelve weeks as a rule, patients may at times become worsc in a few weeks,
and delaying steroid therapy obviously is madsisable. In the absence of unto-
ward symptoms, however, we continue treatment at least eight weehs before
deciding it is ineffective. In some of the most satisfactory responses obtained,
we have noted some evidence of remission in cight weeks, but not really a com-
plete remission for ten or twelve weehs.  The toxicity of the drug in this dosage
level 15 minimal, but bone marrow depression occurs after excessne dosage
When the leukemic count ts high, the rapid fall in leukocyte count probably is
thesapeutic rather than toxic. In patients with a very high white count, par-
ticularly with extensive mvolvement of lymph nodes, a rapid fall in leukocyte
count may be assocrated with abnormally high excretion of uric acid and with
renal shutdown. In this group of patients, cautious administration is mandatory.
Gastrointestinal complaints, including nausea and vomiting, may occur in adults
gien mercaptopurine, but they are rare. In contrast to the folic acid antago-
mists, which prevent the de novo synthesis of purines and pyrimidines, this com-
pound interferes with the incorporation of preformed purines, their nucleosides
and nucleotides, into nucleic acid

In general, the remisstons are slightly shorter in a chuld with acute leukemia
after treatment with mercaptopurme than those expected after treatment with
folic acid antagonists  Qur series show approximately four monthy” actual re-
nussion as the avcrage with mercaptopurine, exclusie of the time of treatment
necessary to bring the patient mnto remisaon, The possibilities of combining it
with other substances which mught mercase the length of remisston wall be dis-
cussed later

Mercaptopunne and other punne antagonists will produce remissions
a high percentage of the patients with chrome granulocytic leakerma, It)sim-
posuble to sav at the present time how 1t compares with busulfan or irradiation
because enough time has not elapsed for evaluation. The patent must be ob-
served more closcly o regulate dosage properly than when either bwsalfan or
irradiation ts adonnistered  In most cases of chronic granulocytic lenkemia
treated with mercaptopurme, one must treat the panent contmuously, afthough
occasionally 2 patient with this tvpe of feuheria docs welt on intermittent ther-
apy ‘This s the esception rather than the rule

The compound o-thazoacetil-L-sermne has a defimte cffect agamst mam
animal tumors  Unfortunatels, resalts are not promusing when 1t 15 gnen to
patients It has a shight effect in ternunal Hodgkin s discase, with responses last-
ing two to three weehsn.  In children with acute feuhenma, it causes partial reaue
agamn Jasting three or four weehs 1 an occasional patient  In combination

oses of mercaptopurme, however, quarter doses of djazoacenl-t -
w, b1
M )

<ons,

with guarter ¢ *
serinc in sarcoma 180 1 mice have been shown by Clarke and associates
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be more effective than full doses of either compound alone  For that reason, we
have treated children with acute leukemia with this combination of azaserine and
mercaptopurine.  We begin with 25 mg. mercaptopurine per kilogram of body
weight and an equal dosc of azaserine. When the two compounds are given
together, one is Iikely to encounter sore mouth, red tongue, and ulcerations of the
ntucosa of the tongue from the combination when given in this dosage. If this
rather frequent complication occurs, the azaserine should be discontinued for a
few days and then continued at one-half the original dose. Most patients will tol-
erate approximately 10 to 1.5 mg per hilogram of the azaserine along with full
doses of mercaptopurine.

Nucleic acids are built in part from small units such as formate, glycine,
glutamine, and CO:, and, as the body gradually assembles various components
of the purine ring, certain steps in this synthetic pathway may be blocked by
various antitumor agents. The antifolic compounds, for instance, are known to
block the addition of one-carbon fragment to glycine amide ribotide and are
also known to block the incorporation of a one-carbon fragment into the 2 posi-
tion, to make hy po‘(:mthmc nboudc \lcrcaptopunnc presumably blocks the con-
version of a ¥ mto the adenme and guanine
of nucleic acid. :\za‘enn: blocls (hc comersion of formy! glycine amide ribo-
tide to formy! glycine amidine mbotide  Mercaptopunine and azaserine, in
blocking the pathway at two different levels, should diminish the synthests of
certain nucleic acids necessary for leukenuc cells, and thus have more effect than
the one compound alone  This pnnaiple of sequential mhibition was enunciated
by Dr. Potter many years ago, and seems to have real possibilittes in present-day
chemotherapy  For some reason, the combinatton of folic acid antagonists with
mercaptopunne does not seem to be selectively synergistic i most tumor sys-
tems  Slight synergistic effects are offset by additive toxicaty

We studied a senies of twenty-nine patients selected because they were not
critically ill  Of these twenty-nine patients, a surprisingly high number, twenty,
had complete remissions as defined by criterta which have been promulgated
by the Chnical Studies Panel of the Cancer Chemotherapy National Service Cen-
ter  Three patients had partial remissions, and six were faldures  More im-
portant, the average length of complete remission was 6 2 months  Remission
was tabulated independently from the total tme of treatment Remussion
after combned treatment 1s two months longer on the average than with mercap-
topurine alone  Control studies are not satisfactorv as vet n the group treated
with mercaptopurine alone, and final conclusions must await a more compre-
hensie series  For some reason, this combination of drugs has niot yielded bet-
ter results mn our hands than mercaptopurme alone tn adults with acute leukemta

Progress defimtelv 1s beng made i the treatment of leuhema  Thven
selected 208 cases of leukerma 1n children who had no speafic therapy. They
were treated at another time than those with which they may be compared, they
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did not have comparable antibiotic and transfusion therapy, and many of the
doctors who treated them did not have quite the zeal of modern chemother-
apists. The median survival time 1 the series was 3.9 months from omet to
death  Among 154 children admitted to Memorial Hospital and treated with
antifolic acids and/or the steroids, the median sunvival ime was eight months
In a senes of 174 cansecutise cases of acute leukemia in children treated since
June, 1952, when mercaptopurine first became available to us in addition to the
other agents, 50 per cent were alive over twelie months from the onset of their
disease. It is not possible to report on the effect of mercaptopurme alone on
survival time, since other therapy is instituted when refapse occurs. Some of
these patients obvioudly were very ill on admission, were given a few doses of
ACTH or cortisone, and died within a few hours or days after treatment was
started  They are all included in the serics, however, since the other agents were
available for their treatment if they had been indicated. These results and those
of others indicate that progress, though slow, is being made in the treatment of

acute leukemia compared to the results obtained ten years ago.

(For Discussion, see p 118.)
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CLINICAL MANAGEMENT ¢ LEUKEMIA

Some time ago, a wcll-hnown hematologist gave a talk on the use of
urethan mn the treatment of chronic myeloid leukemia and was quite enthusi-
astic.  After the presentation, T had an opportunits to talk with him privately and
asked him the hind of treatment he would request if he had chronic myelord
leukemna  He said, “I would find the best radiologist 1 know and ask him to
treat me.”  One of the things we have to keep in mund in a conference like this,
or m reading about therapeutic agents, 1s the fact that, when we are concerned
with scrceming and the effort to find out the fundamental proces<es, someone
must study an entire series of patients on controiled or restricted methads of
therapy  On the other hand, if one has an indindual patient who comes to hum
requesting treatment, no restriction as to the type of treatments from which to
choose exnts My remarks apply more to the latter situation

Even though compansons of treated to untreated leukemia offer certam
difficulties, there 15 no questton about the prolongation of survival time and
decreased morbrdits 1n acute leukera by means of current, therapeutic meth-
ods  Ths 1s probably true also for chronic leukemia  We must remember,
however, that 1n addition to what we like to attnbute to specific therapy, suppor-
tive therapy has improved and also mfluences surinal time  The widespread
apphication of the Rh system and ntroduction of blood-banking which has en-
abled us to transfuse these people safely are two examples  Antimicrobial drugs
and steroids are additronal examples

In the management of chronic leukermas, I have been mfluenced by an
earlter interest in radioactine phosphorus and have depended on it more than
any other single therapeutic measure  Ths 15, of course, a form of whole-body
radiation  The policy we have followed has been to try to obtain remission
with phosphorus and then not to allow serious clinteal relapse. This usually
Means more frequent treatment with smaller doses  One of the impressions
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obtained about the use of phosphorus in myeloid leukemia js that 1t will not
reduce marked splenomegaly. However, if 1t does not respond to P, jocal
irradiation js an effective supplemental treatment  Likewise, radioactive phos-
phorus has been effective in the treatment of chronic leukacytic leukemia in
those who do not have massive splenomegaly or adenopathy, and we have found
it as satisfactory as anything else tried. Again, it can be supplemented at any
time with local irradiation, nitrogen mustard, or tricthylene melamine. Tri-
cthylene melamine requires i dministration  One advantage is that it
may be given orally, although the possibility that it may be neutralized before
absorption must be realized.

Since the patient with chronic meyeloid leukemia usually is symptomatic
when seen, the trend toward treating patients with the disease at once is justi-
fied, particularly since the patient may not recognize the symptoms, and only
after therapy does he realize the improvement that has gccurred. Chronic
lymphocytic leukemia is predominantly a discase of older patients. At times,
it is difficult to know whether 3e are due to leuk or to some other
condition. Also, the patient frequently will account for symptoms on the basis
of age or something else familiar to him, and only after therapy does he realize
symptoms were present. Therefore, the pronouncement that therapy should
be given only when symptoms are present is not always easy to follow, and 2
therapeutic test may be required to dectde whether symptoms are due to leu-
kema, Of course, ¢ven then the patient who is receiving therapy thinks he
ought to feel better, and the cffect of therapeutic trial may be difficult at times
to evaluate.

Onc encounters complicating factors of hypersplenism in Jymphocytic leu-
kemia, particularly The posabihty that really satisfactory control of a few
of these patients may require splencctomy at some time during therr illness
should not be overlocked Purpural and hemolytic anemia are not at all un-
common, even when a patient appears to be well controlled, Splencctomy
leukerma was done farrly commonly 1 the carher part of this century. It fell
mto disrepute, but now 1t is coming back nto fashion  In order to decide the
difficult question of when to aduise it, one must be sure that other measurcs to
control the disease will not suffice and also that the gencral outlook of the patient
15 good enough ta warrant major susgery

When the diagnosis of leukemta, partscularly in its acute form, 15 made,
a commion reaction 1s that the pattent should be admitted to the hosputal and
transfused. Dr. Burchenal has already indicated that ncither is essential in
the management of leukemia  Certainly, one of the things we ought to do with

these people, since all we have to offer them really 1 a modest p.ro]ungnlmn of
comfortable life, 1s to promote as normal and as happy a situation as we can
for as long as possible. Youngsters are not at all haPp?/ about being removed
from thar home and placed in a hospital even when it is necessary. Likewise,




CLINICAL MANAGIMINT OF LIUKrMIA 117

they are quite resbtant to transfusions, and, while they may be anemic, most
of these patients often are not having enough symptoms from the anemia itself
to warrant hospitalization and/or transf If therapy is at all satisfactory,
chinical improvement will be rather prompt and will include a return of hemo-
globin values to normal without transfusion; these measures, although they
probably will be necessary later, <hould be avoided as long as possible.

Another problem which arjses is the question of infections in leukemic
patients and the advisability of antibiotics. I see many patients who have been
started on antibiotic therapy the day the diagnosis was made and continued on
some antibiotic throughout the entire course of the illness. This is particularly
true in those patients with a low leukocyte count which may alarm the physi-
cian, Even if the white count is 100,000, almost none of these cells are of any
help in defense against infection, and yet the patients usually come in without
infections  Prescribing antibiotics is adding to the expense and adds another
hazard to therapy, since reactions may occur. If the patient or parent 15 an
intelligent and responsible person who will recognize the indications for the
use of antibrotics, then a prophylactic regimen can be avoided. If one does
not have an intelligent patient, or parent, I think any type of program 1s more
Tikely to be disappointing

T was happy to hear Dr. Burchenal pomnt out that the outlook is not uni-
formly bad for adults with acute leukenma I have seen one man in the fifth
decade of hfe who had remussion for a year on folic acid antagonist. With the
adsent of 6-mercaptopurine, certainly enough adults have remussions to warrant
a trial on therapy  Earlier, I became discouraged with treatment of leukemia,
particularly myeloid and monocytrc, with the fohe acid antagonists. Failure to
respond and umform toxicity make therapy seem tadvisable  With 6-mercap-
topunine, the ncidence of remissions has been rewarding enough to warrant
a trial in every adult and child who has the disease

In concluston, I wish to comment on the attitude of the physician who
cares for the patient. Too often, the patient 1s told or interprets the remarks of
the doctor to mean that nothing really can be done  This 1s deplorable enough
1n acute leukemia, but with the chromc leukemias 1t may lead to a long period,
sometimes a year or two, of purposeless existence At a time when the patient
can be free from symptoms on adequate therapy, he has them unnecessarily be-
cause of a defeatist attitude  The withholding of therapy in patients with symp-
toms for use later 1n the course of the disease often 1s unwise  Whatever the
method of therapy chosen, and particularly 1n chronic leukermas, as much treat-
ment as 1s necessary should be ginven at the begnning to produce as good a re-
mission as possible or as long as possible by whatever amount of therapy 1s re-
quired, without worry about a future rany day It will come eventually, but
by that time the patient’s ability to respond probably will be so dimunished that
the response will be disappointing, and he will have been deprived of a long
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pertod of remission.  Asarlable methads of therapy should be exploited fully in
management of the individual case, as well as in the optimistic search for im-
proved methods and drugs. Certainly, the patient with Jeukemia can be treated
today much more successfully than ¢ven a few short years ago.

DISCUSSION

Dr. BurchENAL: 1 would like to continue Dr. Arrowsmith’s discussion.
I certainly agree that there 1s no point n heeping children alive if they are in the
hospital and living an uncomfortable life.  We find, on the average, 90 per cent
of our children with acute leukemta are out-patients at any one time, and only
10 per cent are in-patients I would certainly alo agree that they should not be
transfused except when they have symptoms or when the hemoglobin suddenls
drops to below 7.0 or 8.0 grams.  We try to heep transfusions at a minimum, and
usually we give transfusions on an out-patient basis. Antibiotics are used onh
when there are signs of infection, but they are then used quickly and in massive
doses.

Dr. TieL: Do you consider frequent bone marrow examinations neces-
<ary for satisfactory management of your patients, or are these part of an im esti-
gational program of the new agents under trial®

Dr. BurcneNAL: We examine marrows more than is absolutely essential
from the point of view of following the patient The habit arose because we
were using intermuttent therapy with folic acid antagonists.  If marrows are
exarned etery two weehks on such patients, <igns of relapse in the marrow are
seen when the clinical condition 1< excellent and the peripheral blood shows no
sign of relapse Therefore, one 1» able to resume therapy and obtain remsion
as far as the marrow 1s concerned before there has even been clmical relapse
From the rescarch pomt of view, 1t 1s important for detection of remivston from
compounds fested, and 1t 15 part of our protocol to do them i the out-patient
department every two wechs  all children and tn most adults every weck when
they are in the hospital under treatment  On the other hand, they are not necev
san that often if a new drug 1 not being studred

Dz Srraste.  There are three questions that ¥ would hike to ash Dr Tl
Firt, what 1s known regarding the pharmacologic action of busulfan® Second,
have vou treated any group of patients with mamtenance therapy, and, if <o,
what were the results achieved® Thurd, do vou feel that in the busulfan-treated
group there has been an mcrcase in the mcrdence of blastie crises, and, in such
patients, what do vou feel 1 the opumal form of treatment”

Dr. Tien:  Practicalls nothing 1+ known of the pharmacology of busulfan
Chermcally, 1t 15 an alkvlating agent as is nitrogen mustard, but the effects pro-

duced by busulfan upon the hemopotetic svatem of the rat are vers different from
thowe scr:-n following comparable does of mtrogen mustard-. Studi'cs are bemng
planned with Clabeled busulfan, but I cannot give any data on this at present
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In anwer to the <econd question on the usc of mamtenance therapy, I da not
know of any series of patients given busuifan continuously from the start of ther-
apy. We hase cight patients <o treated; four of these received continuous treat~
ment becanse they were x-ray reastant and two because ther initial response to
busulfan was slow. The other two patients received continuous therapy as a
trial. One of these has done well for more than two vears after the start of ther
apy. The other lived two years after the diagnosis was first made, but after the
firt vear her hemoglobin began to falf, in <pre of continuous reductions of the
dmne of busulfan, she dowly became leubopenic.  When the drug was eventually
<topped, the leukocyte count sose to normal levels but <howed a subetantiat pro-
portion of blasts. Her anenma perusted, treatment with 6-mercaptopurine was
not helplel, and she required frequent tran-fusions during the last six months of
her hfe. This cace hntory would suggest that 1t s unwie to adminster busulfan
continuaudly from the tme of diagnosis as a routine.

In answer to the quertion regarding the incidence of blastic ensis in busuifan.
treated patients, T do not think the ncidence differs from that in patients treated
by other methads. Patients mn blasuc relapne do not tespond favorably to -
crease tn dowe of busullan, but a morits sill respond for a while to 6-mereap-
topunne.

Dr Arrowssrrse  Would vou comment on morphologic findings in blast
cefl ensis?

Dg Tie:  Our <pecimens were obtamed by a-piration, nat trephine biopsy,
In evers cave in which marrow puncture was performed at this stage of the dis-
case, marrow was obtawed onty with difficulty and fragments were few.  Macro-
scopically, there was marked by poplasia, the commonest cells being bizarre mega-
karyocytes consisting of a ungle small nuclear fragment surrounded by platelers

Dr. K s Dr Arrowsmith d the inproved methods of
transfusion admintration and the wse of antibiatics  To what extent ean m-
creased survisal be attributed to speafic antileulemic therapy and to what extent
o beiter medical management?

Dr Burcnssais  Unfortunately, as vou hnow, there » no really good series
which i paralled 1n time 1o these mote recent series smce 1953, and treated with
none of the speasfic agents  The onky figures 1 can gue yau are thowe from a
small senes of mineteen cases treated between 1946 and 1948 wath the mustards,
which are fairlh nonwpeaific agents 1n aate leukenua  Thev had the transfusions

and some of the antibiotics that are avadable todas, and theit survival was about
the same  Onls one of them had a presumable spontaneous remiswon  The onh
way we can tell we are makimg some progress s to we the group treated with
Sterawds and antifokics as controly  Most of our cases admitted up until June of
1932 had the antibiotics that are asvatable today, and they certamd had as many
transfusions  There has been a conaderable mcrease i the 50 per cent survival
time with antifohes and <teroids at about eight manths and with mercaptapunne
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and possibly azaserine additions which bring it to about twelve months, although
antibiotics and transfusions and zeal may prolong life somewhat.

Dr KirscuBavm: To what extent is the difference between 6-mercap-
topurine on the one hand and steroids and antifolics on the other due to selection
of patients? Is it true that the acute case is treated with cortisane rather than
with 6-mercaptopurine?

Dr. BurcHENAL  In this series, this is just a question of time.  Before 1952,
June or January, depending on which series is considered, mercaptopurine was
not available for treatment. Both of thesc series are consecutive cases, no mat-
ter how ill the patients were. In the second group, mercaptopurine was avail-
able if indicated. If the patient was very ill, he was still included in the series
and treated.

Dr. Uptoxn: I would hike to make a comment which may or may not be
out of place. Speaking of the therapy of leuhemia, we are very i d at the
QOak Ridge National Laboratory m the reversal or prevention of marrow injury
by administration of nonirradiated bone marrow cells postirradiation. There is
evidence that an irradiated animal will tolerate heterografts or homografts of
marrow. Dr. G, C Congdon, who worked with Dr. F.. Lorenz at the National
Institutes of Health, tells me that he thinks they may have successfully treated
some gunea pigs with lymphord levkemta by whole body radmtion  Although
one may not be ready yet to try this approach on a chinical level, I would be inter-
ested to hnow what you consider the potential outlook for ths type of treatment n
man

Dr Burcuenar: I think that sort of thing is very fasanating. I have not
talked to Dr Congdon, but I did talk to Dr Lorenz about this Studies that we
did at one time In attempting to sterilize mouse leukemia with radiation showed
that total body radiation i a single dose of 2,500 r or above prevented trans-
plantation of the strain of leukerma used  On the other hand, at 2,000 r, some
would transplant and some would not. At 1,500 r all would transplant There-
fore, I question whether one can protect an ammal against quite large enough
doses to stenlize all leuhemic cells 1t would be fascinating 1f you could, but 1t
1s my impression that Dr Lorenz was not able to do it, although survival time
was prolonged

Dr Scutosser- Dr Collins has treated some patients mn Houston with
doses as high as 250 r m air i a single treatment  Thys is about ten times the
amount we usually give in a dav I would like to ask Dr, Tull how many patients
they have now treated with busulfan, and how many of them have been treated a
\ca‘r or more  Also, are you impressed that the survivals are as good as total-body
or any other form of wrradiation?

Dr. TiL:  We have only thirty~two patients in the whole series, including
those in the early tnals wlich started over fise years ago.  Four of these died



CLINICAL MANAGEMINT OF LLUKEMIA 121

within the first year of treatment, two of these being in the early trials when exces-
wse doses were used, and another died of pulmonary embolus.  Our impression
of sunvival of busulfan-treated cases so far 1s that this may be as good as for the
other forms of treatment.  We cannot <ay more with so small a series.

Dr. Kremextz: Have there been any verified cases of leukemias
which have spontancously regressed?

Dr Burcuenar: They will certainly appear occasionally and can be very
complete  We saw one child recenth who had a 100,000 white count which was
alleged to be entirely monocytes  The marrow was reviewed by an eminent pa-
thologist, and then lost, unfortunately, At any rate, there seemed to be no ques-
tion that jt was leukemia at that time. Transfusions were given as a sort of 2
last resort, and the patient recovered and was perfectly well for three and a half
years. Then she again presented a picture of leukemia and was treated with
Amethopterin for about a month before we saw her. At the time we saw her,
she was in remission and we stopped the drug.  She Ined another four years and
finally deseloped fulminating leukemia, with no question concerning the diagno-
sis  She dicd despite all available therapy  Post-mortem examination confirmed
the diagnows, I am certain the first remission was spontaneous, the second one I
suspect was spontancous. We saw another girl who Ined three and 2 half years
after therapy with 2,6-diammnopurine, which is naturally a very effective agent.
This may have been a spontaneous remission as well ~ So they do occur, but they
are rare, and I do not hnow any that have not recurred  Of course, if a patient
with a diagnosis recoyers, the ueual opmion is that 1t was enly a leukemoid reac-
tion origmally. Sp before sterords and antibiotics became
available may ha\c been due to infection with an accompanying stress reaction
which may hasve resulted in a response m those very sensitive to sterord stimulus

Dr. Kirscusaum: Do you think that was a cortisone effect?

Dz. Burcienar: 1 do not know, but would guess it probably was

Dr Scurosser  How frequently should blood counts be done 1n patients
receiving busulfan® Dr. Burchenal mentioned regression of large masses follow-
ing 6-mercaptopurine, the development of high unc acid levels, and renal dam-
age I would abo like to hear some discussion of the problem of gouty kidneys.

Dr BurcHENnaL: Apparently, the fall in white count, regresston of masses,
and the increase in uric acid excretion depend on the agent used  If an agent
such as Amethoptenn is used to treat chronic granulocytic leuhemia, that agent
is acting previous to the formation of the punne ring. For that reason, it seems
to prevent the formation of any sort of purines which would then lead to unc
acd, and the urc acid excrenion level and level m blood decrease when therapy
with Amethoptenn 15 begun  On the other hand, mercaptopurine, which mter-
feres at a different level, presents the conversion of hy poxanthine to the guanine of
nuclerc 21d, and ths is probably an accumulation of the hypoxanthine which
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may be comerted to uric acid and excreted assuch.  f x-ray or nitrogen mustard
or possibly even the steroids are used, they seem to break down the nucleic acids
at higher levels, and again an outpouring of uric acid may occur. As to ther-
apy, I have no suggestions ather than caution about giving too much of the agent
and administening as much fluid as possible, particularly beforehand.

Dr. Arrowsyirs:  Nephrostomy has been reported as a lifesaving meas-
urc in these patients. I have scen two patients who apparently were anuric.
One was a case of myeloid metaplasia thought to be leukemic and had one dose
of x-irradiation over a masive spleen. His uric acd level was extremely high,
and he was anuric for forty-cight hours but recovered spontancously, The other
one, a patient I saw with Dr Gould Andrews, had a massive lymphoma which
quickly regressed with triethylene melamine and was accompanied by extremely
igh uric acid excretion and renal colic, This, as well as the previous case, sub-
sided spontaneoush after forcing fluids and without surgery, so I question
whether nephrostoms is necessary.

Dr. BurcHeNAL®  Most of the time it is not necessary.

Dr. Tir-  In answer to the question about the frequency of blood counts
m patients taking busulfan, a count once in four weeks is probably sufficient,
but for someone inexperienced in the use of the drug it is probably safer to have
counts every two weehs.

DR, Scrrosser  That would certamh be of no greater frequency than if
\-ray therapy were used On the subject of high uric acid levels, we have ob-
served patients m the past who were receving wrradiation over the spleen to
collapse and expwe within a few hours, Because af this, we now routineh start
the dosage over the spleen extremely cautrously

Dr Kirscusaum  Dr Schloser, how do you eaplam the mduction of
remassion i chromic leuherma by splemc srradiation?

Dr Scirosser®  Of course, I do not really know  Haowever, come evi-
dence now suggests that 1t 1s probabh a chenmcal mechanisnt  Whether it ts
necessary to irradiate the <pleen or whether one can rradiate anv area in the
body and achieve the same results s another pertnent question It 1s also thought
1f blood supph i richcr 1n a gnen arca, that the responses may be better It
Lnown, of course, tn a wude variets of brologi materals that increawung the oxv-
gen cantent of the medium mercases the radiosensitnaty of the organ I have
heen interested m this and have treated some recurrent breast tumors by having
the patients breathe pure oxvgen while half was irradiated, and irradiating the
other hall with no ovgen In two instances, I thought the oxsgenated half
regressed faster This v ~omething that s vers dulicult to be positine about,
however  Smce then, I have treated more cases in this manner and did not note
amv difference

Dr. Kikscatoatse T am aware of the work on mereased oxygenation, but
can explam any cffects of «pleruc rrradation on the baus of

1 do not thuk you
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increased oxygen tension in the plasma, We are assunung that there s a sig-
nificant effect.  Da you think st is likely that, as a recult of irradiation of the leu-
Lemic spleen, there mav be something produced in the spleen which then is
responsible for this systemic cffect® I think it might be very warth while to sce
whether something might be extracted, let us say, from leuhemic spleens of mice
that have been irradiated

Dr Svvertov: Further comment mav be helpful as it applics to the effects
of jrradiation  X-irradiation of human epithehal cells in culture, normal or ma-
lignant, by use of between 700 r and 730 r, results in no vistble cellular changes.
The cells continue to metabohze and to produce virus. X-irradiation with from
1,000 r to 5,000 r stops multplicatton, but cells continue to metabalize, and about
half of them become hydropic and increase enormoush in size. These cells, cell
for ccll, produce as much virus as nonirradiated cells, Internal cellular metabolic
activits continues. Fmalh, from 15,000 to 30,000 roentgen units result in
cellular shattering and total destructron,

Dr. Senrossrr.  Responses can be obtained no matter what portton of the
body one irradiates. It is not necesan to arradiate the spleen

Dr. Kirscipausr® Why do vou choose the spleen?

Dr Scnrosser. Comientionally, one 1s deahing with an enlarged organ,
and I have found the responsc to be better and faster if irradiation is directed
toward the spleen. I there 1s not an cnlarged spleen and there are enlarged
medrastinal nodes, we start there

Dr Kirscunavyv  Why do vou not srradiate norntal tssues®

Dr. Scurosser 1 think it would probably work, although I have never
tried it,

Dr Kremextz  Did Dr Kaplan do some work along this Itne with mice?

Dr. Kirscunaunm:  Kaplan's work was on the induction of leukenna. He
wradiated thymectomized mice and postirradiation he transplanted thymus; in
that thymus, leukemic transformation of the cells was mtroduced  That was the
secondary effect of radiation, perhaps peroxide formation or whatever the chemi-
cal mechanism is

Dr Kremextz  Dr Burchenal mentioned previously that the transplanta-
tton of human leukeme cells and Iymph nodes te animals has not been achiesed
Would sou enlarge upon this topte, Dr Burchenal®

Dr BurcHenaL: We have transplanted <ty marrows from children with
acute leukemua and from some adults as well, some of whom were certanly in
the cortisone-resitant stage of their dnease, mto cortrontzed hamsters, and none
of them have grown  The onls thing we have been able to grow is a culture of
feukemec cells which was ongmally wofated by Osgood from 2 case of monacytic
leukema  These cells were grown 1n tsue culture and mjected as a suspension
mnta the cheek pouch A ight growth was noted n two weeks, By the end of
twenty-cight days, there was a tumor approximately 5 mm i dameter growing
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in each cheek pouch. Sections of that tumor were diagnosed as either ana-
plastic epidermoid carcinoma or reticulum celt sarcoma  There is a question in
everyone’s mind as to whether the cells are Jeukemic or not. Dr. Osgood fecls
that the picture is perfectly consistent with a reticulum cell tumor, representing
a solid form of monocytic leukemia. Others feel it is an epidermoid carcinoma.
We would Jike to see transplantation of leuhemic cells from human marrow into
animals successful in 100 per cent of the cases. Then it might be useful as a
screening agent  Until that time, I question how much value it will be.

Dr. KremenTz: Leukemic marrow has never been successfully trans-
planted into the anterior chambers of guinea pigs’ eyes in our laboratory. 1do
not recall that anyone has ever successfully grown lymphomas on heterologous
transplantation, ejther.

Dr. Urron: In relative ignorance of biochemistry, T would Yke to ask a
question of the panel myself. Dr. Gellhorn presented some data showing changes
in glucose tolerance associated with leukemia; there was a reversal of the abnor-
mal glucose tolerance picture with remission. This calls to mind a recent paper
by Warburg'® concerning the altered respiration of tumor cells. Do other mem-
bers of the panel have any evidence about this change in glucose metabalism in
rarious types of leukemia? Can anyone say more about it at this stage? Is
there a disturbance that is peculiar to patients with cancer and with diabetes, or
does 1t oceur 1n seriously debilitated patients under <evere stress from other causes?

Dz. BurcnenarL- The only evidence I know on it was that Dr Jorgen
Kieler, from the University of Copenhagen, reported that he had studied human
marrow by the Cartesian-dnver technique, and found that the leukemic cells did
respire.  As to abnormal glucose tolerance, Dr. Ghicksman’s group at Memorial
Hospital has seen that same <ort of thing in patients with other types of cancer
Incidence of abnormal glucose tolerance tests at Memorial Hospital in patients
with cancer is lugher than one would espect m the general population, so that
15 supportne evidence for Dr Gellhorn’s work; but I think the fact i Dr Gell-
hom's findng that when the leukemic cells were 100,000 to 400,000 in number
there was an abnormal tolerance, and when they returned to normal numbers
1t also became normal, 1» much more exaiting

Dr. Urtov. Is this a disturbance that onc sces which 1s peculiar to pa-
tients with cancer, or 1s this something occurring n sersously deblitated patients

under stress from other causes?

Dr. Burcuexnat.. If I remember hus catenta, they selected paticnts without
diabetes and without a family hustor of diabetes who were not debihitated and
were in good condition. This would be particularts important 1f adcihonal proof
cannot be obtamed that an abnormal glucase tolerance 15 present before opera-
tron and a normal one 15 present afterward
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EARLY HISTORY OF LEUKEMIA

Discase first described. Named “leukemia” (Aesss +
awa) by Virchaw after the “farblosen Korperchen™

Acute leukemia described

Leukemia first deseribed in horse and pi

Case of leukemia without dxaxaczmsuc bleod picture
reported

First chemotherapy for leukemia (arsenic)

First splencctomy for leuhemia

Leuhemia first described in birds
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ETIOLOGY

A relative and absolute increase in acute Jeukemia™® and m leukemia in
the group of patients more than 50 years of age''* has been reported. This m-
creasing incidence of leuhemia in recent years is greater only for one other ma-
lignant disease, cancer of the lung. In the United States, the mortality rate
from leuhenia, which was 10 per million in 1900, rose to 63 per milkon in 1953,
‘The disease Is relatively common in the first decade of life, and it is then en-
countered less frequently until the fifth and <ixth decades are reached.  Lympho-
cytic leukemia pred in childhood and in the older age groups, but
myelocytic leuhemia exceeds lymphocytic leuhemia betseen the ages of 20 and
50 years. In most series of cases there is a preponderance of males,''™ 11"
and among racial differences™™ the cidence among Negroids is considerably
less than among Caucasoids "™ ** The death rate for the two groups is equal
in the nonwhite population, but lymphocytic leuhemia is responsible for 41
per cent of the total deaths and myelocytic leukemia for 33 per cent of the
total deaths from leuhemia among Caucasoids **  Although the familial occur-
rence of leuhemia is sporadic and has not been reported as frequently as for
many other neoplastic dweases, a number of reports support the premuse that
genetic factors for susceptibility are operatie 1n the human disease® ' 124
Leukermia has been obsersed m siblings,’® in twins,'™ and two varieties have
appeared in a single family.**” The age of onset often 1s stmilar for different,
affected members of a fanuly group. Inwufficient data are available for any
unequivocal view on the number, location, or kinds of genes involved, ™
however,

Leukemia, more commonly chronic than acute, occurs nfrequently mn
Pregnancy.'*"** The prognoss 1» better if pregnancy accurs early m the course
of the disease. Apparently, the child neither contracts the cisease from the
mother, nor has the mother been affected 1 the rare cases of congenital leu-
kemig 190150

A century after the original observauons of Craigie, Bennett,'”* and Vir-
chow,”1% who recognized the diseasc independently, the first
that the disease can be controlled since the advent of radiotherapy™® is forth-
commg  Diagnostic methods have progressed more slowly since obscrvations
by these proncers and the microscopic observatton of Donné,™ Ehrlich,™
Friedreich,'* and Naegeli ' It 1s only withm the last decade that the observa-
tions of Ellermann and Bang® '** a half century ago have been extended to any
degree 1n mammals, and estdence that viruses are associated with the origin of
human leukemta remains equivocal  However, steady progress has been made
m expanding hnowledge about the role of Rlterable agents in inducing other
tumiors in amimals and plants ™ 1% 1% 1% 19 21 4% 721034 Ny longer are articles
encountered attrtbuting the onset of leukenna to trauma, ¢
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Possibly the experiments which have stimulated the most work and specu-
lation in recent years have been those of Gross.? 4 7% 39 40:4%, 44, 46, 45, 43, 141, 147, 34
He was able to prepare extracts from leukemic tissues in the AK strain of mice
by centrifuging and passing the material through Selas filters, which then was
effective in producing leukemia when inoculated into newborn animals. This
has been confirmed by Stewart,** Woolley and Small,*> * Woolley,™ and others.
Not only were extracts prepared in this manner effective in producing leu-
kemias, but also parotid tumors and sarcomas of soft tissues appeared and ap-
parently depended on the introduction of a virus or viruses. The induced
tumors which appeared were of the type similar to those appearing in the
recipient rather than in the strain of mouse from which the agent was derived.
Stewart and co-workers™® were able to culture this agent on renal tissue from
monkeys in vitro. This agent obtained from mouse parotid tumors and leu-
kemias was enhanced in effectis eness by serial passage. Friend™ *** **¢ noted the
cytoplasm of Ehrlich ascites tumor cells which were carried serially in Swiss mice
contained particles suggesting inclusi which are ly seen in cells
infected with viruses. Following this lead, she was able to extract a cell-frec
agent which can be transmitted m adult mice, The virus produces a disease
having the characteristics of Jeukema, although the origin of the mononuclear
cells seen characteristically in the peripheral blood of affected animals has not
been determined. Schwartz'*? and Schwartz and associates’ reported the
isolatton of a filterable agent from the brain of patients dying with leukemia
which will accelerate the development of leukemia in AKR mice and induce
leukemia in white Swiss muce  Beard™™* clarified the etiology of avian leukosis,
finding distinct but related viruses associated with avian leukemia, myeloblasto-
sis, and erythroblastosis  The three agents of leukosts 1n turn are but part of
a larger system of agents responsible for the numerous avian lymphomas.

Interest 1 the ettology of human leuhenia has focused on the relation of
iwrradiation to the ongin of the disease It is eight to ten times as common 1n
radiologists as 1n other physicrans *****™ 3* The incidence of the disease has m-
creased alarmingly in the last twenty years concomtant with the use of x-irradi-
ation, but the increment became apparent before the advent and common usage
of radicactive isotopes. Evidence obtamed from victims of the bombmg of
Hico-huna indicates that a smgle large dose of irradiation may result n leu-
kemia Moloney and Kastenbaum'* rcported that lenkerma 1s twelie tumes
as common 1t survivors near the hypocenter at Hiroshima and Nagasaki as in
survnvors at the peniphery. Additional evidence that leukemia may occur as
a result of x-ray treatment and diagnostic procedures 1s found in the studres'
on idniduals with leuhemia treated for spondyhtss by x-ray in Holland and

Great Brtam.  Also Jeukerma has been reported following irtadiation of the

mediastinum in  childhood.™* Difficulties in assessing and goverming the
tic and di; 1c proced with radiation are the defi-

use of therap



LTIOLOGY AND THLRAPY OF LEUKEMIA 129

crenctes in our hnowledge concerming maximum, safe dosage over various
intervals of time and the biologic cffects of extremely low dosage of irradiation.
Current inquiry into possible deleterious ¢ffects of the amounts of irradiation
commonly acquired by the population at large is cxceedingly disturbing. -2
The evidence from animal experimentation supports the inference that
leukermia may occur jn human beings as a result of irradiation. Furth and
Furth® were the fint to demonstrate the induction of leuhemia by x-irradiation
in mice with a low incidence of leuhemia  The experiments which Upton and
Furth* reported in the RF strain are particularly consincing, since the type of
leukemia appearing after irradiation is myeloid, whereas the type of spontane-
ous leukemia encountered in the strain 1s lymphoid. The induced type occurs
with lower dosages most frequently in males, whereas the spontaneous leukemia
occurs predomnantly in females. Although lymphatic leukemia may originate
extrathymically in old age,’ spontancous and induced lymphomas usually
originate in the thymus, since early thymectory reduces the incidence in most
stramns of muce.*™ ¥+ Iy the RF strain, however, thymectomy did not alter
the incidence of myeloid leuhema mduced by irrachation, suggesting that the
thymus is the source of lymphogenous leukemia only Partial shielding®™ ¢ of
bone marrow®* and spleen,” admimstration of untreated, rologous, marrow
cells,** and fractionation of dosage inhibit the mduction of lymphoid leukemia
by irradiation. Estrogen may offset the protectnie effect of shielding bore
marrow but does not exert a simular effect on thymc shielding in C57BL
mice®  Partial shielding® and dividing the dosage of irradation also in-
hibit the myeloid leukemogenic effects of x-ray treatment. Kaplan and co-
workers® *** demonstrated that leukemia will appear in thymectomzed and
irradiated mice, which ordinanly do not develop leukemma, when they are
moculated subsequently with thymic tissue which has not been irradiated
Thesefore, the effect 1s apparently not a direct one on the thymic cell Genetic
susceptibility to pulmonary tumors'™ '™ resides withmn the target tssue when
1t is transplanted, rather than beng a systemic influence  Similarly, thymic
cells retain their property for promotion of leukera even though the leukemc
cells themselves may anise from recipient tissue  For example, Law and Potter™
found that leukemia appeared m thymectomized (C57BL x A) F: hybrids
when thymus was t pl d from the ptible (C57BL) parent and not
when grafts from the resistant (A) parent were used  Progemitor cells, as
determmed by histocompatibility charactenstics, onginated most frequently
from the F; host and less frequently from the nonirradiated C57BL graft,
Snud:rs” and Tio Tywan Gie* performed the first experimental studies
on I m Is  They t the disease in closely related
guinea pigs, producing lymphosarcoma after local toculation and leukernta
after mtravenons passage  Transplantation between strams 15 possible early
1 development before the mechantsm of mmmunity*™ *** is mature, and both
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irradiation™” *** and cortisone, acting alone or synergistically,” may reduce
the immunologic response to transplantation of leukemuc cells into foreign
strains and species. Natural resistance to mouse leukemia may be transferred
from rats without treatment to irradiated rat parabionts®? which otherwise
would have been susceptible, but not from a resistant mouse to a susceptible
parabiont without treatment,”* Serial passage of leukemia in mice™* can
result in alteration of cellular virulence without concomitant changes in mor-
phology, and the serum of immune animals can inactivate leukemia cells in
vitro.”**  Previous ideas about specificity and immunity have been challenged
sharply by the polyomas encountered when Stewart and associates™ inoculated
hamsters with extracts from mouse leukemia.

Pronounced differences in suscepiibility to leukemia between inbred strains
of mice were noted during the early work of Richter and MacDowelP™® 1 with
the C58 strain, although nongenetic factors were also known to influence the
appearance of leukemia since all of the genetically susceptible C58 mice did
not develop the disease  They were also able to demonstrate a maternal factor
producing resistance to the development of leukemia so that incidence was
reduced and latent period was prolonged. Although C58 mice have a high
incidence of spontaneous leukemia, they are refractory to treatment with
methylcholanthrene®; whereas DBA/2 mice are susceptible to the leuhemogenic
action of methylcholanthrene but have a low incidence of spontaneous leu-
kemia *  Usually, Fi hybnds show susceptibility to spontaneous and induced
leukemia imtermediate to that of susceptible and resistant parental strains, the
degree depending on the specific strains used, and multiple genes for suscepti-
bility are operatne.»* ** When two stramns susceptible to estrogen lcukem-
ogenests are crossed, the susceptibiity of Fi mice may be greater than that of
either parent, however.” Also, the Fi animals may be resistant to the effect
of estrogen when susceptible and resistant parents are mated.™  Age™’ alters
susceptibility to ductron of leukemia by transplantation of leukemyc celfs,™ ™"
transpmssion by virus,* % and md by rrradiation® and carci
As a rule, leuhemogens are most effective when adminstered at an carly age,
and resistance m F, hybnds 15 imtenwfied with increasing maternat age ™ ™’

Numerous studies have substantiated the increased inaidence of leukemia
m susceptible strums  following  admumstration  of carcinogenic  hydro-
carbons' *° ™' and estrogen ' ' ‘" Lxtrathymic lymphoid tumors appear
after thymectomy in DB.A 2 mice treated with methylcholanthrene,* ** and
Kirschbaum reported that hmphosarcoma from the C3H strain can be grafted
into DBA muce provided they are pamtcd with methylcholanthrene ' Urethan
will mcrease the effectiveness of other Jeukemogens, although it 15 not leu-
hemogenic alones™  Estrogen augments the leukemogenie action of ;fr.?dna-
tion,*" but androgen may counteract this action of cstrogen as well as diminich

that of mclhylcholamhrcnc'“" and wrradiation. ¥ Ol:l the other hand, castration
enhances susceptibility to spontancous Jeukemia** ** and leukemogentc effects
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of methyicholanthrene™  Contrary to the preponderance of leukemia in
human males, it is interesting that thymomas and lymphocytic leukemia occur
most frequently in female mice®* *®  Adrenalectomy increases the suscepti-
biliy of mice and rats to spontancous and transplanted leukemia®™ ** and to
that induced by irradiation,®™* but cortisone delays the onset of spontancous
Iymphocytic** *** leukemia, thymic lymphosarcoma induced by x-irradia-
tion,* ¥* and leukemia induced by methylcholanthrene®™ if dosage is suf-
ficiently great and prolonged. .Administration of pituitary growth hormone is
associated with the appearance of pulmenary lymphoid tumors in rats if the
hypophysis is intact,”™® but tumors do not appear m hypophysectomized ani-
mals**  The enhancement of suceptibility to leukemia in mice by thyroid
deficiency may be mediated by effects on body weight, since there 15 a direct
correlation between weight and the appearance of leuhemia.””  Reduction of
caloric intake alone diminishes the number of spontancous lymphomas and
prolongs the mean time of sunvival in transplanted leukemias.”™ *™

Interest in leukemia in experimental animals is heightened by the simi-
larity between the discase in the mouse and n man  In summary, experimental
studies suggest that susceptibility to leuhemia in animals is due to multiple
genes governing not only the spontancous incidence but also response to various
agents. Incidence is increased by irradiation, the presence of virus, estrogen,
carcinogenic hydrocarbons, castration, adrenalectomy, and perhaps prtuitary
growth hormone under certamn conditrons Combination of different agents
may act synergistically, and urethan, although inactive alone, potentiates the
action of leukemogens Leukemia is inhibited by increasing age, caloric restric-
tion, cortisone, androgcn, th)mcctam), and shielding of bone marrow, thymus,
and splken followi Growth of leuk cells 1 forexgn strams
may be promoted by jnoculation early m devel cortisone, i
and carctnogenic hydrocarbon  Both the leukemogenic effects of xrmdxanon
and the mtrmsic property of tissue from genetrcally susceptible donors to initiate
the disease are apparently exerted indirectly

DIAGNOSIS AND CLASSIFICATION

Classification of the leukermas 15 often controversial if detailed and too
superficial if simple  Most of the difficulties m regimentation stem from un-
certamties due to the limitations of morphologic criteria  Sprague has empha-
sized the powibilities for differentiating between myeloid and mononuclear senies
by means of nb ! and desoxyn ] In the future, pertinent imfor-
mation extending knowledge about the varieties of human Jeukemia should be
forthcomng by means of cytochemical preparations, tissue culture, and micro-
anematography, utilizing electron, phase, reflecting, and interference mucros-
copy.

The nomenclature used m this chapter (Table XXIIIT} includes myeloge-
nous, lymphogenous, monocstic, and stem cell forms of lewukemia, designated ac-
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TasLe XXIHI
NOMENCLATURE OF LEUKEMIAS

CLINICAL COURSE 1\ RELATION TQ PREDOMINANT CELL

TYPE ACUTE CHRONIC

Mj clogenous Mjyeloblast Myelocyte
Neutrophil
Eosimophil
Basophat

Lymphogenous Lymphoblast Lymphocyte

Monocytic Monoblast Monocyte

Undifferentiated
Stem cell stem cell

cording to the predommant type of cell and based on studies both of bone mar-
row and penpheral blood. In addition, the disease is divided temporally into the
acute form, with blasts predominating, and mto the chronic form of the disease,
with either lymphocytes or myelocytes chiefly. Plasma cell leukemia has not
been included because of uncertainties concerning its identity with multiple
myeloma ™ The leukemic manifestations of malignant lymphoma have also
heen omitted. In unusual cases of the chrenic myelogenous disease, the
costnophul or basophil may be the most common type of cell. Howeser,
the manifestations of leukenua range from a rather pure form to erythro-
leuko-prastrenemia, and from cases with pronounced leukocytosts to subleu-
kemic forms of the malady.

SCREENING FOR CHEMOTHERAPEUTIC AGENTS

Possibly because the leukemias occurnng n faboratory ammals fairly
closely correspond to those appearing in the human population, remarkable
success has been achreved 1n a relatnely short time in the treatment of leuherma
Despite problems m cvaluation due to adsances i supportive therapy, vana-
tions i scquence and tme of treatments, and scarcity of valid data on untreated
cases, 1t 15 clear that the survival tme of patients with leukemia has been pro-
longed by chemotherapeutic agents '*  The hope that the difference in response
betsveen leukemsc and normal cells will lead to cure of the discase, therefore,
has some justification

In genera), imitial screening has conssted of testing an exceedingly senaitive
transplantable tumor such as sarcoma 180 or the Walker carcinoma 256 for
susceptiblity to the compound chosen  However, no single tumor can be used
as an effective screen, and a spectrum of spontaneous and transplantable tumors
should be used for an adequate suncy, as well as biologic systems for testing
certain synthetic steps ar cytogenctic effects  Suitable, active matcrial then
1 used for chinical mvestigation after 1t has been tested for possible toxicaty
So far, screening procedures have failed to yield a good correlation between
activity of compounds in the tumor systems and mn the nontumor systems of
testing, mndicaung that the antitumor effects detected are somewhat specific.
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However, clinical effectiveness has been encouraging when promesing com-
pounds have been tested, and occasionally compounds are more effective agamst
human, neoplastic disease than experimental tumors 1n amimals  Past deficien-
cies m the method may be attnibuted as much to the paucity of agents com-
pletely effective against experimental tumors such as leukemia as to an n-
adequate approach to screening.

TREATMENT

The quest for cfficient therapeutic agents has not only been empiric, but
rational sclection of compounds to be tested more frequently has ultimately
led to successful treatment. Choice of compound has been combmed with a
fortunate range of methods for tesung cffectivencss 1n hiologic systems  The
therapeutic effects of alkylating agents and antimetabolites which were chosen
for testing in this fashion'®*** indicate the importance of hnowledge concermng
pathogenesis of leukemia in selecting the proper svstem for screenmg, as well as
the selection of agent to be tested

IRRADIATION

The oldest'™® consistently successful treatment for leuherma 1s rrradiation
Careful comparisons by a number of therapists m the past'™ V" have led to
the conclusion that irradiation prolongs the useful and effictent portion of the
patient’s remawning hife span, but the average total duration of hfe probably 1
unchanged in irradiated groups In general, rradiation has been confined to
chrome forms of the disease, but Schlosser suggests wradiation may now be
combined with chemotherapeutic agents even in acute leuherma For example,
steroid therapy may be used to curb a cnisis and irradiation tried subsequently
to prolong the remsston  This plan of combined treatment for acute leu-
kemia 15 not universally acceptable to all therapists at the present time,
however The usual form of roentgen therapy for leukerma 1s irradiation
of the spleen, 1rradiation of lymph nodes or visceral areas, rradiation
of large segments of the body, and total-body or body-bath irradiation.
P* therapy o7 195, 180163 ¢ the adyantage of not bemg associated with radration
sickness, and it requires few special facilities  Roentgen therapy 1s superior,
howeser, when reduction i stze of spleert and lymph glands 35 desirable P2
may be administered either orally or intravenously, and the usual dosage is
0.5 to 2 me, with intervals between successne doses selected according to
response  Therapy with radwum,'™ radwactne gold,® ' and radioactive
sodtum™? has been reported, but it 15 not widely employed for leuhem:a,

The method of titrated, regularly spaced roentgen or P** therapy described
by Osgood™s has resulted m survival which s superior to other programs of
therapy, according to the statistical analysis of Tisey The salient features
of this plan are therapy immediately after the dagnosis 13 made, irradiation
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TasLe XXII1
NoMENCLATURE OF LEUKEMIAS

CLINICAL COURSE IN RELATION TO PREDOMINANT CELL
TYPE ACUTE CHRONIC
Myelogenous Myeloblast Myelocyte
Neutrophil
Eosinophilt
N Basophil
1 Lymphob: Lymphocyts
Monocytic Monoblast Monocyte
Undifferentiated
Stem cell stem cell

cording to the predominant type of cell and based on studies both of bone mar-
row and peripheral blood In addttion, the disease is divided temporally mto the
acute form, with blasts predomunating, and into the chronic form of the disease,
with either lymphocytes or myelocytes chiefly. Plasma cell leukemia has not
been included because of uncertainties concerning its identity with multiple
myeloma.’® The leukemic mamfestations of malignant lymphoma have also
been omitted. In unusual cases of the chronic myelogenous disease, the
eosinophil or basophil may be the most common type of cell. However,
the manifestations of leukemia range from a rather pure form to erythro-
leuko-prastrenemia, and from cascs with pronounced leukocytosis to subleu-
kemie forms of the malady.

SCREENING FOR CHEMOTHERAPEUTIC AGENTS

Possibly because the leuhemias occurnng in laboratory ammals faurly
closely correspond to those appearing in the human population, remarkable
success has been achicved 1n a relatively short time m the treatment of Jeukemra.
Despite problems i evaluation due to advances in supportive therapy, vana-
tions 1n sequence and time of treatments, and scarcity of vahd data on untreated
cases, 1t 15 clear that the survival ime of patients with leukenua has been pro-
longed by chemotherapeutic agents **' The hope that the difference in response
between leukemic and normal cells will lead to curc of the disease, therefore,
has some justification

In general, imuial screeming has consisted of testing an exceedingly sensitive
transplantable tumor such as sarcoma 180 or the Walker carcinoma 256 for
susceptibility to the compound chosen Howeser, no single tumor can be used
as an effective screen, and a spectrum of sp and transp! ble tumors
should be used for an adequate suriey, as well as biologic systems for testing
certain synthetic steps or cytogenetic effects Suitable, active matenal then
is used for chinical wnestgation after 1t has been tested for possible toxicity
So far, screemng procedures have faled to yield a good correlation between
the tumor systems and in the nontumor systems of
e antitumor effects detected are somewhat specific

actuvity of compounds 1
testing, 1ndicating that th
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Howeser, clinical effectivencss has been encouraging when promising com-
pounds have been tested, and occasionally compounds are more effectine against
fuman, neoplastic disease than experimental tumars 1n animals.  Past deficien-
aces in the method may be attributed as much to the pavaty of agents com-
pletely efective against experimental tumors such as leukemia as to an -
adequate approach to screening.

TREATMENT

The quest for efficient therapeutic agents has not only been empiric, but
rational sclection of compounds to be tested more frequently has ultimately
led to successful treatntent. Choice of compaund has been combined with a
fortunate range of methods for testing effectiveness in biologic systems  The
therapeutic effects of alhylating agents and anumetabelites which were chosen
for testing in this fashion™*1** indicate the importance of knowledge concerning
pathogenesis of leukemia in sclecting the proper system for screening, as well as
the selection of agent to be tested

IRRADIATION

The oldest"® consistently succesful treatment for leukerma 1s wradiation
Careful comparisons by a number of therapits i the past'® 11 haye led to
the conclusion that irradiation prolongs the useful and efficient portion of the
patient’s remaming life span, but the average total duration of Lfe probabls 15
unchanged in irraciated groups. In general, irradiation has been confined to
chromc forms of the chisease, hut Schlosser suggests irradation may now be
combined with chematherapeutic agents cven in acute leubermia  For example,
sterord thesapy may be used to curb a cnsis and irradiation tried subscquently
to prolong the remusion  This plan of combined treatment for acute Jeu-
kemia 15 not umversally acceptable to all therapists at the present time,
however. The usual form of roentgen therapy for leukemia 1s 1rradiation
of the spleen, irradiation of fymph nodes or visceral areas, irradstion
of large segments of the body, and total-body ar body-bath irradiation,
P therapy o 160 100 1 o the advantage of not heing assocated with radiation
sickness, and 1t requires fow special faciliies  Roentgen therapy 15 superor,
however, when reduction 1 size of spleen and lymph glands is desirable ¥ P
may be administered either orally or intravenously, and the usual dosage 15
05 10 2 mc, with intervals between successine doses selected according to
response  Therapy with radim,™ radioactine gold,”™ ™ and radioacuve
sodium'™ has been reported, but 1t 1s not widely employed for leukemta

The method of titrated, regularly spaced roentgen or P therapy described
by Osgood'™ has resulted i survisal which 1s superior to other programs of
therapy, according to the staustical analysis of Tivey The salient features

of thig plan are therapy diately after the g is made, 1r
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of the entire body either by roentgen therapy or P, titration of the dosc de-
pending on the response of the patient, and initial weekly interval between
dosage altered until suitable maintenance dosage and interval arc obtained,

When leukemia is being managed with chemotherapy, roentgen irradiation
is useful supplemental therapy for refractory, localized discase. Localized
lesions in the bones which are painful, enlarged spleen, localized lymphatic
involement, enlarging kidneys, and meningeal infiltration, giving signs of in-
creased intracranial pressure, all respond to irradiation with sufficient frequency
to justify trial Variations in the sequence, treatment factors, dosage, and
field 1rradiated are numerous and depend on the inclinations and experience
of the radiologist, as well as the response of the individual treated. For
example, doses of total-body irradiation, although usually in the range of 10
to 20 r, sometimes are given in massive amounts;'** and irradiation directed to
the spleen usually is 200 to 400 r, but 1t may be as great as 2,000 r in refractory
cases. More irradiation may be required for a response in myelocytic than in
lymphocytic leukemia. Edema may follow irradiation of enlarged lymph
glands, and this can prove disastrous when impending venous or tracheal ob-
struction is present.

The possibilities for improvement of therapy inherent in investigation of
the effects of irradiation on normal and neoplastic tissues are as great as con-
tinued chemotherapeutic studies  Actually, some of the effects of irradiation
and chemotherapeutic agents are strihmgly similar. Regression of tumors at
a distance from the field of irradiation and changes in nonirradiated tissue
transplanted to an irradiated field suggest humoral mediating factors. The
reversibiity of irradiation damage by transplantation of bone marrow and the
protective effect of shielded tissues have been studied extensively.® ' The
proposal that damaged cells are repatred by a process akin to transduction and
transformation™® has not been confirmed, but methods of labeling cells® and
information about mutagenic peroxides formed 1n irradiated matenal, as well
as other studies on altermg radiation effects, show real promise. ***

GHEMOTHERAPY

Benzene.—Exposure to benzene (benzal) may result in changes mn the
entire hematopoetic system, the most charactenstic of which are found in the
pone marrow  Hyperplastc reactions occur more commonly m males and
hypoplastic changes n females Chronic exposure 15 assoctated not only.wuh
anaplasia but also, less commonly, with leukemia.'™® In the past, experience
shawed 1t to be uscful treatment for leukemia’ in daily dosage of 2to 5 Gm
Now 1t 1s no longer used therapeutically because of potential toxicity and the
advent of more satisfactory compounds

Arsenic —One of the toxic effects of arsenic is to depress the leukocyte

count, and compounds Teleasing inorganic arsenic have been employed in the
s
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past for the treatment of Jeukemia*” *™ Best results were obtained in chronic
myclocytic disease during continuous therapy. Fouwler’s solution, N.F. (po-
tasium arsenite), usvally was giten in doses increasing from 0.3 mg. three
times daily until response or toxic cffects ensued  In addition to oral and rectal
routes of adminnstration, potassium arsenite abo was adminstered intras¢nously
in dilute solution. This treatment has been superseded Jargely by other forms
of therapy.

Urethan~—~Fthyl carbamate, which has been hnown for many years as
a hypnotic, was tested for possible intubition of various types of tumors by
Haddow and Sexton® as part of a general program of screening of mutotic in-
hibitors, Leukopenia was obsersed, and Paterson and associates™ subsequently
reported respanse of leukemia to admnistration of the drug.  The exact mode
of action has not been clarified by tracer <tudies with labeled urethan, but it is
of interest that the compound 1s carcmogenic m ammals?  Urethan is not
effective in acute leuhemia, and chronic myelacyue leukemia responds to it

9
Ga Hs‘O'C'NHZ

rethan
(Fthyl Carbamate;

more favorably than chronic lymphocyuc leuhemia  There is a lag m leu-
kocytic response, so that the discontmuation of therapy v prudent when the
count reaches fiftcen to twenty thousand leuhacytes per cubic millimeter.  The
usual dose of the drug 15 1 Gm after meals three ttmes dailv, but there s
consderable variation in response from patient to patient Smaller dosage mav
be effective m mamtaining remissions  In favorable cases, the total Jeukoevte
count recedes to the normal range, the differential count approaches the nermal
Pattern, the hemoglobin level riscs, and the spleen and enlarged nodes are
reduced m size  Toxic effects” are most commonly nausea and yommting,
but may alo include hypoplasia of the bone marrosw, hepatic myur, and damage
fo the central ner ous system

Alkylating .igents —

Mechlorethamine Hydrochlonde  Therapeuuc posstbilities of the radi-
orumelrc nitrogen mustards were first recogmzed by Guodman and
associates,” Goodman and Gilman,™ and Gilman and Philips,?” who found
that transplanted lymaphosarcoma tegressed after treatment of mice with
Crystalline hydrochlonides of the nitrogen mustards  Later, Lindskog™ ob-
taned chinical remyssion w2 patent with lymph oma, and } logi
studies by Dougherty showed resersible depression of bone marrow function
Lymphocytopema usually precedes granulocytopenia **  Methyl-brs (B-chloro-
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ethyl) amine hydrochloride (HN:, Mechlorcthamine hydrochloride, Mustargen)
causes a response in both chronic lymphogenous and chronic myelogenous leu-
hemia®™*'* which may be prolonged, but chronic lymphocytic leukemia ac-
companied by anemia seldom responds satisfactorily,” and acute leukemia can-
not be managed with Mustargen. The usual course of therapy consists of 0 4
mg. in fresh solution per kilogram of body weight. Mustargen was used in
far-advanced lymphogenous leukemia refractory to irradiation and in dissemi-
nated disease with visceral invohement,”®  Because both roentgen therapy and
other chemotherapeutic agents yield longer remissions, Mustargen now is scldom
used even in combination with other treatment, 't 22 214

GH CH G
CH3 _'l?'
CH,CH, Cl

Mechlorcthamine
N:, Mustargen, Methst-bis
(A Chloroethy1] Amine)

Triethylene Melamine.  Triethylene melamne (2,4,6-tricthylene-s-tria-
zine; TEM)®* ?* is a congener of Mustargen which 1s effective in chromc
1 h and myel leubermia  Acute leukemia does not respond

N\( N DN——T_

AN A\

Triethylene Melamine N-N'-N"-Tricthylene Throphosphoramde
(TEM, 2,4,S-yTnekhylene-J»Tnazme] {ThioTEPA, TSPA}

This compound was synthesized by textile chemists and tested mdependently
in England and in the United States  Inhibition o.f neoplastic growth in 2a':um:nls
was reported by Rose, Hendry, and Walpole,? Lewrs and Crmsl’c,);jﬂ:I Bur-
chenal and co-workers,”" and Philips and Thiersch ** Chimical trialh#**"" were
immednately encouraging  One of the chief advantages of the drug 15 th’c”(ac(
that 1t is a nitrogen mustard analogue which can be admmnustercd orally. It
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may also be given 1n one-half to one-third the oral dose intravenously, The
compound, in acid solution, forms ethyleneimonium cations which are bio-
logically active and cytotoxic. For that reacon, 1t is administered orally ap-
proximately two hours before breakfast, and 2 Gm. sodium bicarbonate is given
with each 5 mg. triethylene melamine in order to prevent their appearance in
the stomach.***  Injections of triethylene melamine into the pleural cavity can
be effective in preventing the reaccumulation of pleural fluid.

Nausea and vomiting are less troublesome with tricthylene melamine given
by mouth®** than with other nitrogen mustard therapy. Considerable delay
in action of the drug occurs following administration, and successive doses must
be given cautiously, especially if it is being given on an outpatient basis, Ulcer-
ation of the intestinal mucosa, thrombocytopenia, and hemorrhage™* have been
reported 1n patients receiving tricthylene melamine Higher doses are required
to obtain a comparable response i chronic myelocytic than in chronic lympho-
cytic leuhemia. Dosages ded vary hat, but an imtial dose up
to 5 mg. in chronic lymphocytic leukerma and up to 10 mg n chronic myelo-
cytic leukemia is reasonably safe. Subsequent treatment can then be planned
on the basis of response within the period of a week or more. Triethylene
melamine is now rarely used for the treatment of chronic myelogenous leu-
kemua

N-N'-N” Triethylene Thiophosph de* Shay and ' Zarafone-
tis and co-workers,?* and Leonard and associates™® reported response of chromc
lymphog and chronic myel Jeuk to ad of triethylene

thiophosphoramude (thioTEPA). Acute leukemia not only does not respond, but
abo the expertence of Smuth and assaciates®™ led them to advise that thieTEPA is
contraindicated for children with acute leukermia  The drug 15 useful because
1t can be given intramuscularly and orally when the intravenous route ts not
desirable or practical Local tumefaction, hepatomegaly, splenomegaly, and
leukocytosis regress with treatment  Anarexia, nausea, and s omsting may occur,
and therapy should not be given when thrombocytopema 1s encountered A
course consists of three to four weekly treatments of 25 mg and should not be
repeated for one month to six weehs **

Busulfan. BusulMfan (1,4-dimethanesullonyloxybutane, Myleran, G T -41)
1s a polyfunctional alkylating agent depressing the granulocytic series which
was synthesized by Haddow and Timmus 1 1953* and found by Galton and

0 0
[

H3 G-$-0-CHz GHa CHp GHp-0-S-CHs
4 0

Busulfan
(GT-41, Myleran, 1,4-Dimethanesulfonyloxybutane)
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ethvl) amine hydrochloride (HN:, Mechlorethamine hydrochloride, Mustargen)
causes a response n both chronic lymphogenous and chronic myelogenous Jeu-
herma®*2* which may be prolonged, but chrome hmphocstic leukemia ac-
companied by anemia seldom responds satisfactorily,?® and acute leukemia can-
not be managed with Mustargen. The usual course of therapy consists of 0.4
mg. in fresh solution per kilogram of body weight. Mustargen was used in
far-advanced lymphogenaus leukemua tefractory ta irradiation and in disseni-
nated disease with visceral involvement 2 Because bath roentgen therapy and
other chemotherapeutic agents yicld longer remtissions, Mustargen now is seldom
used cven in cambination with other treatment ' 3% 24

GH, CH Gl
CHy =N
CH, GH, Cl

Mechlorethamine
(HN,, Mustargen, Methyl-bis
[#-Chloroethyl] Amine)

Trnethylene Melamine:  Triethylene melammne (2,4,6-trniethylene-s-tria-
zine; TEM)®”** is a congener of Mustargen which 1s effective 1n chrome
Iyraphogenous and myelogenous leukemia  Acute leukemia does not respond

PV
Y :
I i
Y _—i
A A
N-N.N“"-Tnethvlene Thiophosphoramide

Trethylene Melamine e T

(TEM, 2,4,6-Trethylenc-i-Triazine)

This compound was synthesized by textile chemists and !‘cstcd independently
in England and m the United States, Inhibition :3{ ncap}asuc growth in ::?lmals
was reported by Rose, Hendry, and Walpole,*” Lewis and Cm“l:,}.:f“, Bur-
chenal and co-workess,™” and Plultps and Thuersch #° Climical trials’ were
\ encouraging. Onc of the chief advantages of the drug 15 the fact

mmedatet n be admnistered orally.®” It

that 1t 1s a mtrogen mustard analogue which ca
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Considerable variation in the amount necessary for a response has been
encountered, and whether irregularity of absorption or utilization js responsible
is not known Dosage has varied from 0.1 to 13 mg. per kilogram of body
weight. Damage to bone marrow is more hikely during continuous therapy than
after fntermittent administration, but suppression of hematepoiesis usually is
reversible.**  Lower dosage js advisable when inttial thrombocytopenia is found,
and such instances constitute a group wn which chlorambucil is particularly
useful.® ™ Anorexia, nausca, and yomiting occur only with large doses of the
drug. When properly administered, chlorambucil rarely causes undestrable side
effects.”  Approximately two-thirds of the cases of chronic Iymphocytic leu-
kemia treated respond favorably™ with decrease in leukocyte count, correction
of abnormalitics 1 difTerential count and hemoglobin level, and diminution of

) ly and lymphadenopathy. Response occurs usually by the
[ourth wcck of therapy and may last as long as six months ~ Although a shorter
course of tricthylene melamine may be required for remussion, triethylene
melamine js associated with more untoward side effects than chlorambucil.
The superiority of chl bucil to irradiation is questionable,** and addi 1
experience will be required to establish its most usclul role n the therapy of
leukemia.

Antimetabolites—

Folic Acid Antagomists. The deleterious effects of folic acid when admin-
istered to patients with leukemia®® **? are well hknown  After the structure and

function of this vitamin were blished, analogues became lable, and one
of the striking effects of these bolites proved to be leukop 3 The
4-ammo \! 4 Igl acd (A pterin), 4-aming-N*"-
methylpteroylglutamic acid (Meth te, Amethopterin), and 4-aminopteroyl

aspartic acid, were found to be acive 1n mammals. However, the admmntrancn
of pteroylglutamuc acid (PGA) does not reverse the effect of folic acd analogues
in Is because pteroylg actd 1s transformed 1nto folinic actd (citro-
vorum factor) n the process of nucleic acid metabolism  When the citrovorum
factor 15 used to combat toxicity, it nullifies the therapentic effects of folic acid
antagonists as well

The successful use of folic acid analogues 1n acute lymphoblastsc and myelo-
blastic leukemias was first reported by Farber and associates ™! Some response is
obtained tn approximately two-thirds of children treated,”* *** and best results
are obtained m acute lvmphoblastic disease  Chromic leukenuas rarely*® respond.
Of the 4-amino analogues, Methotrexate is the most sausfactory.® % Toxic
side efects of d therapy are itis, diarrhea, pancytopenia, portal
cirrhosis, and alopecta  The alopecta 15 reversible during therapy. Folic acid
antagomsts should not be given during pregnancy because of deleterious effects
on embryogenesis **  When renal insufficiency 15 present, plasma levels may con-
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Till*» #*¢ to be effective palliation for chronic myelogenous leukemia. The
effectiveness of busulfan has been confirmed by numerous mvesttgators,®™  #97-%
and it generally is regarded as superior to triethylene melamine, urethan, and
other chemotherapeutic agents. More experience will be required to determine
how this drug compares to jrradiation, but it scems to be equally eflective
Busulfan is without significant toxicity when given properly, but excessive single
and loading doses are unwise since thrombocytopenia and hypoplasia of the
bone marrow may ensuc. Splenic irradiation may be necessary in addition to
busuifan. Till cautions against continued dosage during pregnancy.

Although patients may not be alert to symptoms of the disease and experi-
ence relief after therapy, Till advises against beginning therapy in the absence
of symptoms. The leukocytic response may be delayed as long as six to eight
weeks, particularly if splenic irradiation has preceded therapy, but usually
occurs before this time. Increase m hemoglobin level may not begin earler
than one month and may not reach normal levels unul threc months have
passed since the beginning of therapy, depending on the initial level but in-
dependent of the leukocytic response. Responses may last as long as twelve
months, Relapses occur earfier with successive courses of therapy, and eventu-
ally contmuous admimstration of the drug may become necessary  The rec-
ommended oral dosage Is not greater than 0.065 mg per hilogram of body
weight, which 1s approximately 4 mg daily for most patients. Dosage greater
than 6 mg may depress myelopoiesis and offers no advantage. The biologic
speafiaty of busulfan, although not absolute, and 1ts occasional effectiveness
in the management of cases refractory to radwtherapy make it exceptionally
useful in the management of chronic myelogenous leukemia

Chlorambucl- In the course of inestigating biologic effects of aromatic
atkylating agents on normal and neoplastic tissues, Haddow’** #** found that
a paraphenylbutyric acid derivative of mechlorethamine, chlorambucil (CB-

1348, p-NN-[di-2-chloroethyl] aminophenylbutyric acid), inhibited the Walker
i CHp CHy,
>N© CHp CH, CHp COOH
CI CHp CHy

Chlorambucil
(CB-1348, p-NN-|di-2-Chloroethy!|
Aminophe wlbutyric Acid)

carcinoma 256 *°  Further studies by Elson’? and also by Bollag®™® revealed

that the agent depressed the lymphocyte count 1n the ras without a comparable
change in the granulocytes  Lxperience by Galton and associates™ and ath-

ers??? soon demonstrated the uscfulness of chlorambucil in chronic lympho-

cytc leukema.
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abn respond accasinnally.  Busullzn and irradiation give superior results in the
theeapy of chronic myclocytic leukemia  Clinical triaks followed the demon-
stration by Clarke and associates™ that the drug not only inhibited but alo
cured sarcoma 180 and increased the survival of mice with transplanted leu-
kemias, both sensitive and revistant to Amethoptenn  Some children resistant
to therapy with Amethopterin and stesoid therapy responded to G-mercapto-
purine abo. The dosage of 2.5 mg. per hilogram of body weight per day usu-
ally amounts to 5 mg. in a cid and from 100 10 200 mg. in an adult. The drug
must be given for long periods to be effectne  Remitsions are not expected
in less than from three to eight weeks, and Burchenal advises treatment at Jeast
eight weeks before abandoning trial with 6-mercaptopunne.  On occasion, com-
plete remission may not occur for ten to twelve weeks.  Although foxicity at the
recommended dosage 1s minimal, bone marrow hypoplasia does otcur, and
nausea and somiting are other undesrable side effects  Renal damage as a
result of high uric acid levels foltowing rapid fall in lenkocyte count should be
anticipated by regulaung the amount of the drug adminstered  Remssions

SH NH, oy
7 N N,
N N
Yo e ¥ Nen I ou
K\ (v N v N N
“ N H N M
6-Mercaptopurine Adentne Hypoxanthine

{Pupmnethot)
Purine Analogues

usually are shorter in childhood acute feuhenua than remissions following ther-
apy with fohc acid antagonists  Combined therapy with the glutamine antag-
onust, azaserine,™® gives results suggestu e thar complete remisnions are somewhat
longer than those with mercaptopunme alone ' Hill and Vincent™ reported
that large doses of Auorohydrocortisone 1 addition to 6-mercaptopurine may
Bive remissions in adults with acute Jeukemia

Steroids.—Cortisone, hyvdrocortisone, ACTH, predmisone, and predmsolone
Taay produce prompt remissions and are parucularly saluable i acute leuhema
occurring in children, Farber and co-workers™" ** and Fearson and associ-
ates™ were the first to recagnze the usefulness of sterards i lenkemia  In com-
Pamson to the other sterowds, pred and pi produce bl
therapeutic effects with less undesirable changes i tlevirolyte balance *° Bes.
nard and Deltour,”* Hill and ascociates,™ *% and others™ ¥ 2 admmstered
Sartisane 1n doses up to 5 Gm and prednwsone and predntsolone in doses up to
t G daly 1 adults to produce responses which would otherwsse not be
achieved. On the basss of response of the leukemia, there may be some yustifica-

dn1sol
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tinue to be high, and care should be exercised in calculating dosage to prevent
cumulative toxic effects.*®  Methotrexate may be giten intramuscularly or
orally in daily doses of 1.25 to 5 mg. The drug can be continued in daily doses
up to two months," or until remission occurs. If continuous therapy then is
elected, treatment on alternate days with lower dosage may be advisable. Serial
studies of bone marrow and peripheral blood are adsisable for most satisfactory
management. Although relapse inevitably occurs and remission may be of only
a few weeks’ duration, the response may extend over a period of many months
in favorable cases.*" ***- 265 270319 In general, remissions are longer than after
therapy with 6-mercaptopurine and steroids.™
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Amethoptern
(Methotrexate, 4-Amino-N10
Methylpteroylglutamic Aad)
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I Heo Y ™
HG——N—C— —N—CHg— ]
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Folie Aad
(PGA, Preroylglutamic Acid)
Folic Acid Analogues
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Purine Antagomsts  Utilizing the compounds and n
by Elion and co-workers”**"" and by Hitchings and co-workers® "f" on purines
and pynmidines m relationship to the biosynthesis of nucleic acid, Burchenal
and co-workers®*?* found that a punne ;{ntagonxst, »6—mcr?aptopurmc (Purin-
ethol), caused complete or parttal remission and clm.lcal improvement 1 ap-
half of the children with acute leukemia treated. Adults with

imately : H i
proxi e or afflicted wath early and late chronic myelocytic leukemia

acute Jeuhem’
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has been re-evaluated as a procedure to be used only in selected cases rather than
indiscritminately,  Results scem to justify the operation when the critera of Fer-
rata and Fieschi*™ are followed with certain modifications  As indications, they
included thrombocytopenia on the basis of hypersplenism, splenomegaly, and
hemolytic anemia, The bone marrow in Jeukemia will not likely present as
favorable 2 picture as desirable, but operation 1s contraindicated only if the
numbers of nucleated red cells and megakaryocytes are reduced to a pronounced
degree. In the case of hyper<plenic thrombocytopenia and pancytopenia, the
calculated risk of operative intervention mn patients with leukemia may well be
rewarding,s> =% with improvement lasting for a namber of years  How-
ever, splenomegaly alone is not an ind for spl y, responding as it
frequently does to chemotherapy, irradiation, or a combnation of the two.
When the great <ize of the spleen and associated pain are otherwise unmanage-
able, removal becomes justified Dameshek and associates,™ Wintrobe,™* and
others adiise splencctomy only after failure of steroid therapy when hemolytic
anemia is the reason for considenng surgery  Better results are obtained if
the splecn is removed carly in the course of the diease  Oceasionally, splenec-
tomy is performed for the cytopenia before leukena 1s recognized,*™ and the
dragnosis should always be hept 1n mind in this group of cases  Thymectomy®"
has not been beneficial in chnical caces of lymphogenous leukema

SUPFORTIVE THERAPY®'*91%

A forthright, positise, and cheerful atttude on the part of the physician
assures the patient and hrs famuls that something can be done, and therapy should
be directed toward prolonging the useful and happy period remaining before
the inevitable outcome  In children, particularls, the penods of hospitalization
should be reduced to a mimmum  Leukopensa 1s not necessanily an indication
for transfusion, and the hemoglobm value may return to normal in anemic pa-
fients without transfuston after appropriate therapy  For this reason, trans-
fusions should be deferred unless the necessity 15 obvious  If transfusions do
become necessary, they can be given on an out-pattent basis  Alo, prophylactic
antibiotic therapy ordinanly 1s not adsisable m the absence of a speaific nfec-
tious process. The therapist <hould guard agamnst the mistake of defernng
defimitiy e therapy too long with the 1dea that the patient may need therapy more
urgently 1n the future Treatment should begin when there are indications,
smnce the patient’s discase may become refractory to treatment, forfeiting pallia-
tion earhier 1n the disease

MANAGEMENT OF LEUKEMIA'® 147 T16-32¢

dcute Leukernia —Both vmphobl and lobl leuk respond

to bolites and lymphoblastic leul responds to steroids, The meta-
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tion for this type of therapy, although the usual side effects appear with doses
of this magnitude. Ranney and Gellhorn™® advise antacids and 3 Gm. potas-
sium chloride daily as part of the prednisone and prednisolone therapy. Fessas
and co-workers™ confirmed the excellent results of treatment for acute lympho-
blastic leukemia, but they advised caution in using cortisone and corticotropin
in other forms of leukemia because response was not only less likely to oceur
but also the process seemed to be accelerated in some cases.
Desacetylmethylcolehictne—~Desacetylmethylcolchicine (Demecolcin,
Colcemid), extracted from Colchiwcum autumnale by Santavy and Reichstein,™*
1s thurty to forty times less toxic than colchicine in doses producing the same anti-
mitotic cffects *”  Following initial studies of Moeschlin and co-workers,*
others have tested its therapeutic effects.™* ™ Remisston of chronic granulo-
cytic leukemia occurs frequently when this drug is administered, although re-
lapse ensues rather promptly if it is discontinued. Leonard and Wilkinson®®

GHz 0 —NH~CHg
CHz 0
0
g
3 0  oOCH;

Desacetyimethyleolehieme
{Colcemnd, Demecolein)

pomted out that the aplasuc anemia, thrombocytopema, and precipitation of
acute myelobl leul which are disad ges of busulfan therapy, were
not scen in a small group of cases they treated with Demecolamn.  Imtially,
Demecolcin may be given i daily doses of 3 to 10 mg. by mouth. When the
leukocyte count d: hes, a daily dase of 3 to 5 mg. is usually
adequate with muumal side effects *° A similar compound, N-desacetylthio-
colchicine, has been found to have stmlar therapeutic effects by Huguenin and
associates™ and by Burchenal and Krakoff,' but additional data are desirable
m order to evaluate the relative usefulness of this agent and Demecolcin 1n com-
parison to other types of therapy

SURGERY
QOther than hiopsy of soft tissues and bone marrow to cstablish the diagnosts,
surgery is weeful in leukemta only when splenectomy 15 indicated Aflc.r the first
splenectomy for leukemia by Bryant’™ i 1866, the procedure was tried exten-
sively and abandoned as madvisable. In recent decades, however, the operation
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mine the exact usefulness of the colchicine group of compounds in the treatment
of chronic myelogenous leuhemia.

A tremendous amount of experience has been accumulated in the use of
localized and total-body irradiation in chronic leukerma. A comparison of the
results of jrradiation treatment and chemotherapy is difficult, but there is no
clear-cut superiority of chemotherapy to irradiation 1n the therapy of chronic
leukemia.  One type of treatment may be a uscful supplement to the other.
Trradiation of the spleen and localized lesions often is 2 useful adjunct to chemo-
therapy. The methods of continuous, titrated dosage of total-body and P* irradi-
ation first described by O-good™ have produced results which are quite im-
pressive.

In the treatment of the indnidual case of chronic lymphocstic and granulo-
eytic leukemia, the therapint has at his command a comforting array of methods
for definitne therapy (Table XXIV), as well as trandusions and antibiotics as
supportise therapy for leuhemia, Clearly, the posaibikty that additional chemo-
therapeutic agents may be morc effectine encourages laboratory and chnical
screening programs, such as current investigations on the effect of antibiotics
and biologic filtrates alone and supplemented with irradiation” **  In
addition, much is to be learned about the most effective combinations and
sequences for using the agents at hand
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bolic antagonists of folic acid, purines, and glutamine are useful chiefly in chil-
dren and more rarely in adults. Fortunately, resistance to one does not imply
resistance to the remainder, and one agent can be used as supplemental therapy
to the other. Serial treatment, therefare, may offer more than the use of ane
of the antimetabolites alone. Response to the antimetabolites requires a longer
period of time, but remissions are longer in comparicon to the results of steroid
therapy. In acute leukema, therefore, the folic acid, purine, and glutamine
antagonists should be reserved for those cases in which waiting for a response
for therapy is justified On the other hand, steroids exert their effects rapidly
but the response is not prolonged. Therefore, in any patient who is acutely ill,
particularly with hemorrhagic dathesis, steroids should be the initial form of
therapy. In children, Amethopterin and mercaptopurine are the preferable
drugs to use, whereas mercaptopurine probably 1s more advantageous in adults.

Chronic Leukerma—A wider choice of agents is available for the treat-
ment of chronic granulocytic and lymphocstic leukemia in comparison to eflee-
tive measures for the acute disease. Benzene and arsenic are no longer com-
manly used, and urethan 1s used much less frequently than formerly. The alky-
lating agents, nitrogen mustard, triethylene melamine, and thioTepa, may cause
regresstons in both granulocytic and lymphocytic disease, but probably should be
reserved as supplemental therapy with triethylene melamine being the preferred
treatment.  Superior to these agents for tic Jeukemia is busulfan, and
discontinuous therapy 1s practically free from undesirable sccondary effects
Chronic lymphocytic leukemia responds to chlorambucil, although somewhat
inconstantly  This, howeser, represents the most nearly specific of all the ther-
apeutic agents for treatment of lymphogenous disease. In chronic granulocytic
leuhemia, the purine antagonrsts also may be eflective occasionally. Of these,
6-mercaptopurine probably is the drug of choice, since neither thioguanine nor
chloropurine offers additional advantages Responses also occur following ad-
ministration of Colcernid, but sufficient experience has not accumulated to deter-

TasLe XXIV
RespoNse oF LEukemia To THERAPY

CHRONIC V
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