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Preface

LEevkewMia, like cancer and poliomyelitis, has been classed as one of the ‘“dread
diseases.” Without doubt, it represents the most important single problem in
hematology. In the United States alone it kills at least 10,000 annually, many of
them bright, active children or intelligent men and woraen in their prime of life.
Most statistics indicate that the disease is on the increase, particularly in the
lust three decades of life. Whether or not this is actually true or due simply
to more case studies and better recognition, there can be no question regarding
the seriousness of the problem and the necessity to cope with it by all available
means.

There have been many thousands of articles written about leukemia but the
paucity of books on the subject is amazing. Forkner’s text of 1938 was ency-
clopedic in its scope and for many years remained almost the only central source.
The enormous resurgence of interest in the disease, brought about in large
measure by the possibility of achieving at least temporarily beneficial, results
with various chemicals, has led to a quest for more precise knowledge of the
diseuse: its tharacter, the nature of the leukemic cell, the pathophysiology of
such features as the anemia, hyperuricemia, the hemorrhagic state, ete. Etiologic
factors, previously unknown, have come to the surface, and today there is
great talk of the viruses and much statistical evidence for the leukemogenic
effects of ionizing radiation. The empirical nature of most of our therapy, even
that with the newer antimetabolic and cytotoxic agents, and its eventually
unsatisfactory characteristics, have naturally led to an increasing inquiry into
the more fundamental aspects of cellular growth and proliferation.

What is leukemia? Is it a reactive disturbance, or is it neoplastic? Does it
represent a cellular reaction to an infectious or other agent, or does a harmful
mutation take place, leading to an abnormal type of unusually rapid leukocyte
proliferation? The leukemic cell seems to have some rather characteristic features
as we examine it, but when one tries to analyze it feature by feature, chemical
By chemical, the apparent differences between normal and leukemic cells become
less and less pronounced. Perhaps this is why, in treating leukemia, we are al-
ways limited by what the chemical or other agent does to the normal cells; the
action upon both leukemic and normal cells is so much alike.

This work on leukemia is limited almost entirely to a consideration of human
leukemia. Not that mouse leukemia and fowl leukemia are not important; they
are of utmost importance, particularly from the investigational aspect. We
present in this monograph a rather personal account, not only of our own in-
terests in this field but of what. e think the practitioner (internist, pediatrician,
pathologist and clinical pathologist) may be interested in. The work is by no
means encyclopedic nor is it a textbook, although sometimes, as in the clinical
descriptions, it must partake of some of the features of the latter. There is
probably more emphasis on certain aspects than on ethers, again an indication
of our special fields of interest: etiologic agents, the myeloproliferative syndromes,
therapy. Nevertheless, we believe that there is presented in these pages a fairly
comprehensive picture of the present state of our knowledge (some might say
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“ignorance”) of leukemia. We realize full well that this is but an interim report
and that perhaps in a short time, whether it be a year or a decade, a revolution
in understanding and control of the disease may well take place. Actually, the'fact
that one has a difficult time in defining leukemia may in itself be somewhat
hopeful. Since there s no complete certainty that the condition is malignant, nor
even what “malignancy’ is, it is altogether possible that leukemia may eventually
turn out to be a deficiency state or an immunologic reaction or a response to an
infectious agent. Again, what we learn from leukemia, with its readily available
blood and tissue cells, should certainly be of considerable value in the under-
standing of neoplastic disease in general.

This work could never have been completed without the help of many in-
dividuals. From our patients we have learned a great deal, particularly in courage
and forbearance. From our colleagues, who have come to work with us from
many lands and many parts of this country, we have gleaned much valuable
information, and the give-and-take of our daily discussions has been of utmost
value. We may single out a few who have worked with us on specific problems
in this field: Drs. Mario Baldini, Boston; Luis Bergna, Buenos Aires; Marvin
Bloom, Buffalo; Edmund W. Campbell Boston; Jyoti Chatterjea, Calcutta;
William H. Crosby, Washington, D. C.; Solomon Estren, New York; Henry
Goldenberg, Toronto; Norma Granvﬂle, Hartford; Zacharlas Kommnos New
York; William McFarland, U.S. Navy, Bethesda, Maryland; Carlos Mesa Arrau,
Santiago, Chile; Enrique Perez Santiago, Santurce, Puerto Rico; Anthony
Pisciotta, Milwaukee; Jack Rheingold, Washington, D. C.; Martin Rosenthal,
New York; Fernando Rubio, Jr., Boston; Richard H. Saunders, Rochester;
Laurence I. Schwartz, New York; Jay Silverberg, Pittsburgh; Karl Singer,
deceased; Mario Stefanini, Boston; Asuman Unugur, Istanbul; Louis Weisfuse,
Long Island, New York; Leda Zannos, Athens, Greece.

In addition, we wish to acknowledge with thanks the help of the following
individuals, all of New Zealand: Drs. G. C. T. Burns, A. F. Burry, A. J. Campbell,
A. M. Goldstein, R. F. Hough, J. B. Jameson, G. L. Rolleston, D. T. Stewart,
and Messrs. S. E. Brooks and K. A. Donaldson.

Our secretarial staff headed by Miss Joyce Rock and including Mrs. Arlene
Morris, Mrs. Mildred Seagraves and Miss Zelda Cushner, has somehow tri-
umphed over a mountainous collection of drafts, copies, bibliographies, il-
lustrations, made all the more complex by the half-world separating the two
authors. Among our many technicians over the years, we must particularly
note Mrs. Irma B. Mednicoff and Mrs. Louise D’esy Choinski.

Special thanks are due to Dr. H. Edward MacMahon, Professor of Pathology,
Tufts University School of Medicine, and his staff for their cooperation in pro-
viding most of the photomicrographs of sections in the text (except those other-
wise cited); Dr. Alice Ettinger, Radiologist, New England Center Hospital, for
her continued interest in our work, and for supplying most of the x-ray illustra-
tions used in the text; Dr. W. J. Mitus of our laboratory, for his aid in the histo-
pathologic and histochemical sections; Professor Y. Kawakita of Kumamoto
City, Japan, for his meticulous illustrations done while he was with us in Boston;
Dr. Joseph Beard of Durham, North Carolina, who reviewed the section on viruses
and with whom we had several profitable discussions on thisimportantsubject; Dr.
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Charles Congdon of Oak Ridge National Laboratories, Oak Ridge, Tennessee,
who examined the section on reactions to x-rays and with whom we have col-
laborated in a bone marrow transplantation project; Dr. Wayne Rundles of
Durham, North Carolina, who reviewed the sections on multiple myeloma and
urethane and supplied several excellent electrophoretic patterns of serum and
urine; Dr. Marcel Bessis, of Paris, who generously allowed the use of some of his
extraordinary electron micrographs; and to Dr. Leon Dmochowski of Baylor
University, Houston, Texas, who supplied electron micrographs showing viruses
in leukemic cells from different animal species and humans. Mr. Tuckerman Day
compiled the index.

We acknowledge with appreciation the help of our wives, Mrs. Ruddy Dame-
shek and Mrs. Joan P. Gunz, whose patience was undoubtedly strained at
times while their husbands toiled over an ever-demanding manuscript. To our
long-time secretary, Mrs. Edith M. Florentine, we extend thanks for her constant
cooperation, particularly in unearthing pertinent clinical data.

Finally, we cannot fail to acknowledge the generous support throughout the
years of the American Cancer Society, Inc., the American Cancer Society (Massa-
chusetts Division), the National Cancer Institute of the United States Public
Health Service, the Medical Research Branch (Division of Biology and Medicine)
of the United States Atomic Energy Commission, the Damon Runyon Memorial
Fund for Cancer Research, Inc., and of generous private donors. Among these
may be listed Mr. E. Calvin F owler of Chattanooga, Tennessee (deceased May
29, 1958), Mr. E. Stanley Wright of Worcester, Massachusetts, the Greenbaum
Family of Boston (in honor of Mrs. Sarah Greenbaum, deceased), and the Rho
Pi Phi Ladies Auxiliary, of Boston. We are indebted to the Schering Corporation
and to its Vice-President and Medical Director, Dr. Edward Henderson, for
their generous contributions of large amounts of prednisone (Meticorten) and
their financial aid in defraying the cost of the colored plates.

William Dameshek
Frederick Gunz
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I. Leukemia in the Past

LEeuxemia, since its recognition as a distinctive disease, has had a history
of little more than 100 years, and it is therefore a comparative newcomer among
the major known scourges of humanity. It was first described almost simul-
taneously by two brilliant young men who, after applying their great gifts to a
meticulous exploration of its features in the living and the dead, engaged at
once in an almost venomous wrangle over the honor of having been the first
to identify this fatal disease. Progress in the knowledge of leukemia has been
fitful since these beginnings. It should be realized that at the time of its discovery
very little was known about the composition, the origins and the functions of
normal blood, nor were there any good methods available for investigating them.
Each step forward had therefore to be preceded by an exploration of the normal,
Where this lagged, speculation usurped the place of research and theory that
of fact. Much of the literature of the first hundred years echoes with the clash
of controversy which, lacking a basis of substantial facts, could only be dialectic
and unproductive. It is regrettable but true that even today we do not possess
the answers to many of the fundamental questions about the mechanism of nor-
mal hematopoiesis or the regulation of the blood elements. This fact largely
explains our continuing ignorance of the causes of leukemia and of the means
of subjugating it.

It seems likely that the first accurate description of a case of leukemia was
given in 1827 by Velpeau.?” His patient, a 63 year old florist and seller of lem-
onade, ‘“who had abandoned himself to the abuse of spirituous liquor and of
women without, however, becoming syphilitic,” fell ill in 1825 with a pronounced
swelling of the abdomen, fever and weakness, and symptoms caused by urinary
stones. He died soon after admission to hospital and at autopsy was found to
have an enormous liver and spleen, the latter weighing ten pounds. The blood
was thick, “like gruel, . . . resembling in consistency and color the yeast of red
wine . . . . One might have asked if it were not rather laudable pus, mixed with
blackish coloring matter, than blood.” It was in fact the peculiar character of
the blood, as seen post-mortem, which first attracted the attention of all the
early observers of leukemia. Thus Barth,? in 1839, was so interested in the autopsy
findings in one of his patients that he submitted the blood to microscopic exami-
nation. This was carried out by Donné, who reported that more than half of
the blood consisted of “mucous globules” which could not be distinguished from
pus corpuscles. It appears that Donné!® was the first to examine the blood of
another leukemic patient during life; it was so full of colorless corpuscles that
at first he thought it was pus.

In spite of these and other early observations, leukemia was not recognized
as a definite entity until its description in 1845 by Bennett* in Scotland and by
Virchow® in Germany. The independent publication, within one month of each
other, of two cases of the same new disease, was less remarkable than the fact
that each observation came from the pen of a man who was to become a leader in
his own field, Bennett in physiology and Virchow in pathology. In each of the
two cases it was the post-mortem appearance of the blood which first gave the
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2 LEUKEMIA

hint that an unusual condition was present. In Virchow’s patient the blood
vessels contained a “yellowish-white almost greenish mass.” Microscopically it
consisted “besides very few red blood corpuscles . . .. of the same colorless or
white bodies which also occur in normal blood, namely small, not quite regular
protein molecules, larger, granular, fat containing, non-nucleated corpuscles
and granular cells with one rounded, horseshoe-shaped or trefoil-like or several
hollowed-eut distinct nuclei.”” The relation between red and colorless corpuscles
was about the reverse of the normal one, so that Virchow coined the term ‘“White
Blood” (Weisses Blut) to describe the condition. The spleen weighed 7 lbs. 12
oz. in Bennett’s case and measured nearly a foot in length in Virchow’s patient.
Thus, while the findings were similar, the two authors interpreted them in a
different fashion: Benmnett as “suppuration of the blood,” Virchow, much more
cautiously, as probably not ‘‘pyemic”. A few months later® (August 1846),
having reconsidered not only his own case but also those published by Bennett,*
Craigie,® and Fuller,”® Virchow took a much more definite attitude against the
pyemic theory of leukemia, pointing out that there was no evidence of local
suppuration which could have spread tc the blood, that “pus” eorpuscles were
identical with the colorless bodies normally occurring in the blood, and that in
leukemia (still called “White Blood”’) there was merely an increase in the normal
number of these‘latter cells. Such an increase was also shown by Fuller™
who examined the blood three times during life in his patient and found on
each occasion, ‘““in addition to the natural blood-corpuscles, a very large propor-
tion of abnormal, granular, colorless globules.” (Craigie? observed his case
several years before those of Bennett and Virchow but did not realize its signi-
ficance until he watched Bennett’s autopsy of his own first patient. Both Graigie
and Bennett thereupon reported their cases as instances of the same disease
in the same number of the Edinburgh Medical and Surgical Journal. Fuller
was apparently not cognizant of Bennett’s and Virchow’s papers when he
presented his case at a meeting of the London Medico-Chirurgical Society in
June 1846.)

Following these early publications further cases were reported in rapid suc-
cession both by the two chief protagonists of the new disorder and by lesser
figures, so that by 1852 Bennett could publish a monograph on “Leucocy-
thaemia’’® in which he described 37 cases which were by then known. Of these
17 had been diagnosed during life by means of blood examinations, and at least
one had been followed for eighteen months, during which time the colorless
corpuscles had been constantly increased. Meanwhile Virchow introduced the
term “Leukemia” in 1847*® and published a series of brilliant studies on the
nature of the disease, which he summarized in 1856* in a paper of great interest
and importance.

Virchow started by asserting that the colorless corpuscles are always present
in normal blood and are increased after digestion, in pregnancy, and in most
inflammatory conditions. Such an increase is not by itself a disease and must
be distinguished from leukemia which is a definite pathologic state characterized
not only by an increase in colorless corpuscles but also by a decrease in the
number of red cells and dependent on changes in certain organs. There are
in fact two kinds of leukemia, the first—‘‘splenic’’ or “lienal”’—associated with a
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swelling of the spleen, the second——‘“lymphatic”’—with tumefaction of the
lymph nodes and the presence in the blood of colorless corpuscles resembling
those which are ordinarily seen in the lymph nodes. Moreover, the changes in
the organs precede those in the blood, for there are cases in which enlargement
of lymph nodes or spleen may be found months or years before changes develop
in the blood. Pathologically, the lesions in both spleen and nodes are a hyper-
plasia of normal elements, and both the liver and kidney may be infiltrated
with the cells present in the blood, although such foci are probably formed
locally rather than from cells which have wandered out of the blood stream.
Virchow did not know the reason for these changes which he thought were not
inflammatory, although they might be accompanied by inflammatory lesions
of the skin or mucous membranes; the latter were however likely to be a
consequence rather than the cause of the blood and visceral changes.

This paper contains in a rudimentary form many of the views on the pathology
of leukemia which are still held today. It is all the more remarkable as there
was extremely little knowledge at the time it was written concerning the sites
and mechanisms of hema‘opoiesis, and the functions and fate of the blood cells.
The general view on the origin of the red blood cell was still that put forward by
Hewson in the eighteenth century: that is that red cells are formed from the
colorless corpuscles in the blood itself. Thus Bennett (1852)% suggested that
the red cell was the “liberated nucleus of the colorless cell.” Colorless corpuscles
were thought to be formed in the “lymphatic glands,” including the spleen,
thymus, thyroid, suprarenals and pineal body, whence they entered the blood.
They were probably produced “in an organic fluid, by the production of mole-
cules, the successive development and aggregation of which constitute the higher
formations.” Later the blood corpuscles are dissolved in the liquor sanguinis
and “with the effete matter absorbed from the tissues constitute the blood
fibrin.” Virchow himself, like many others, had at first accepted the transforma-
tion of colorless into colored corpuscles in the circulating blood, and had ex-
plained leukemia as a retardation in this process, with the production of in-
creased numbers of white and of decreased quantities of red cells. By 1856,%
however, he had abandoned this view and now regarded the white corpuscles
as ‘“simple, non-specific cells” which are not transformed into red corpuscles
once they have left the sites at which they themselves are produced; they are
rather “a relatively superfluous part of the blood, a sort of superfluous excess.”
The transformation of lymph corpuscles into red cells does however take place
in the spleen and lymph nodes; but once they have reached the blood stream
“their specific metamorphosis into colored corpuscles becomes impossible »’
They circulate for a brief while and then perish.

We may summarize this first phase of research on leukemia by saying that
within twelve years of its recognition, the two chief varieties of chronic leukemia,
as well as the acute form (Friedreich, 1857)!" had been described, and the main
clinical and pathologic features tabulated. Owing to the exceedingly crude
hematologic methods then available it was possible to make only the most
superficial examination of the leukocytes themselves, and though it was
realized that there was more than one variety of these cells, they could not be
characterized morphologically or traced back to the sites of their formation.
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It had however been acknowledged even by those who, like Bennett, had orig-
inally regarded leukemia as the result of a special kind of inflammation, that the
changes in the blood were not caused by an admixture of pus, but probably by
a proliferation of those white corpuscles which are a normal constituent of the
blood. The primary changes in the disease were now sought in the “lymphatic
organs’’ rather than in the blood itself.

It is a significant sidelight on human vanity that in the face of the overwhelm-
ing evidence which pointed to leukemia as a distinet and in many ways remark-
able disease, there were still loud voices which denied its very existence. At a
discussion held in Paris in 1855, one physician {Cahen)® exclaimed: ‘“Leukemia
has no special causes, special symptoms, particular anatomic lesions or specific
treatment, and I thus conclude that it does not exist as a distinct malady,” while
another (Barthez)? added: “There are enough diseases without inventing any
new ones.”

The thirty years which followed the publication of Virchow's great paper
brought little significant progress. They were a time of consolidation of existing
knowledge, although one notable addition to it was Neumann’s?** demonstration
that the bone marrow was an important site for the formation of blood corpuscles
in health and disease. His studies originated from the observation (1870) of
abnormal marrow appearances at the autopsy of a man who had died from ob-
vious “splenic” leukemia. The marrow was not red like that of normal people
but “dirty yellow-greenish” like pus. Neumann thought that such changes
might well be common in leukemia, and that they had probably not been pre-
viously described because nobody had looked for them. He surmised that there
might in fact be a ‘“myelogenous” leukemia, in addition to the splenic and
lymphatic forms, and proceeded to prove this suspicion in a number of publica-
tions which he summarized in an extensive article, in 1878.2 He was by then
certain that the marrow normally formed colorless corpuscles and delivered
them to the blood. Whether such corpuslces were transformed into colored ones,
88 had been generally assumed, appeared rather doubtful to Neumann, for he
could show that the immediate precursors of the red cells were nucleated red
cells which he found regularly in the marrow, and sometimes also in leukemic
blood. If a transformation of white to red cells did occur, he reasoned, leukemia
could be caused either by an overproduction of the former, or by a failure of
their transformation to the latter; but if red cells were formed independently of
the white ones, then there must also be a disturbance in their production in the
marrow in order to account for their diminution in leukemic bleod.

Gowers (1879),' in a masterly monograph on leukemia, took this argument a
step further by pointing out that the anemia in leukemia might theoretically be
caused either by a diminished formation of red cells, or by their excessive de-
struction. He inclined to the view that the former mechanism was the main
cause, although increased destruction mighi also play a part. It is of interest
that this fundamental question has even now not been finally solved (c¢f Chap-
ter I1X). '

Although Gowers accepted Neumann’s views on the role of the marrow in
normal and leukemic hematopoiesis, he still regarded it as less important than
that of the spleen and the lymph nodes, and subdivided leukemia into ‘“splenic



IN THE PAST 5

leukocythaemia’ and “lymphadenosis.”’ Very significantly he equated the latter
term with ‘“Hodgkin’s disease” and thus foreshadowed an era of prolonged con-
fusion about the diseases of the lymphatic tissues and their interrelations. Gowers
believed that the increase in the number of white cells which occurred in “splenic”
leukemia was only a symptom accompanying the primary changes in the blood-
forming organs, and that it need not be present before the diagnosis of leukemia
could be established. He thus anticipated the much later recognition of the sub-
leukemic or aleukemic forms of leukemia which could only follow after new
methods had permitted a separation of the various types of normal and abnormal
leukocytes.

We now enter upon a period of uncertain groping for new truths during which
time efforts were made to define especially the features of the acute leukemias,
and the position of all leukemias in the wider field of those diseases which affect
the hematopoietic organs. Into this period, which extended well into the twen-
tieth century, falls Ehrlich’s discovery of staining methods which, for the first
time, made it possible to see the cellular details of the various forms of leukocytes
and to describe accurately the cytologic features of the leukemias. It required
considerable time, however, before the new techniques could be assessed and
assimilated and before it was feasible to trace securely the connections between
the many different cell forms whose bewildering array now stood revealed. In
the meantime Ehrlich’s stains probably added to rather than relieved the dif-
ficulties of classifying the leukemias.

During the late nineteenth and the early twentieth centuries hematologists
conjured with a host of new terms like pseudoleukemia, leukosarcoma, chloroma,
lymphosarcoma, myelosis, myeloma, and various combinations. Many of these
were ill defined at the time of their first appearance, and definitions had to be
ultered in the light of accumulating clinical or pathologic experience, generally
under the pressure of attacks by rival schools of physicians. Presently the same
term would be used in a variety of different ways by its proponents as well as its
antagonists, until it might eventually become attached to conditions far removed
from those to which it was originally intended to apply. Only a very brief account
of this disturbed period need be given here, and even this would be unnecessary
but for the fucts that faint echoes of these old battles are still heard today, and
some of the terms have survived to give useful descriptions of more precisely
defined hematologic conditions.

A characteristic example of the metamorphosis and eventual disappearance of
a hematologic neologism is “‘pseudoleukemia,” which still appeared in official
classifications of leukemia as late as 1938, although it had long since been dis-
carded by serious students of the subject. This term was first used by Cohnheim?
in 1865 to describe a disease which, to judge by its account, was undoubtedly an
example of acute leukemia. The patient, who died four months after the onset
of his illness, showed ull the clinical and pathologic fentures of a rapidly pro-
gressive leukemiu, but neither during life nor at autopsy was it possible to show
-~ an increase in the number of the white blood corpuscles. It should be realized
that at the time no actual blood counts could be made, and that only the rela-
tive proportions of red and white cells could be approximately determined, with-
out nttempts at “differentiul” counting. Hence *“‘pseudoleukemia” in effect de-
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scribed any condition associated with splenomegaly or lymphadenopathy in
which there wag no gross increase in the number of the leukocytes, and which
could not be otherwise diagnosed. The term was obviously a convenient one, and
there is no doubt that many cases of tuberculosis and other infections, as well
as Hodgkin’s disease, neoplasms and non-leukemic hematologic abnormalities
were at one time or another included in the group of “pseudoleukemias.” Follow-
ing the introduction of staining methods attempts were made to define the con-
dition more narrowly, a “relative’’ lymphocytosis becoming now an additional
requirement (Pinkus).” By 1912 doubts about the existence of pseudoleukemia
as a separate entity had grown so pronounced that even those who defended the
usefulness of the term (Fraenkel;'® Sternberg®) appeared to be uncertain about
the sense in which it was to be used. It was finally buried in 1918 by Symmers
who demanded that it “be discarded as a misleading and inappropriate designa-
tion” and suggested ‘“that the lesion so named should be included among the
lymphosarcomas;” a classification which would certainly be entirely inappro-
priate for Cohnheim’s original case.

Of much greater importance than pseudoleukemia was the problem of the
lymphosarcomas and their relation to leukemia. The name lymphosarcoma was
first used by Kurndrat? in 1893 for a primary affection of the lymph nodes or
mucous membranes which sooner or later spread to neighboring structures in
the fashion of some malignant diseases and, starting from one part of the lym-
phatic system, progressed by gradual stages to involve succeeding groups of
lymph nodes. Kundrat thought it possible to distinguish this disease from
leukemia by virtue of its' greater local invasiveness, much less widespread gener-
alized manifestations and absence of a leukemic blood picture. He believed that
it was not a cancer and advanced chiefly, if not entirely, by lymphatic rather
than by hematogenous channels. )

The term lymphosarcoma as used by Kundrat soon became accepted as
denoting the nodular and usually rapidly fatal affections of the lymph nodes,
either regional or generalized, which oceurred in the absence of a leukemic blood
picture. It was not long, however, before Tiirk® recognized that there were close
connections between lymphosarcoma and leukemia, for many leukemias had
little if any increase in the normal number of lymphoeytes in the blood, and the
clinical features of both conditions were very similar. In a remarkably farsighted
paper (1903) Tirk®® grouped together the lymphatic leukemias, both chronic
and acute, and the lymphosarcomata in one system of “‘lymphomatoses,”
stating that this included benign (chronic lymphocytic leukemia), acute--—either
benign or malignant—(acute leukemia, chloroma), and chronic malignant
(lymphosarcoma) forms, which differed from each other in only two ways:
by the degree of proliferative activity and local invasiveness of the lymphoid
cells; and by the presence or absence of blood invasion. Moreover there might
be transitions between the various “lymphomatoses,” though Tiirk thought
that these were rare. Symmers,?® some years later, went one step further by
actually including lymphocytic leukemia among the lvmphosarcomata.

It is obvious that Tiirk’s classification of the “lymphomatoses,” though dif-
fering from present-day views in some details, is fundamentally in harmony
with all that is now known of the interrelationship of the various diseases of
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the lymphatic system. It is all the more regrettable that his important theory
became almost at once overshadowed by Sternberg’s promotipn of a new concept
of what he called “leukosarcoma.” Because in this monograph we are using
this term as a generic one for leukocytic neoplasms, and in a sense that is quite
different from Sternberg’s and that of others, the development of the term is
discussed rather fully here.

Sternberg (1904,* 1905%) separated cases of “lymphatic leukemia” into two
groups: The first showed the usual leukemic features and an infiltration with
small lymphocytes of all those organs which normally contained lymphocytes;
the second, which he termed “leukosarcoma,” also presented lesions of organs
which were ordinarily free of lymphocytes. Many of the lesions were “tumorous,”’
and showed large and often atypical lymphocytes, both in the tumors and in
the blood. The most characteristic of such lesions, according to Sternberg, were
mediastinal and arose either from the thymus or the mediastinal lymph nodes,
spreading among the great vessels and sometimes enveloping the heart. Blood
changes were always present but tended to be minimal, i.e., seen only with careful
study of a well-prepared and stained blood smear. In the second of his first two
papers on the subject,® Sternberg discussed the relation of chloroma to the new
syndrome, realizing that the two conditions might produce very similar appear-
ances. He solved the problem by renaming chloroma as ““chloromyelosarcoma,”
inventing a corresponding “‘chlorolymphosarcoma” and including both among
hix “leukosarcomata.”

The definition of Sternberg’s new disease clearly cut across the lines of that
of several of the leukemias, as well as of Kundrat’s lymphosarcoma. His first
group of cases certainly included some of acute granulocytic leukemia, as he
later acknowledged (1916).* It was in fact questionable from the first if the
condition *‘leukosarcoma” could actually be distinguished from either the leu-
kemias or the lymphosarcomas, and such authors as Naegeli®* and von Domarus?
maintained very soon that this was merely a special type of leukemia. It was
left to Sternberg’s supporters like Paltauf?® to attempt a more precise definition
of “leukosarcoma’ and especially its separation from acute leukemia. In spite of
their efforts, the term began soon to assume a meaning practically synonymous
with lymphosarcoma, and to be applied especially to cases with pronounced
mediastinal involvement (Weber;® Weber and Wolf%). The distinction from
lymphocytic leukemia became gradually less and less clearcut, so much so that
Flashman and Leopold* in 1929 were able to return once more to a classification
which was practically identical with that advanced by Tiirk more than 25 years
earlier. These authors suggested a hierarchy of “lymphoid hyperplasias’ extend-
ing from the most benign group of chronic lymphoeytic leukemias to the most
malignant lymphosarcomata, via an intermediate group of ‘‘leukosarcomata’
which they considered as more or less localized primary and invasive lymphoid
tumors accompanied by a leukemic blood picture. More recently, the term
“leukosarcoma” became increasingly vague, used by some authors (Isaacs)ts
synonymously with “lymphosarcoma’ to designate certain cases of leukemia or
lymphosarcoma in which the peripheral blood showed large, atypical, and defi-
nitely abnormal primitive lymphocytes, usually with indented or peculiarly
shaped nuclei.



