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I V • NEXT WEEK

June 3rd will be the
IIBusiness Meeting" of the year. Today
is the final scientific program for
the year 1937-38. During the past year
the plan of allotting time to depart
ments to present their reports has been
followed. Next week we hope to get
~ expression of your opinion on many
matters. We trust that you will all
be present. Perhaps it is a misnomer
to call it a business meeting as the
executive affairs of the hospital are
conducted by the Administration.

During the past year, including today,
we had 30 meetings and issued 29 Bulle
tins, as one meeting was a IIgood time ll

affair devoted to the showing of the
football pictures of the Golden Gophers.

We will publish the index and surn
mary next week. Anyone desiring back
copies to complete files should leave
his name wi th i-Aiss Gunn, who may be
able to supply the missing links.

Many of our staff members will be
at their last meeting. We are anxious
to secure the list of names of those
who are leaving for other places on
June 30th. In order that those who
have to leave at 1:00 o'clock may pre
sent their views the discussion will
take place at 12.: 15 instee.d of at 12: 30,
as at present. In the me;"ntime try
and recall which type of program you
like best, as we are anxious to get
your reaction on this point.
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v. LEUKEMIA. IN CHILDHOOD

Marguerite Booth
Raymond R. Rembolt

History

In 1845 Bennett proposed the term·
"leucocythemia" and Virchow the term
"LEJUlcl:Unie" to designate the disease now
regarded as leukemia. Two types were
later differentiated and called spleno
myelogenous leukemia and lymphatic leu
kemia. Ehrlich, who introduced the dif
ferential staining of leukocytes in 1891,
distinguished two types of cells: granu
lar leukocytes of bone marrow origin
occurring in splenomyelogenous leukemia,
and nongranular cells of lymphatic origin
noted in lymphatic. leukemia. Naegeli
was the first to recognize and describe
myeloblastic leukemia. In the early part
of this century it was found that leu
kemia affected not only a single organ
but the entire body - and that extramedul
lary metaplasia of myeloid tissue occurs
in both physiol§gic and pathologic con
ditions. Reschad and Schilling-Torgau
described a third common type - monoGy'ic
leukemia - in 1913. Fleischmann in
1915 repArted the second case but be
lieves that it changed to a myeloblastic
leukemia in the terminal stage. Dameshek
and others hold to the theory that this
third type of leukemia does exist.

Definition

Leukemia is a systemic disea~ in
which the normal mechanism for the pro
duction of formed blo,od elements is per
manently impaired, with the appearance
in the peripheral blood of abnormal white
cells. The two most prominent features
are a marked qualitative change in the
leukocytes of the blood, and varying
degrees of glandular and splenic enlarge
ment. Leukocytosis may be so high that
the blood appears to be a grayish red
mixture of pus and blood, separating on
standing into a lower layer ef red cells
and an upper buffy layer of white cells.
In other cases, or in different stages
of the disease, there may be a normal
white count or a leukopenia (aleukemic
phase). The blood picture is character-
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ized by an abnormal number of immature
white cells which have entered the
blood stream from the bone marrow,
lymph glands, or other hematopoietic
tissue before complete development.
The red cells and the platelets are
likewise altered, usually showing a
great diminution in numbers with conse
quent anemia and thrombocytopenic
hemorrhages. In all leukemias there is
marked dysfunction of the hematopoietic
system, particularly of the bone marrow
- which is reflected by the changes in
the circulating blood and by the infil
tration of various tissues with imma
ture cells.

Terminology

Great confusion exists in the
terminology and classification of dis
eases of the blood forming organs.
Recently there has been a tendency to
use the terms leukosis, myelosis, and
lymphadenosis for leukemia, myelogenous
leukemia and lymphogenous leukemia,
respectively. The term leukemia, like
the term anemia, has a strong foothold
in medical literature; although liter
ally both are incorrect. Hodgkin1s
disease, lymphosarcoma and lymphatic
leukemia belong to the lymphoma or
lymphoblastoma group of diseases.
Krumbhaar prefers the name lymphatoid
diseases instead of Mallory's term
lymphoblastoma for various hematopoietic
disturbances.

Leukemia is usually classified on
the basis of whether it is acute or
chronic, leukemic or aleukemic. Sub
leukemic is perhaps a better term than
aleukemic to designate a leukemia
without an increase in the leukocyte
count although there may be any de
gree of qualitative alteration in the
white blood cells. Autopsy in the
human subject or experimental animal
reveals no anatomic b2sis for diViding
the disease into acute or chronic var
ieties or into subleukemia or leukemia.
In many cases a subleukemic blood pic
ture will eventually become a frank
leukemic type. In classifying the
type, the anatomic name of the stain of
cells which play the leading rOle in

the leukemic process is generally com-
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hined with the clinicnl terms - as acute
lymphocytic leukemia, chronic monocytic
leukemia, etc.

In order to indicate the origin of the
.cells involved, some workers designate
the type as myelogenous or lymphogenous.
Others who favor the neoplastic theory
use the nomenclature for neoplastic dis
eases - such as leukemic lymphoblastoma
or myeloblastoma. The origin of the
monocyte is still disputed; hence, mono
cytic leukemia cannot be designated in
terms of the origin of the type cell.
There are many theories as to its origin.
from myeloblasts in the bone marrow,
from lymphoid cells, from primitive mesen
ch~e cells, from fibroblasts, or from
macrophages. Downey believing in the
reticulo-endothelial origin of the mono
cyte has used the term reticulo-endothel
iosis as a synonYm for monocytic leukemia.
Sabin, Dameshek, and others support the
theory of the existence of monocytes as
an independent strain of cells - quite
~part from the histiocyte and having a
separate cycle of maturation~ In recent
years leukemic blood leukocytes have been
studied by tissue culture in an attempt
to determine the origin of the various
cell types involved in the leukemias.
Nothing definite has as yet been found.

Many combinati ons of these vari ous terms
are in use, but one is seldom consistent
in using the same system of terminology
for different types of the disease.
Forkner suggests a simplified classifica
ticm including all types of leukemia,
diViding them first as to acute and
chronic forms, then as to leukemic and
subleukemic varieties. Further separa
tion is made depending on the type of
cell involved in the leukemic process.

Etiology

The cause of leukemia is still un
known. Three different concepts as to
its nature have been advocated - the
neoplastic and infectious having more
weight than the theory of heredity.

1. Theory of Neoplasm

Some obervers claim that the le~
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kemias belong in the group of neoplasti
diseases, with close relationship to
lymphosarcoma, leukosarcoma and
Hodgkin's disease. In 1902 Babes ad
vanced the theory of the neoplasttc
nature of leukemia, which was later
subscribed to by Ewing and others.
Three cases of lymphosarcoma have bee~

reported by ~vans and Leucutia, which
changed into lymphatic leukemia (leuko
sarcoma) as soon ~s the bone marrow
became involved by foci of lymphosar
coma. There are many features in leu
kemia which suggest a relationship to
cancer inasmuch as a type of body cell
appeers to lose its ability to mature.
In this respect it is somewhat sugges
tive of the process which affects the
red blood cells in pernicious anemia.
Some of the neoplastic characters of
the white blood cells in leukemia are:

(1) Uncontrolled growth

(2) Tendency to form secondary
foci of growth (metastasis).

(3) Progress to a fatal termina
tion with cachexia.

(4) Neoplastic type of metabolic
rate of the cells.

(5) Maturation with roentgen ray
irradiation.

(6) Failure to transmit the
disease by inoculation of
human beings with the blood
of affected patients.

(7) Birth of perfectly normal
children by leukemic mothers.

(8) Failure to isolate an infec
tious agent from leukemic
blood or tissues.

The neoplastic theory gains strong
experimental support from the labora
tory work of MacDowell and Richter
and of Furth on the transmissi ble
leukemia of mice. They conclude that
leukemia is transmissible in mice only
when living leukemic cells are inject
ed into a susceptible host, and that
the nature of the resultant growth is
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Clinical
In es i.e:na. t io n

I " Synonyms Depending on Common Usage, o~
General Type Course of Disease or on Clinical or
of Leukemia ICell of Oriein Snecific TYDe of Leukemia Hematolo.s:ic Characteristics

l.Leukemia or
Subleukemic
(Aleukemic)

!Leukemia
(Acute or
\Chronic)

Myelogenous
(arising from
cells of bone
marrow)

Myeloblast

Myeloblast and..
megaloblast

Megakaryoblas t

NEUTROPHILIC Leukemia

Eosinophilocytic Leukemia

Basophilocytic Leukemia

Chloroleukemia
I

IErythroleukemia

I
IMegakaryocyt ic Leukemia

Myelogenous, myeloid, myelocytic or
myeloblastic leukemia; myelosis,

Eosinonhilic leukemia

Basophilic leukemia

Chloroma or chloroleukosarcoma

Leukemia associated w.lth erythremia

Lymphogenous I Lympho-b las t
(aris ing from
cells of lym-
phoid tissue)

LYh~HOCYTIC Leukemia

Leukosarcoma

Lymphogenous, lymphoid, lymphatic or
lymphoblastic leukerrJa; lymphoblastoma
leukaemicum; lymphadenosis.

LylJlphosarcoma associ ated with leukemia

Lymphogenous JPrimitive mesenl' Stem cell leukemia
or myelogenou chyme cell

Plasma cell, I Plasma cell leukemia
myeloblast and
lymphoblast

Hemohistioblast ie, embryonal or
lymphoidocytic leukemia.

Plasmacytoma wi th leukemia or multiplE
myeloma with leukemia.

Disputed Monoblast MONOCYTIC Leukemia Histiocytic leukemia; reticulosis;
reticulo-endotheliosis, reticulum cell
leukemia; reticulosarcoma.

*The common types are given in capital letters.

~
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that of a tumor with or without a leukemic
blood picture.

Furth, Ferris and Reznikoff claim that
leukemia in man is essentially the same
disease as that in mice, and that both
acute and chronic forms, ~eloid as well
as lymphoid, are neoplastic. Experimen
tal evidence shows that the leukemic
blood cells of mice are malignant, with
characteristics of their own, and that
leukemia-like carcinoma can be produced
by various chemical (benzene, indole)
or physical (x-ray) agents. They believe
that lymphosarcoma and lymphoid leukemia
are related diseases. In experimental
lymphoid leukemia in mice, the malignant
blood cells may localize as huge tumors
(lymphosarcomas), or may diffusely invade
the blood-forming tissues but not the
blood stream (aleukemic leukemia), or may
invade the blood stream as a classic
leukemia.

2. Theory of Infection

The theory of the infectious
origin of leukemia is advocated by
clinicians who have noted a similarity
in the clinical and pathologic picture
to that of an infectious process. This
hypothesis is applicabl.e particularly to
acute leukemia with its prostration, in
tOXication, purpura and septic type of
fever. The occurrence of leukemia in
series suggests a mild epidemic character.
Pierce has re~rted 41 cases of leukemia
in children, in which there was a high
incidence of antecedent infection (49%).
Ellermann and Furth have shown that ex
perimental leukemia in fowls is due to
an infectious agent ... by transmitting the
disease by inoculations with cell free
filtrates of blood and organs of leukemic
chicks. In no other animal has the
disease been reproduced without the in
troduction ~f liVing leukemic cells into
the host. This conflict in experimental
evidence makes one doubt whether leukemia
in mice is the same condition as that in
fowls. Many workers still believe that
the acute and the chronic leukemias are
different in character, the acute forms
having much in common wi th infeotions
and the chronic haVing more similarity
to tumors of lymphoid or myeloid tissues.
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A number of investigators have produced
leukemoid blood pictures by inoculating
animals with strept ococcus and staphy
lococcus obtained from the spleen and
lymph nodes of leukemic patients, but
they are not true leukemias.

3. Theo~ pf Hereditl

The concept of the etiology of
leukemia, that a consti tution..-u inferior
ity of the hematopoietic organs predis
poses to an unstable response to infec
tions, is supported by a number of ob
servers. This is suggested by the oc
currence of leukemia in families having
other types of diseases of the blood
forming tissues ... such as anemia,
agranulocytosis, infectious mononucleo
sis, etc. It may be that there is some
factor which regulates the maturation of
the granular cells just as the liver
fraction seems to control erythropoiesi~

One may postulate a deficiency in this
regulatory factor due to a hereditary
tendency to abnormal toxic reaction in
infections, and as a result, a flooding
of the peripheral blood with quantities
of immature blood cells.

Hereditary factors in experimental
animal leukemias are well known. As
regards man, the genetics of leukemia
have not yet been extensively studied.
Ardashnikov investigated thirty-three
family histories and found but three
familial cases. only seventeen authen
tic instances of familial leukemia are
known. The majority of these are of
the lymphatic type. There has been no
recorded case of the disease in both
husband and wife. As a rule, parent
and child, or brothers and sisters are
affected, three cases in one family
being the maximum. Curschmann cites a
case of leukemia in a man whose father
had died of the same disease nearly
fifty years before. These facts are
against the theory of common environ
mental influences including infection,
and they favor the hypothesis that
heredity is an influential factor in
the etiology of leukemia.

pathology
Leukemia is considered as a syste~
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ic disease, beginning as a local process
and spreading throughout the body until
at autopsy there is wide dissemination.
The usual structural changes are those of
hyperplasia of the bone marrow and lymph
nodes associated with variable degrees of
infiltration in the viscera, bones. ,
memnges and skin. The pathologic find-
ings in leukemia are confined chiefly to
the blood and the blood forming organs.
They are much the same in the various
clinical forms and differ from one another
only in degree and in the type of pre
dominating cell found. The marrow, spleen,
and lymphatic tissue show the greatest
and most constant changes. The normal
bright yellow lIfat marrow ll in the shafts
of the long bones is replaced·by a gray
ish pink, firm, homogeneous, markedly
cellular tissue. Small islands of active
erythropoiesis may be left_ Granular
myelocytes and polymorphonuclear leuko
cytes predominate in the myelocytic form,
while in the monocytic and lymphocytic
types, the nongranular mononuclear cells
are most numerous. The lymph nodes and
lymphatic tissue vary greatly in involve
ment, since often most of them are but
slightly enlarged. All involved tissues
show complete obliteration of their nor
mal architecture, the tissue being re
placed by fibrosis and a diffuse mass of
immature cells, either granular or mono
nuclear, which are large with pale stain
ing nuclei and many mitotic figures.

It is said that any organ or tissue
except teeth and nails may be infil tra
ted. In acute leukemia hemorrhages are
common in the skin, mucous and serous
membranes and the ocular fundi. The
spleen is always enlarged, sometimes to
enormous proportions. Its normal shape
is preserved, its consistency firm and
the edges sharp. The pulp and vessels
are crowded with abnormal cells of the
predominating type. The malplghian bodies
are obliterated by myeloid cells in the
myelocytic type, while the pulp is packed
with lymphoid cells in lymphocytic leu
kemia. Cellular infiltration is seen
frequently in the liver, kidneys, pancreas,
and adrenals, and to a less degree in
the skin, nervous system or smooth muscle.
Bony lesions include subperiosteal in
filtration, generalized or localized
osteoporosis, irregular cortical absorp
tion and softening without compression of
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the spine, and fractures in the long
bones which must be differentiated from
hyperparathyroidism, erythroblastic
anemia, and metastases from neuroblas
toma. The skull, spine, pelVic bone
and upper ends of the femora and humeri
are most frequently involved. Falconer
and Leom rd in a series of cases in the
lymphomatoid group of diseases report
the incidence of pulmonary involvement
as follows: Hodgkin's disease, 31%.
lymphosarcoma, 36%; and lymphatic
leukemia, 3~.

Incidence

Leukemia occurs in many animals,
particularly in fowls, and to a less
extent in horses, cattle, dogs, pigs,
rats, and mice. In man the incidence
has been variously estimated as occur
ring in from 1 to 3 cases among every
1000 hospital admissions,. Race, coun
try, occupation and season play no
important role. Leukemia occurs with
varying frequency at any time during
life. Acute leukemia is chiefly a dis
ease of childhood and early adult life,
commencing usually before 25 years of
age. Chronic myelogenous leukemia is
mere frequent in the fourth and fifth
decades, and chronic lymphatic leukemia
in the sixth and seventh decades. It
has been found that about 70% of all
cases are under 30 years of age, and 587
under 20 years. Males are more subject
to leukemia than females - in the pro
portion of 2 to 1. The course of the
disease is identical in the two sexes.
The disproportion in sex incidence does
not apply to younger children up to 5
or 6 years.

Lereboullet and Baize in a review of
113 cases of acute leukemia in children
up to 16 years report a high incidence
in infancy, 25 in the first year and 64
during the first 4 years, which de
creases strikingly with increasing age.
They had several congenital cases. In
Cooke's series of 50 children with
acute leukemia, the age incidence in
boys is about the same up to 15 years,
but the girls show a decrease in the
older age group. In hi s group of 142
cases of leukemia of all ages, the aver
age age of acute leukemia patients is
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less than 20 years. for those with
chronic myelogenous leukemia, 40; and
for those with chronic lymphatic leukemia,
57. Chronic myelogenous leukemia was more
frequent than any other single type during
adult life; in childhood he had only three
cases.

Symptoms

1. Acute Leukemia - with or without
leukocytosis.

The first clinical manifestation
of leukemia is ease of fatigue. Increas
ing pallor soon develops, and it may be
several weeks before a physician is con
sulted for these complaints or for some
other more alarming s;'.Tmptoms. At times
the patient becomes ill with dramatic
suddenness as in an infection with high
fever, chills, vomiting, joint pains,
apathy and lemon yellow pallor, followed
soon by ulcerative stomatitis, multiple
hemorrhages and splenomegaly. There is
individual variation but in most cases
there is an insidious onset with loss of
weight, progressive anemia, weakness,
waxy pallor, skin hemorrhages, fever and
enlarged spleen. These cardinal signs
of leukemia lead one to suspect the diag
nosis, but this must be confirmed by the
hematology or sternal puncture.

The symptoms are protean and, as a
whole, fall into four groups:

(1) Associated with an increase in
the basal metabolic rate (nervousness,
profuse perspiration, loss of weight).

(2) Associated with infiltrated
orgr,ns and glands (pressure symptoms,
arthralgia, stomatitis, cyanosis, cough,
hemoptysis, hematemesis, constipation,
diarrhea, melena, frequency of urina
tion, etc.).

( 3) As sociated with anemi a, thrombo
cytopenia, and myocardial insufficiency
(hemorrhages, dyspnea, palpitation,
edema, fatigue, hemic cardiac murmurs).

(4) Associated with abnormal metabo~'

lism follOWing the gradual progress of
the disease (cacheXia).
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He,Jorrhages are the rule. The most
common sites from the mucous membranes
are the mouth and nose. Severe epistax
is may be the presenting symptom. pur
puric cutaneous lesions occur in multi
ple petechiae or ecchymoses, usually
on the trunk or extremities. There are
often hemorrhages in the gastrointestin
al or urinary tract, in the vagina or
into the joints. Tonsillectomy may
cause fatal bleeding. Retinal hemor
rhages are considered by some clinicians
to be pathognoBonic of leukemia. Swel
ling and ulceration of the gums, cheek,
and tonsils in m~ cases progress to
fOTlli necrotic, gangrenous lesions.
Mediastinal enlargement of the thywic
area may be an early sy!uptom with dysp
nea fron pressure on the trachea.

Hyperplasia of the hematopoietic
organs is almost always present, noted
particularly in the lymph nodes and
spleen. The cervical nodes are gener
ally ~nlarged, sometimes the first
sign to attract attention. The enlarge
ment is usually slight, the nodes being
small, firm, palpable, and discrete.
The a~terior cervical group is more
fraquently involved and may show visibl€

'tumors. In a few cases the submandi
bular glands may attain huge size caus
ing marked cervical deformity. In the
child splenomegaly is more constant thar
in the adult, especially in the younger
group. The spleen is firm, smooth and
somewh~t tender to palpation, in the
majority of cases not reaching the
umbilicus; but occasionally filling morE
than half of the abdomen. The liver is
generally hypertrophied, but to a less
extent than the spleen. Leukemic in
filtration of the stomach has been de
scribed (Rigler), while Raining reports
a case of monocytic leukemia with in
testinal obstruction due to infiltratio'
IDleUIDatoid pain may play a prominent
role and may be the initial chief com
plaint. Continued fever occurs. fre
quently becoming high and septic in
type toward the end of the disease. At
times abdominnl pain simulates appendi
citis; leukemic infiltration and per
foration of the appendix have been not
ed at autopsy.

Schwab and Weiss report 334 cases of
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acute leukemia. 20.5% (f which had
neurologic signs excluding retinal le
sions. Nervous manifestations may assume
the form of facial paralysis. Jacksonian
epilepsy, convulsions, exophthalmos,
meningeal irritation, and deafness. Cere
bral hemorrhage is a most serious compli
cation leading to death in a few hours.
Other symptoms occur, such as profound
anorexia, nausea and vomiting, vertigo,
dyspnea, infiltrating skin nodules (leu
kemia cutis) and sanguineous pericardial
effusion. Due to infiltration of the
kidneys with embryonal cells, there oc
casionally are nephritic symptoms, al
buminuria and hematuria. Common to all
leukemias is an excess of uric acid and
purine bases in the urine, parallel with
intensive destruction of the leukocytes.

2. Chronic ~yelogenous Leukemia

Chronic myelogenous leukemia
is relatively rare in children - usually
occurring in later childhood - but pre
sents essentially the same picture as
in the adult. Ease of fatigue, progres
sive loss of weight and strength, and an
increase in the size of the abdomen due to
the characteristic enormous enlargement
of the spleen are early manifestations.
The spleen is generally not tender but
causes pain in a certain number of cases.
The liver is moderately enlarged. In
contrast to lymphatic leukemia, there is
little gross hypertrophy of the lymph
nodes. Following an insidious onset, the
course is gradual, and there is usually
little discomfort for several weeks or
months. Pains in the extremities are
not uncommon. In the later stages, there
are hemorrhages from the mucous membranes,
rather than into the skin as noted in
acute leukemia, particularly from nose,
gums and rectum. Hemorrhage or leukemic
infiltration may Cause M'ni~re' s syndrome,
if in the labyrinth, dimness of Vision,
if in the retina or optic nerve, or
exophthalmos, if in the orbit. A marked
rise in the basal metabolism is found. up
to 40-50% of the normal. Febrile attacks
occur but the elevation of temperature
is not as high as in acute leukemia.
Among the later symptoms are anemia,
dyspnea, abdominal distress, edema,
ascites, and occasional priapism. Skin
lesions are much less frequent in myelog-
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enous leukemia.

3. Chronic Lymphatic Leukemia

Chronic lymphatic leukemia
does not occur in childhood. It is
much less common than the myelogenous
variety. The general symptoms closely
resemble those of myelogenous leukemia
and only examination of the blood can
differentiate them. The most conspic~

ous feature is enlargement of the lymph
nodes, cerVical, axillary, inguinal, and
mediastinal; these are firm, discrete.
noninflammatory, and painless. The
spleen and liver are not as large as in
myelogenous leukemia. Hypertrophied
tonsils may be an early symptom associa
ted with weakness and anorexia. Leuke
mides ~~d specific cutaneous lesions
(leukemia cutis) are frequent. In the
terminal stage one sees cardio-respira
tory and digestive symptoms with pro
found anemia..

4. Monocytic Leukemia

Since Dameshek reviewed the
literature and reported 10 cases of
monocytic leukemia in 1930, others have
increased the list. Recently Klumpp
and Evans added 8, and1n 1937, Osgood
described 6 new cases, making also an
analysis of 127 preViously reported~

These workers believe monocytic leukemir
is a relatively common condition.
Rosenthal found only zfo in 455 cases,
while Doan, using his m6re sensitive
supravital staining technique, estimater
it as 15% in his series of 75 cases of
leukemia. The general opinion preVails
that the incidence of each type of leu
kemia is approximately that of the par
ticular cell types in the normal differ
ential count from a blood smear: an
average of 66% myelogenous leukemia,
25% lymphatic, and 5% monocytic.

Monocytic leukemia is an aaute type
with a short clinical course ranging fro'
1 month to 2 years. It differs little
clinically from the other acute leuke
mias except in age limi ts. The ages
reported have been from 1 to 28 years.
the majority around 40 years. It is
characterized by an abrupt onset of ora)
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s~wptoms in 60% of the cases, marked ten
dency to swelling of the gums, and the
frequent association of stomatitis, fever,
and hemorrhages from the mucous membranes.
The liver and spleen are usually enlarged,
but the lymph nodes are less involved than
in the other type of leukemia. Progres
sive pallor and weakness are parallel to
the degree of anemia and thrombocytopenia
with its hemorrhagic diathesis. Other
syoptoms, less frequent but definitely
related to the disease, are pain in bones
and joints, cutaneous papules and nodules,
and monocytic infiltrative tumors.
Secondary staphylococcus infection of the
skin with furunculosis and carbuncles is
not uncommon. The course of this disease
is progressively downward. Osgood sug
gests that the term monocytic leukemia be
used in preference to reticulosis or
reticulo-endotheliosis.

Chloroma or chloroleukemia,
at first thought to be a distinct disease,
is now considered a modified form of
leukemia. It is a disease with localized
tumor masses of greenish color, always
associated with myelogenous leukemia. All
the characteristic findings of leukemia
are present: syillptoms, blood picture, and
infiltration of organs, and in addition,
the local tumor-like infiltration. These
multiple tumors have a predilection for
periosteum and dura, the skull bones 
especially the orbits, being most frequent
ly involved. pressure symptoms from the
mechanical effect of the tumors are in
evidence. The green pigment in the tumors
is apparently a lipochrome and contains
iron. Kandel has reviewed 175 cases found
in the literature and leported three more.
Congenital leukemia is a rare occurrence.
Only 30 known cases of leukemia compli
cated by pregnancy have been found. Re
cent cases during pregnancy are described
by Mehta and by Erf anf Fine. Abt cites
six cases in the newborn period, one of
which was in a stillborn irSant in the
seventh month of gestation. Leukemia,
however, is not transmitted from mother
to child, leukemic mother having given
birth to normal children. In no authentic
case has leukemia been found in the off
spring of leukemic mothers. Leukemia in
the neonatal period must be differentiated
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from erythroblastosis neonatorum and
congenital syphilis. Plasma cell
leultemia is reported occasionallY 
associated often with multiple myeloma.
Plasma cells resemble other leukocytes
in potentialities for leukocytosis,
infiltration, tumor formation, and
leukemic infiltration. Stem cell
leukemia is a term applied when very
immature cells predominate. Lymphosar
coma associated with leukemia is known
as leukosarcoma. Erythroleukemia is a
rare type of leukemia accompanied by
polycythemia. Many observers believe
that leukemia and polycythemia rubra
vera are closely related, the latter
sometimes changing into a leukemia.

Blood Picture

1. Acute Leukemia

The morphologic character
istics of the blood picture of acute
leukemia are:

(1) Abnormal nongranular mono
nuclear cells - 80-95% of leukocytes
regardless of total count (leukocyto
sis or leukopenia).

(2) Agranulocytosis, granular
cells only 1-15% of white cell count:
~elocytes, immature neutrophilic
polymorphonuclear cells (juvenile and
staff type) and segmented cells.

(3) Anemia with frequent red
counts of 1,000,000 and a hemoglobin
content of 2CJ1,. Anemia usually
secondary in type, but may resemble
pernicious anemia, especially when
there is leukopenia. Occasionally,
normoblasts, megaloblasts and reti
culocytes during rare temporary remis
sion.

(4) Thrombocytopenia, below
150,000, and often below 100,000, with
prolonged bleeding time, normal clot
ting time and poor retraction of clot.

The number of circulating leukocytes
is greatly variable during the course
of the disease and in different patient
ranging from 250 to 1,000,000 per c.mm.
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the average being from 20,000 to 200,000.
In a few days' time the count may drop
from 100,000 to 6,000, or suddenly rise
to that extent in another case. There may
be normal white cell counts or the so-

called aleukemic leukemia (wi th leukopenia)
ma;y have counts less than 5000 for long
periods. These leukemias constitute a
diagnostic problem. but the stained blood
smear sooner or later will show the typi
cal abnormal nongranular cells. These
stem cells or undifferentiated cells are
large, round or oval elements, having a
large, irregular, eccentric nucleus with
a narrcw border of hyaline protoplasm.
Stained by the Giemsa method, the nucleus
is pale violet with a fine chromatic
structure and contains vacuoles and a
deeper stained nucleolus, while the cyto
plasm is deep azure. There has been con
sidera~le controversy concerning these
abnormal agranulocytes - whether they
originate in the lymphatic tissue and
are lymphoid in origin or whether they
come from the bone marrow and are there
fore myeloid. The peroxidase reaction is
not successful in identifying myeloid
cells by the presence of granules since
the true myeloblasts, like the lymphocytic
series, are peroxidase negative. These
nongranular leukemic cells show an in
crease in protease, as do the myelocyte
and polymorphonuclear leukocyte, while
lymphoid cells do not possess this pro
teolytic activity. This fact leads one
to believe that these stem cells are
myelogenous in origin.

2. Chronic ~ogenous Leukemia

(1) Leukocytosis of 40,000
500,000, usually ~ver 200,000.

(2) Predominant cell - mature
polymorphonuclear leukocyte - with
10-30% myelocytes. and 10-25% juvenile
and staff cellse 95-99% of white blood
cells are of myeloid origin. Eosino
philia occasionally 50-80% (" eosinophilic
leukemia") •

(3) Anemia moderate at first
(red blood count - 2,500,000 - 3,000,000),
more marked in later stages and improved
during spontaneous or therapeutic re
missions.

366

(4) Platelets usually increase

(5) Peroxidase test positive
only for myelocytes up to mature poly
morphonuclears.

(6) Indophenol blue (synthesis
test positive - Kracke).

(7) Increase in protease.

There is no other disease in
which so many different types of cells
are seen in the blood smear.

3. Chronic Lymphatic Leukemia

(1) Leukocytosis of 40,000
500,000, usually over 100,000.

(2) Extreme lymphocytosis
with 90-99% small lymphocytes. Smudge
forms constant.

(3) Anemia less marked than
in other types - red blood count may
be normal in early stage.

(4) Thrombocytopenia marked.

(5) Peroxidase test negative.

(6) Indophenol blue synthesis
test negative.

(7) No protease.

4. Monocytic Leukemia

(1) Leukocytosis usually up
to 320,000 but white blood count may
go as low as 600.

(2) Predominant cell
(50-75%) monocyte and promonocyte.

(3) Red blood count markedly
decreased in terminal stages.

(4) Thrombocytopenia toward
the end.

(5) Indophenol blue synthesis
test negative.
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(6) Peroxidase test positive.

There seems to be an association be
tween the degree of monocytosis and the
duration of the illness. In the fulminat
ing cases, the number of monocytes in the
peripheral blood is great, or else rapid
ly increases to high levels, while in the
slOWly pr~gressing cases, the absolute
number of monocytes is only moderately
elevated.

Diagnosis

It is difficult to separate the acute
or chronic leukoses on a clinical basis.
Although usually associated with spleno
megaly or lymphadenopathy from which the
diagnosis is su~ected, leukemia cannot
be differentiated until a hematologic
examination is made. The diagnosis of
leukemia can usually be made from the
blood count and, what is more significant,
from the blood smear. Until recently
leukemia was regarded as a disorder
characterized by a persistent increase
in the number of white blood cells. AC
cording to the present conception of the
disease and the recognition of subleu
kemic states, an increase in the number
of white cells is not an essential diag
nostic factor. The most reliable cri
terion for the diagnosis of any leukemia
is a preponderance of immature cells
regardless of the total number. The
difficulty in diagnosis is due to the
many variations that may occur both in
the clinical picture and in the labora
tory observations.

Without a careful blood examination,
leukemia may readily be mistaken for
other conditions because of the initial
symptoms in mouth and thro£!.t, fever and
hemorrhagic tendency. These lead one
to think of diphtheria, ulcerative
stomatitis, scurvy, Purpura hemorrhagica,
and e~docarditis. When leukocytosis is
preeent, as in the majority of cases,
leukemia may come first to mind. Leu
kopenia, however, may mark the entire
course of the disease, or be present in
certain phases. Abt has listed two
groups of differentiation in leukemia in
childhood.

36'7

Group 1. Differentiation When
Leukocytosis is Present

A. Nonleukemic conditions
simulating leukemia.

1. Pertussis.
2. Pneumonia.
3. Sepsis.
4. Von Jaksch's pseudoleukemic

anemia.
5. Oooley's Mediterranean

erythroblastic anemia.
6. Infectious mononucl~osis.

'7. Mediastinal tumor 'thymoma
or lyophosarcoma). .

8. Niemann-PiCk's essential
lipoid histiocytosis,

B. Leukemia simulating other
conetitions.

1. Simulating mediastina~

tu.mor.
2. Simulating rheumatism.
3. Simulating diarrhea.
4. Simulating parotivis.

(Mickulicz' disease).

Group 2. Differentiation When
Leukopenia is Present

A. Nonleukemic Oonditions
Simulating Leukemia.

1. Sepsis with leukopenia.
2. Agranulocytosis.
3. Gaucher's disease.
4. Aplastic anemia.
5. Malaria.
6. Nonlipoid splenohepato

megaly; Letterer-Siwets
disease.

B. Aleukemic leukemia simulating
other conditions.

1. Simulatir~ sepsis.
2. Simulating appendicitis.
3. Simulating aplastic anemia.

After careful weighing of the clinicE;
findings and of the blood picture, diag
nosis may still be uncertain. Roent
genograms may be of material assistance
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The criteria for diagnosis of
leukemia from a sternal puncture are
as folloTTs:

nique is more complicated, and there is
the possibility of postoperative hemor
rhage.

Leukemia should be differentiated
from the various conditions associated
with localized or generalized lymph
adenopathy. Lymphocytic leukemia
is in many ways similar to Hodgkin's
disease and lymphosarcoma. but the
blood picture generally is sufficient
to differentiate it. Hodgkin's dis
ease more prevalent in the seCond and
third decades produces progressive
painless enlargement of a group of nodes
which remain firm, discrete and free
from suppuration and adhesions. Lympho···
sarcoma, occurring in the age limits
from 25-55 years, may involve any lym-o

_10-20%
2-4%

< 70,000/
c.rom•.

Nucleated cells in
normal bone marrow

Suggestive of myelogenous
leukemia -

premyelocytes
or myeloblasts

Splenic puncture is seldom used as
a diagnostic tool. Weil believes that
it should be done more frequently, the
chief contraindication being a hemor
rhagic tendency. It is done with a
needle under local anesthesia; splenic
pulp is aspirated and spread on slides
for staining. The splenogram gives
much the same picture that the marrow
puncture does. It may be a guiq,e to
prognosis and treatment, more than 20%
of primitive cells indicating a grave
outlook and therapy not indicated~

Splenic puncture is not without risk,
there being a 1% mortality from post
operative hemorrhage.

2. Myelogenous leukemia 
premyelocytes
or myeloblasts

1. Lymphatic leukemia 
lymphocytes

or large lymphocytes

Of major importance in the diagnosis
of leukemia is the sternal puncture.
Simultaneous studies of 'he bone marrow
and the circulating blood in living sub
jects is a relatively recently developed
diagnostic procedure. The peripheral blood
often fails to furnish accurate informa
tion concerning underlying abnormalities
in the blood forming organs. Changes at
the sourees of blood cells are probably
visible earlier than in the blood, and
distinguishing characteristics of differ
ent pathologic states may be seen in the
bone marrow. Kingery has published a re
port of 15 ambiguous cases in which ster
nal puncture has furnished information of
noteworthy diagnostic accuracy - which
blood examination or biopsy of a node was
unable to give. They describe their
technique with a spinal needle. It is
simple, applicable to ambulatory patients,
and free from unpleasant symptoms or
sequelae. The positive value of sternal
puncture is in the various types of leu
kemia, while its negative value is in
Hodgkin's disease and lymphosarcoma,
Dameshek~s sternal method is the trephining
technique and while the hematopoietic
pattern can be better identified" the tech-

where there are bone lesions. Prominent
signs of some leukemias may be pain in the
long bones as in osteomyelitis; pain
around joints resembling acute rheumatic
fever; periosteal reactions as in scurvy
or luetic periostitis: spontaneous frac
tures in local osteolytic processes;
bulky tumors of single bones; chlcroma;
or osteolytic lesions. as in multiple
myeloma. One case of unusual interest
was reported by Clark, in which the roent
genogram revealed a marked disturbance in
the calcium content of the bones of the
entire skeleton, particularly in the pelvis
and femora. The blood calcium was found to
be 19.3 mg./IOO ce.. and persisted at high
levels until the end. Thia was attributed
to leukemic infiltration of the parathy
roid gland. Biopsy of an enlarged lymph
node maY assist in the differentiation but
it is often impossible to tell from a
histologic preparation of a lymph node
alone whether one is dealing wi th a leu
kemia, lymphosarcoma. leukosarcoma, or
Hodgkin's disease. The architecture is
destroyed by an invasion of small lympho
cytes so that biopsy gives no clear pic
ture of any certain disease.
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phoid tissue. Accessible involved nodes
show unilateral or unequal disturbances,
almost bony hardness, ear4r fusion between
nodes, and adhesions to adjacent tissues.
The nodes are not tender and do not sup
purate, but they cause serious pressure
symptoms. Tuberculous cervical adenopathy
is characterized by inflammatory reaction
with tenderness, edema, suppuration, fusion
of nodes, and adhesions to the skin and
underlying tissues. Mikulicz' disease is
a disease with chronic; symmetrical, pain
less enlargement of the lacrimal and
salivary glands - which is not leukemic.

A number of diseases have been mention
ed with leukemoid blood pictures but with
out tissue changes. Others that may be
included are smallpox, chronic infection,
such as tuberculosis, hemolytic icterus,
polycythemia vera, during anemic phase,
pernicious anemia, Banti's disease, active
regeneration following anemia or severe
hemorrhage, certain chemical poisoning 
as arsenic, or mustard-gas or mercury,
and malignant tumors of the lymphoid system.
With regard to the latter, it may be said
that in true leukemia, there is a disturb
ance of all the elements of the blood 
while in blood dyscrasias based on tumors
of the lymphoid system, tumor cells are
present but the rest of the cellular ele
ments are not affected.

Acute leukemia m~ be confused wi th
acute benign lymphadenosis or infectious
mononucleosis. Both are diseases of
childhood or young adults. Both are
characterized clinically by a sudden on
set, high fever, generalized adenopathy
and acute pharyngitis and tonsilli tis.
The blood count reveals a relative and
absolute lymphocytosis. In 1923 Downey
and McKinlay reported nine cases of benign
lymphadenosis with criteria for differ
entiating it from leukemia and for
separating the various types of the atypi
cal lymphocytes found in the blood. They
are described as highly differentiated,
mature, 1I1eukocytoidll lymphocytes.
Paul and Bunnell in 1932 found that the
heterophile antibody reaction is positive
in infectious mononucleosis and negative
in other lymphadenopathies. Weinstein
and Fitz-Hugh confirmed this in 16 cases
of leukemia in which the heterophile anti
body titer was uniformly at a low level.
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Therapy

Marked improvement in the clinical
condition of the leukemic patient
with decrease in organ enlargement and
reversal of the blood status toward the
normal may occur in three ways. It
m~y come about spontaneously without
apparent Cause; it may result from in
tercurrent acute infection; or it may
follow therapeutic effort, particularly
x-ray irradiation.

Clinicians have noted for a long
time that intercurrent infections dur
ing the course of leukemia are associa
ted wi th a decrease in the number of
leukocytes. In the last decade arti
ficial production of fever by malarial
inoculations has been studied with
variable reports as to the effective
response. In most of the cases the
fall in the white blood cells was quite
transitory.

The medi9al literature abounds in
suggestions regarding effective medicin
al measures. Leukocytolysis, or re
duction in the number of white blood
cells, may be accomplished by several
methods: chemical, biologic, or physi
cal. Numerous remedies were tried for
leukemia before irradiation. Since the
etiology is etill obscure, no specific
remedy is known, and the treatment is
essentially symptomatic. The chief
purpose is to produce:

(1) Improvement of general condi
tion by rest, diet, and sedatives.

(2) Increase of strength and
efficiency by blood transfusions and
roentgenotherapy.

.Among the many therapeutic sub
stances that have been advocated are
lead, a.rsenic, antimony, sulphur,
iodine, benzol, quinine. malarial
inoculations, liver extract, ventricu
lin, embryonic extract (fetal liver),
tuberculin, and nuclein. Many of these
are toxic ana their use entails con
siderable risk; few of them afford much
palliation.



•I

J '

!

,
J

1. Chemical

Before'the advent of the roent
gen rays the method of treatment in most
co~on use was with arsenic in the form
of Fowler's solution. After the general
employment of irradiation, arsenic fell
into relative disuse, but recently atten
tion has once more been called to its
value in chronic myelogenous leukemia by
Forkner. It has practically no influence
in chronic lymphatic leukemia. In 1936
Stephens and Lawrence reported 7 cases of
chronic myelogenous leukemia treated with
prolonged courses of potassium arsenite.
To be effective, the drug should be given
in rapidly increasing doses until toxic
symptoms appear, then continued in amounts
as large as can be tolerated, a regime
which can be maintained for over a year
wi thout serious reactions. They conclude
that ~senic is an efficient palliative,
especially when accompanying or alter
nating with radiotherapy. Kandel and
LeRoy also find that arsenic therapy and
x-ray treatment are not antagonistic,
and that a remission of the leukocytosis
may be induced with arsenic as soon as
the postirradiation decline of the leuko
cyte count ceases. The toxic reactions
of inorganic arsenic are either trans
ient, mild symptoms (conjunctivitis,
coryza, nausea, diarrhea) or the more
serious complications: polyneuritis,
cirrhosis of the liver with ascites, or
cutaneous pigmentation and painful plantar
and palmar hyperkeratoses. Organic ar
senicals (arsphenamine) are more dangerous
and have produced little improvement in
the 1eukocyt e count.

Benzol has had a somewhat similar
history as arsenic, but has not regained
its early favor. Von Koranyi (1912)
introduced this drug in the treatment of
leukemia. It is ingested in large doses
in capsules. Improvement of the general
condition is dependent upon reduction in
the excessive number of leukocytes. Its
administration must be discontinued if
the red cells decrease to below 2,000,000.
Benzol is contraindicated in albuminuria,
in anemia, in toxic effects on the liver
and kidneys, and in hemorrhages due to
thrombopeni-a. Its effects are less
easily controlled than arsenic, and
aplasia of the red bone marrow is a
theoretic, if not an actual danger. Ant i-
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mony and other drugs have produced simil
ar remissions, Vut their employment has
been disappointing and far inferior to
irradiation for that purpose.

2. Biologic Method

Leukocytolytic substances
have been demonstrated in leukemia. An
antileukocytic serum produced from
leukemic wh!te blood cells has been used
in cases of leukemia but the beneficial
response was only transitory.

3. Physical Method

Radiotherapy, although not
curative, is undoubtedly of the greatest
therapeutic value in chronic myelogenous
and chronic lymphatic leukemia.' Irra
diation is slightly more efficacious
in relief of symptoms in the myelogenous
variety. It is generally conceded that
radiation therapy is without symptomatic
effect in the acute cases, the disease
progressing toward the fatal end at a
speedy pace. Because roentgen irradia
tion, even in small doses, has been
followed by an increase in toxicity and
rapid death, its use is contraindicated
in acute leukemia. Rosenthal and Har
ris, however, disagree with this ver
dict. Since the roentgen ray was first
tried in leukemia by Senn in 1903, it
has been used wi th increasing and justi
fiable popularity.

Radium. in the form of surface appli
cation or packs, was first used only
when deep x-ray therapy was not avail
able - or in patients unable to be moved
from their homes. Although large quan
tities of radium are required and it
presents difficulties in application, in
recent years, it has become more widely
used. Leucutia reports good results
wi th radium packs in leukemia. Fricke
(1928) showed definite and impressive
palliation with radium therapy in 157
patients, and this year Fricke and
Watkins present 16 cases of unusual bor
derline types of leukemia, many with
leukopenia. They believe that radium
is the most satisfactory therapeutic
agent in these obscure cases with low
leukocyte counts. Roentgenotherapy
covers a larger portal and the effect of
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the treatment is usually too sudden and
drastic. The best results are obtained
in leukopenia with very cautious and
well controlled radium.

Roentgenotherapy is at the present time
accepted by the majority of clinicians as
the therapeutic method of choice in the
treatment of Chronic forms of leukemia in
producing temporary remissions which may
persist for some months or even years.
No definite plan of treatment can be out
lined in advance; the patient must be
considered as an individual, and the ther
apy given according to his response. The
marked radiosensitivity of leukemic tissue,
particularly in children, and the labili ty
of the blood count necessitate extreme
caution. Since leukemia is incurable and
palliative radiation must be continued
for long periods, marked reactions should
be avoi~ed and the radiation must be the
smallest amount that will produce,beneficial
results. Small fractional treatments are
tolerated better than larger ones. The
size of the dose and intervals between
radiations must be determined by the pa
tient's condition and a careful check of
the blood count. It is unnecessary, even
harmful, to attempt to reduce the leuko
cytes to normal or below normal. Sympto
matic relief and general improvement may
be accomplished with ,the white cell count
around 10,000-30, 000. There is always the
hazard of a secondary aplastic anemia.
Too.heavy dosage may precipitate the same
condition observed in the terminal stage of
the disease when anemia and thrombopenia
become the dominant features., .A. sudden
drop in the leukocyte count may be followed
by a clinical agtravation or even by
cachexia.

Further treatment 1s guided by the
activity of the leukemia, controlled by
periodic blood examinatio~ and a strict
surveillance of the po.ti ent 's general
condition. Anemia is no contraindication.
As soon as ther~ is a change in the blood
count, quantitative or qualitative, an
increase in the mediastinal shadow, a
recurrence in the enlargement of spleen
or lymph nodes, a rise in the basal
metabolic rate or deterioration in the
physical state, irradiation is repeated.
A number of remissions may be produced in
this manner, but gradually the therapy
becomes less effective, and as the disease
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progresses, it shows complete resist
ance to any form of therapy.

There is virtual chaos concerning
the technique of irradiation~ The
areas to be irradiated are a subject
of controversy. Leucutia in a review
of 2725 cases and personal observation
of 129 has concluded that, in view of
the fact that palliation is all that
can be produced and that some effect
may be expected from every radiation,
the technique is not of such per amount
importance. There have been good re
sults claimed from medium penetrating
rays with layer doses, from harder
rays with smaller fractionated doses,
and from radium packs, whether irra
diation is made over spleen, lymphatic
system, in lymphatic leukemia, long
'bones in IIWelogenous leukemia, great
vessels of the chest, bones of the
thorax, kidneys, entire trunk, or
even the entire body in the form of
teleroentgenotherapy. David believes
that the therapeuU'c agent should di
rectly attack the centers of cell pro
liferation and advocates first treatine
the bone marrow (vertebrae, ribs,
scapula, sternum and long tubular
bones) - later applying roentgen rays
to the spleen and peripheral glands.

Craver prefers the Heublein method
of prolonged low intensity irradiation
of the whole body - over a period of
2-30 days in a ward where the entire
bodies of four patients can be irrad
iated simultaneously with the tube at
some dist~e. Treatment is given for
16-20 hours' daily. Enlarged spleens
in IIWelogenous leukemia should be
irradiated locally preliminary to
teleroentgenothere.py. Langer, who em
phasizes the importance of the vege
tative nervous system in the produc
tion of leukemia and related diseases,
recommends roentgen treatment over
the vegetative nervous system with
small fields instead of using te1e
roentgenotherapy.

The leukemic patient should receive
supportive treatment of various kinds.
His feeling of well being depends to
a large extent upon the state of the
red cells and hemoglobin. Results of
x-ray therapy have greatly improved
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since massive doses of iron have been
administered throughout the course of the
illness. In marked anemia and tendency
to hemorrhage multiple transfusions are
indicated for temporary amelioration, but
they have no effect on the circulating
leukocytes or in altering the course of
the disease. Liver extracts, ventriculin
and various extracts of spleen have been
used with but minimal response. Nucleo
tide, which has a favorable effect in
stimulating the production ef granular
leukocytes in certain types of agranulo
cytosis has been of no value in the treat
ment of subleukemic leukemia.

lsraels in 1935 studied the effect of
Lugol's solution in chronic lymphatic
leukemia. A1 though in sone cases the
iodine caused a reduction in the white
cell count, the failure ef symptomatic
relief, the lack of improvement in the
anemia when present and the uninterrupted
course of the condition suggest that the
leukemic process itself was unaffected.
Isaacs believes that Lug01 IS solution has
a definite effect, especially in chronic
lymphatic leukemia, in relieving some of
the symptoms associated with a high basal
metabolic rate.

Operative procedures are contraindicated
because of the low resistance to infec
tion and the bleeding tendenoy. A rapid
exodus is apt to follow dental extraction
for removal of foci of infection. Tonsil
lectomy and splenectomy are of no value,
and even hasten the fatal termination,
especially in acute leukemia.

Prognosis

Acute leukemia is invariably fatal in
a few weeks or months, all treatment being
of no avail in affecting the rapid course
of the disease. ~though the ultimate
prognosis in chronic leukemia is bad, and
no instance has been reported of recovery
in a case in which the diagnosis of le~

kemia was unquestioned, therapy such as
arsenic or radiation therapy, maY produce
temporary remissions for many months or
years. Forkner (1937) has reviewed the
subject of spontaneous remissions and
reported cures of leukemia. One remark
able feature of leukemia is the great
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variation in the length of its course.
It may be fulminating or greatly pro
longed and relatively benign. Occasion
ally myelogenous leukemia lasts for
10 years or more, but a long course is
more common in lymphatic leukemia.
Treatment cannot extend the clinical
course of chronic leukemia beyond a
certain limited period, but it vastly
improves the quality of life remaining
to the patient and promotes his activi
ty and happiness. The improvement in
the general condition after course of
x-raYs is usually 'dramatic. The dis
ease, however, always proceeds, by
exacerbations and remissions to a
fatal termination. The immediate prog
nosis may be estimated with some
accuracy by observing the effects of
treatment on the hemoglobin and red
blood cells, A steady rise gives a
good immediate prognosis, while a fall
indicates the probability of an early
fatal issue.

Nathanson and Welch (1937) in a
report on life expectancy and incidence
of malignant disease estimate that 50%
of the patients with acute leukemia are
dead in 2 months, 7ffJj, in 6 months, and
the remainder within a year. The aver
age survival in chronic lymphatic
leukemia is 3.45 years. In 96 cases of
acute and chronic lymphatic leukemia,
only 18% were living five years after
onset. In 141 cases of acute and
chronic myelogenous leukemia, 22% were
living after a five year period.
Isaacs also has found that the average
duration of life in chronic leukemia
is about ~ years. Leucutia claims
that radiation therapy increases the
expectation of life very little, per
haps with about 1/4 to 1/3 of the usual
duration without treatment. It is
said,however, that the patient's work
ing efficiency is increased at least
60% throughout the entire course of
the disease as a result of radiation
therapy.
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,r 373, ANALYSIS OF LEUKEMIA ON .TIm PEDIATRIC
SERVICE IN THE UNIVERSITY ..QE MINNESOTA
HOSPITALS - 1922 to MAY 23. 1938

The following analysis includes all
aVailable case records of leukemia up to
the age of 16 years. admitted to the
Pediatric Service in the Minnesota Univer
sity Hospitals from January 1. 1922 to
May 23, 1938. No records are obtainable
for the years 1925-1928. In some in
stances comparison is mede with similar
studies of other observers.

Classification

The cases reviewed in this series fall
into the following classification. Diag
nosis was established in 58% of the cases
by autopsy findings.

.rear No. or
Cases

--.

1922 1
1923 1
1924 0
1925 )
1926 ) no records available
1927)
1928 1
1929 2
1930 2 i
1931 2 I

I

1932 1
,

1933 5
1934 3
1935 7
1936 9 !

1937 8
I

1-1-38 to 5-23-38 3 !
I
I

Total 45 i

In the following table, the
number of cases per year which are in
cluded in this survey are shown.

35 78%

6 13%

Number Per Cent
of of Total

Cases Number The age and sex incidence
was similar for all types of leukemia.
The following table represents these
findings in this series.

.No.
,
I
I

Age-Years No. Males Females ToteN

1 4 Io - 1 3 I
1 - 2 1 - 1 I
2 - 3 3 1 4 i
3 - 4 3 3 6 i

4 - 5 3 1 4 i

5
,

5 - 6 3 2
6 - 7 2 - 2
7 - 8 1 1 2 :

8 - 9 2 1 3 ;
:

9 - 10 1 1 2 I10 - 11 2 - 2 I

11 - 12 1 2 3 !
12 - 13 - 1 1

i13 - 14 2 1 3
I

14 - 15 1 - 1 I15 - 16 2 0 2

Totals 30 15 45
'.

4.5%

~
100:%

__2
45

2

a. Yearly incidence

Atypical

Etiology .

MYelogenous (NEU~ROPHILIC)
a. Acute 2 cases
b. Chronic 4 cases

Reticulo-endotheliosis
(MONOCYTIC)
a. Reticulo-

sarcoma 1 case
b. Leukemic

Reticule
Endothe1iosis 1 case

Acute Lymphatic Leukemia
(LYMPHOCYTIC)

J

f
!
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Diagnosis

Youngest case - A.typical Leukemia
Oldest case - Leukemic Reticulo-endotheliosis

Average age for entire group
Percentage of cases under 6 years

30 cases occurred in males c>nd 15 in females (ratio 2:1).

2 months
l~ years

6.4 years
53.3~

A. comparison of our findings regarding age incidence of the entire group is
made with that of P. Lereboullet and P. Baize.
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c. Predisposing factors (questionable)

(1) Family history.
The family history was

reported in 43 of the 45 cases. There
was no blood dyscrasia in the family re
ported in any case with one exception.
In that case a second cousin to the pa
tient was reported to have had an illness
at the age of 2 years during which time
the abdomen became very large, bluish
green spots developed over the body, and
he died after 2 months. It is true, how
ever, that family history records of this

group were not detailf~d in many in
stances.· Therefore, these results may
be of questionable significance.

(2) Previous infectious
diseases

12 cases (27%) of the
group had the histery of an infectious
process shortly preceding the onset of
the first manifestation. The follow
ing table presents these findings.
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~ of Infection No. of
Cases

Pneumonia 4
Pertussis 3
Otitis Media 3
Axillary Abscess 1

IPyuria 1
Upper Respiratory Infection 1,
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~tomatology

a. Initial Manifestations.

The relative frequency in oc
currence of various initial manifesta
tions is indicated below. Comparison is
made with the results of a corresponding
study of 50 cases of acute leukemia
reported by J. V, Cooke.

I
1

f
t
r
I,
t,
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Cooke's tJ. of M. Hospi t~ Series !

Series Lymphatic Leukemia . All Cases
symptoms Number Number Number

of Cases iPercentR2'e of Cases PercentMe of Cases Percentaa:e
I I

Asthenia I I ~
i

) 17 ) 34% 2 5.7% 4
,

I IPallor ) \ 16 45.7% 16 36%J I I I
I

Rheumatoid pains 5 10% 5 I
14 % I 8 18<% It ICervical Glandular i !

Enlargement 18% I 11 % I 5 ll~
!9 4 ,

Large abdomen 1 Z% 1 I 2.9% 3 7'10 I, I

Skin hemorrhages 7 14% 2 I 6 cl6 3 ?% i

% 4'~
i

Localized swelling 2 I 6 2
Cough-dyspnea 5 10% 1 I 2.9% 2 4%
Anorexia 1 I 2.9% 1 ';f./o
Abdominal pain 2 4% 1 I 2.%

I
1 2%

stomatitis 2 4% I I

i I iNeuropathic symptoms 2 I 4% ! iI I I II

50 cases 35 cases I 45 cases :
I

Symptomatology

b. Onset.
The following figures indi-

cate as nearly as possible the period
of time elapsing between onset of the
first symptom and hospital admission.

(

j.
j
!
I
1
\

1
1
I
I
!
~,

Number Shortest Longest Average
Diagnosis of Cases Period PAriod Period

DayS Davs Dp.vs

Acute Lymphatic (LYlv'l.PHOCYTIC) 35 4 210 60
Myelogenous (NEUTROPHILIC)
a. Acute 2 21 42 31.5
b. Chronic 4 21 821 293

~eticuloendotheliosis (MONOCYTIC) 2 6 35 20.5

Atypical 2 16 60 38

Entire Series 45 4 821 76.8
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f c. Clinical Symptoms previous to
hospital admission.

Since the general symptoms
of all v~rieties of leukemia are very much

376

alike. the following analysis is of the
entire series. Only those manifestD
tions specifically stated in the history
as being present are tabulated.

j
r -;

r,
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I
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i A,nalysi s of Symptoms Cases in which Present Percentnge of
Occurrence

Asthenia 37 82% I
Pallor 29 64% IIAnorexia 24* 53%
Fever 16** 36%--Large e.bdomen 16*** 36%
Rheumatoid pains 16 36%
Skin hemorrhages 13 29%
Epistaxis 12 27%
Cervical gland enlargement 12 27~

I Cough - dyspnea 12 27%
I General gland enlargement 10 2z1h
I Abdominal pain 8 18'h
j Stomati tis 6 13%IBuccal bleeding 5 ll~

I Subcuta.."l.eous tumors 1 2?,1,
Enlarged tonsil s 1 2SS

IPyuria 1 z1,
; Localized swelling 1 ')$'

vij

i

* 16 had h6illoglobin less than 50%.
** 8 had previous or associated infectious disease clinically

demonstrable.
*** 4 occurred in myelogenous group.

Those underlined are considered by Rams~y to be the chief symptoms.
1
I
I
r

I

Physical Findings

Anaylsis of the physical findings at
the time of hospital admission is likewise
made of the entire series due to no sig-

nificant differences between the
various types. An atte8pt has been
made to estimate the degree to which
each is present. This is represented
in the following table.
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Analysis of DEGREE Cases in which Percentage of
Physical findines Slieht Moderate Marked Extreme Present Occurrence

Pallor - 15 18 3 36 80%
Splenomegaly 4 14 13 3 34 76~
General gland

enlargement 11 18 3 - 32 7l~
Hepatomegaly - 22 6 - 28 6z:/o
Cervical glpJld

enlargement 5 16 5 - 26 58%
Enlarged tonsils 1 14 2 1 18 40%
Skin petechiae 2 8 4 - 14 31%
Buccal bleeding 3 5 - - 8 22%
Stomatitis 2 5 2 - 9 2Cf/;
Localized swelling 1 5 1 - 7 16~
Retinal hemorrhage - 2 1 - 3 8%
Scalp tumors - I 1 - - 1 2':1,

and Myelogenous (NEUTROPHILIC) Leukemias
are tabulated separately. They repre
sent findings at the time of hospital
admission. Comparison is made with
findings of Mills and Ramsay.

a. Blood Findings

U. of H. Hospital Series Mills *** Ramsay **'
Analysis of Blood No.of Aver. of Aver. of

Cases Maximum Minimum Avera;:e 14 Cases 70 Cases

Hemoglobin 35 85% 10% 36.8% 36.11, I 31%
Erythrocytes 33 3,510,000 690,000 1,741,212 2,319,000·1,946,000
Leucocytes 35 1,254,000 900 61,426 6,507 210, 2451
Polymorphonuclears 34 651~ 0 17.8%
Lymphocytes 34 1001, 30% 78.71, I

I

Monocytes 34 28% 0 1.45~
,

IMyelocytes 34 7"- 0 o.3"jb"P

Immature or I
atypical cells* 23 100;, 0 24. 7~;; !

ReticulOCytes 14 11.1;'; 0.1% 2.9% i
Platelets 25 300,000 7,000 101,768 I I

i
1

The blood pictures for the
cases of Acute Lymphatic (LYMPHOCYTIC)

Acute Lymphatic Leukemia (LYMPHOCYTIC)

Diagnostic Procedures

,

* 12 additional cases were reported as haVing immature or atypical cells
present, but no percentages were given. These are not included in the
calculation.

** All cases were under the age of 8 years.

*** All cases were under the age of l~ years.
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Mve10a enous Leukemia (NEUTROfHILIC)
U. of M. Hos::Jital Series Ramsay*

IBlood Analysi s No. of Aver. of 19
Cases !flaximum Minimum Averae.e Cases

Hemoglobin 6 68 20 47 31.8
Erythrocytes 6 3,830,000 770,000 2,320,000 2,114,800
Leucocytes 6 341,000 7,000 158,983 139,020
Polymorphonuclears 6 51 5 39.6 38.7
Lymphocytes 6 94 4 29.3 25.0
Monocytes 6 3 0 1.0
Myelocytes 6 20 6 13.7 )
Promyelocytes 6 18 0 7.5 ) 32.0
Meta:D'yelocyt es 6 15 0 5.3 )
Immat.,ll' e or

I at?pical cells 6 45 4 14.5
Stem cells 6 9 I 0 3.5IReticulocytes 1 - I - 2.0%
Platelets 3 150,0001 12,600 97,533,

* All cases were under the age of 8 years.

Summary of average values for blood findings in the entire U. of M. Hospitals
series.

No. of Lymphatic Myelogenous Reticulo- Atypical Grand
Blood Analysi s Cases Leukemia Leukemia endotheliosis 2 Cases Average

35 Cases 6 Cases 2 Cases
Remoglobin 45 36.8% 47~ 66% 83.5 4l.56llZ,

I
I

I

Erythrocytes 41 1,741,212 2,320,000 2,750,000 - 1,880,000 ,
Leucocytes 45 61,426 158,983 7,600 6,525 69,601

,

folymorphonucle~ rs 44 17.8% 39.6% 30% 41.8% 21.84%
Lymphocytes 43 78.7% 29.3% 71.5% 38.0% 70.49% i

1.4% 1.0% 2.~ 1.22%
I

Monocytes 43 - I

Myelocytes 43 0.3% 13.76!, 2.09%
i- - i

Promyelocytes 43 - 7.5% - - 1.0;0 IMetamyelocytes 43 - 5.3% 1.0% 0.76% I
Immature or i

atypical cell 29 24.7% 14.5% Present Preseni 22.62% i
Stem cells 43 - 3.5% - - 0.53% I

I
Reticulocytes 15 2.9% 2. Of- - - 2.93% I

1

Platelets 30 101,768 97,533 81,500 - 99,993 ;I I

b. X-ray.
Diagnostic x-ray procedures

were used in 36 cases (80%) of the group.
In no instance were x-ray findings refuted
by autopsy examination. Only negative
x-ray findings were reported in 8 (22%)
cases. Of these 8 with negative findings,
5 received no confirmatory autopsy exam-

irw.tion; 2 had only very limited roent
genography; and I, subjected to autopsy,
showed no gross findings which might
have been visualized by x-ray films.
Changes demonstrable by x-ray which
were considered to be consistent with
leukemic disease were reported in 23
cases (5110).
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No. of Cases Autopsy Autopsy
X-ray ~nterpretation in which re- Ccnfirma- not

ported tion f'erformed

Bony rarefaction i 7* 4 1 i
Splenomegaly 6 4 2 I
Leukemic infiltration - bone 5 2 3 I
Leukemic infiltration - lungs 3 3 - I
Mediastinal nodes I 3 2 1 I
Hepatomegaly l 3 2 1 IEnlarged kidneys I 3 3 -
Abdominal ascites 3 2 I

,
I Increased mediastinal shadow I 2 1 I I II Thymic enlargement 1 I. -I I

The following table presents these findings.

r,

* Exannnation of the bones was not r~ported in 2 autopsied cases.

X-ray changes which might or might
not have been on a leukemic basis were

report ed in 5 cases. These are
tabulated as follows:

iNo. of Cases Autopsy Autopsy
X-ray Interpretation ! in. which re- Confirma- not

'ported tion Performed

Sinusitis 4* - 2
Pneumonia 3 2 1
Lung congestion 1 I -
Bronchiectasis I - I

I
Bronchitis 1 - 1
Pleurisy I I -

I Thickened pleura I 1 -
I Osteosarcoma I 1 1 -
I i

* Examination of the sinuses was not reported in 2 autopsied cases.

In summary, considering all x-ray pro~

cedures with positive findings, 57% of
the findings received autopsy confirma
tion and in 32% of the remainder post
mortem examination was not made.

c. Biopsy Studies

Biopsy studies were made on
10 cases - 12 biopsy specimens being

obtained. All of the cases having
biopsy studies subsequently died with
the exception of one in which the
axillary node biopsy gave no positive
diagnostic information. The following
table presents the c~aracter of
biopsy and its value as a diagnostic
procedure.
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~ of Biopsy lNo. of Inter'Oretation
lBio'Osies Diae:nostic'" Not Din2nostic

Lymph nodes
a. Cervical 2 2
b. Axillary 4 3 1
c.• Inguinal 2 2

Bone marrow 1 1
Pleural fluid l 1
Skull tumor 1 1
Leg tumor- aspiration 1 1

TOT.A.L I 12 6 6
l.- I

* Of the six cases with di~gnostic findings, five were verified
by autopsy findings.

Seven of the 10 cases subjected to
biopsy study later received autopsy
verification of the diagnosis·.

Course of the Disease

The following table represents the

mortality and duration of the disease
from the onset of the first manifesta
tion to death in those cases.

I

~ of Leukemia Deaths Davs Duration
c1, Maximum Minimum llverae:eNo.

Lymphatic (LYNtPHOCYTIC) 27 79 273 20 109.7
Myelogenous (NEUTROPHILIC) 3 9
a. Acute 2 135 48 91.5
b. Chronic 1 - - 489

Reticulo-endotheliosis (MONOCYTIC) 2 6
a. Reticulosarcoma 1 I 64 - 64
b. Leukemic Reticuloendotheliosis 1 I - 12 12

Atypical 2 6 171 18
j

I Entire Series 34 ! 76 272 12 114.7

As stated above 4 cases of chronic
myelogenous leukemia (NEUTROPHILIC) were
observed. Of these, 2 are being followed
regularly in the Outpatient Department,
receiving deep x-ray therapy as indicated,
and showing satisfactory progress. In
each of these the period from onset of
the first manifestation to date is over
2 years. One case of Acute Lymphatic
Leukemia of only 2 months' duration was
discharged from the hospital April 29,
1938, being given a hopeless prognosis.
The 8 remaining cases which were also
discharged from the hospital with a hope-

less prognosis have not returned and
the duration of their course is not
known.

Autopsy Findings

Twenty-six cases (58% of total num
ber) were subjected to post mortem
examination~ Anatomical changes ob
served at necropsy were quite similar
in all types of leukemia. The essential
difference w?.s primarily one of degree
and type of predominating cell found_
A brief analysis of leukemic changes ap-



** 2 additional cases showed marked
bony atrophy.

pearing in the autopsied cases is shown
in the following table.

* 3 additional cases showed marked
thymic atrophy and 1 thymic
hyperplasia.

Pathological Changes

Leukemic infiltration
a. Liver
b. Kidney
c. Spleen
d. Lungs
e. Lymphoid tissue
f. Heart
g. Thymus*
h. Adrenals

Multiple hemorrhagic areas
Bone marrow involvement**
Generalized lymphoid hyperplasi
Multiple tumors

No. of
Cases

15
13
12

6
5
2
1
1

15
8
5
1

.. .. ,jowlfJl"'"
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Eight and one-half year old girl.

Admitted to the Pediatric Ser
vice in the Minnesota University Hospi
tals July 25, 1937 and expired A-ugust 23, ..
1937 after 29 days of hospitalization.

The girl had been perfectly uell
until mid-June. 1937. six weeks prior to
admission, when decreased activity and
increased irritability were first noted.
About July 1, 1937 she developed a mild
upper respiratory infection following
swimming. which improved spontaneously
within a few days. Anorexia was noted
from that time on. At this same time
backache was noted for the first time
and continued to admission. Vomiting,.
weight loss, rheumatoid pains in the
knees, painless swelling over the left
tibia, and several painless subcutaneous
tu~ors over the scalp all developed
during the two weeks previous to her
entry.

Past history.

In addition to the above. 11 cases
showed changes of an infectious nature.
Tabulated results of these findings are
as follows:

She had measl€s at 2 years,
scarlet fever at 3 years, and pneumonia
at 7 years (autumn, 1936). Her general
health had been good until onset of her
present i11ness~

CASE REfORT

The following case is presented be
cause of its rapid course, the question
able blood findings, the unusually high
blood calcium, and the obscurity of
diagnosis.

Pneumonia 4
Bacteria in internal organs 2
Pericarditis 2
Miliary abscesses 1
fleurisy 1
Otitis media 1
Perisplenitis 1
Perihepatitis 1
Septicemia 1
Multiple superficial abscesses 1

Pathological Findings
No. of
Cases

Family history.

No similar illness in the
family. Father and mother were 58 years
and 53 years respectively, and had good
general health. An aunt and grandmother
had died of tuberculosi~.

Physical examination at the time of
admission revealed a poorly nourished,
irritable girl of stated ago. Three
subcutaneous tur':lOr nodules varying in
size from 1 em. to 3 em. in diameter
were present over the skull. The eyes..
ears, nose, mouth, neck and lungs were
negativee The heart was not enlarged.
but a loud systolic murmur was present,
heard best in the mitral region and
transmitted to all ereas. Liver and
spleen were not palpable. A moderetely
firm, non~ender. soft tissue mnss about
4 em. in diameter was present over the
distal portion of the left tibia. There
was no general glandular enlargement.
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, The laboratory findings are best presented in the following table:

77-25-37 7-26-3~ 7-28-37 7-29-37 8-4-37 8-6-37 8-7-37 8-11-37 8-18~

Hemoglobin 90% 74 I 33
Erythrocyte~ 3,500,000 F' (370, OOC
Leukocytes 12,200 11,000 6,100
Neutrophils 58 I 63 49
LYLlphocytes 40 35 45
Metamyelo-

cytes 2
Monocytes 2 2 I 4
Platelets 148,000 99,200
Blood

sugar 145 mg. 86 mg,
Serum
calcium 20 mg. 19.8 mg 21·2mg1 24.6mg 22.6mg.

Bloed
phosphoroul 4.5mg. 2.9mg 2.95 11 2.31"

Plasma

Isodium 288.9mg.
Plasma

potassium . 9.09 tt I
Plamsa Imagnesium 0~8811

Plasma Ichlorides 324.4mg.
To tal P18.Sf'o . Irna protein 5 9 9 rag 4~ 67mg. 5.0mgr
Plasma

albumin 3.2 mg. 2. 8mgt
Plasma

2· 2mgtglobulin 2.3 mg.
CO2 coro-

I 52.6
,

bining Ipower I
vol.!%

Sed. rate 80 min. I
Plasma in 30 min I I

! I 3.27mg.
I

N.P.N. 32. 7mgr

,

,

,

Blood smears examined by the University
Pathology and Hematology Departments were
interpreted ~s showing no leukemic changes.
~e phosphatase activity was witUin normal
limits, 3.15 units per 100 cc. of serum.
Rabbit inocul~tions of the p~tient's blood
gave normal parathormone reaction.

X-ray examination showed moth-eaten
destructive lesions with no evidence of
new bone formation involving skull, verte
brae, right humerus, right scapula and
left fibula~ The iQpression was leukemic
infiltration. The upper ends of the femur
were also involved. Enlarged kidneys
were disclosed by intravenous pyelography.
The right hilus shadow was increased.

Some infiltration involving the upper
lobes of both lungs was noted.

Biopsy from nodule on the scalp
showed a heavy infiltration of a
uniform type of monocytic cells, some
of which showed mitotic figures, around
spicules of bone. The conclusion was
leukemic infiltration of periosteum~

In spite of repeated transfusions
and other supportive measures, the
patient grew progressively worse and
expired with terminal bronchopneumonia.
Duration from onset of first manifesta~

tion to death was 64 days.
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Autopsy findings revealed multiple
tumors of the skull, pancreas. vertebrae,
ilium, and leg, all of similar nature.
Microscopically they consisted of small
hyperchromatic round cells arranged in
broadsheets. A dense fibrous stroma
was pres~nt. No evidence of leukemia
was seen in the bone marrow, liver, or
spleen. The Iddneys showed extensive
calcification of the tubules of both
cortex and medu~la. Similar calcificetion
in areas of the lungs was present in lolddi
tion to patchy areas of pneumonia.
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