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Cell Leukemia of Childhood Treated with

Composite Cyclic Therapy

By Wout’ W. ZUELzEB

‘ T IS common knowledge that the course of acute leukemia in children is

often profoundly modified by therapy. Complete clinical and hematologic

remissions substantially exceeding the natural duration of the disease are no

longer exceptional. Despite these limited successes, the regimen has not yet

been standardized on an empirical basis. Opinions still differ as to the best use

of the available therapeutic agents. Moreover, the response to each of them has

been so variable that favorable results are commonly attributed to unknown

factors inherent in the individual, rather than to the efficacy of treatment.

Since the goal remains complete eradication of the malignant process rather

than its temporary suppression, however effective, purely clinical considera-

tions must often be subordinated to the requirements of experimental therapy.

These objectives are not necessarily incompatible. Knowledge of the limits

attainable with the therapeutic agents now at hand is still incomplete. Such

information is desirable, however, since the study of optimal remissions may

well provide clues to conditions required for permanent control of the disease.

This report presents observations and results obtained with a clinically

oriented program designed for this purpose, and found to yield the largest

number of remission� and prolonged survivals recorded thus far. The regimen,

consisting in the combined use of corticosteroids and two antimetabolites, and

hereafter designated as “composite cyclic therapy” (CCT) was adopted in

this laboratory in 1955 and first described in 1960.’ This is an account of the

total experience of 9 years in 175 cases of acute stem cell (lymphoblastic)

leukemia of childhood.

CCT was devised in order to explore the effects of a combination of thera-

peutic agents which differ in their mode of action. Of necessity, much em-

phasis has been placed on the controlled evaluation of individual drugs. Yet,

the tacit premise that the eradication of leukemic strains from a rapidly regen-
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erating cell population such as the normal hemopoietic elements may ulti-

mately be achieved by single chemical substances acting selectively in the

manner of “magic bullets” remains in question. A priori as good a case can be

made for a simultaneous attack on different cellular mechanisms. A combina-

lion of agents might eradicate the malignant cells more rapidly and perhaps

more completely at the start of therapy than relatively slow-acting single

compounds which regularly seem to permit adaptation. Subsequent develop-

ment of “resistance” might be prevented or at least delayed by cyclic use of

drugs with divergent effects. Based on this reasoning, CCT was designed to

employ steroids and 6-mercaptopurine simultaneously in the beginning and

the latter drug in rotation with methotrexate thereafter.

Whereas the subsequent experience of others with combinations such as the

two antimetabolites alone,2 and, in leukemias of adults, steroids and 6-mer-

captopurine,3 was at best slightly favorable, the results obtained with CCT

in stem cell leukemia of childhood during the first 5 years1 seemed distinctly

superior to those achieved with other agents.4#{176} Their significance appeared

to lie, not so much in the mean survival of the patients already expired at the

end of the study, but in the unexpectedly large number of prolonged individ-

ual remissions, many still continuing at the close of the period when the 25

per cent and 10 per cent survivals stood at 18.0 and 28.0 months. This seemed

to indicate the validity of the rationale used and led to the continuation of

CCT as a standard regimen during the next period (1960-1963).

The full scope of CCT did not become apparent, however, until enough

time had elapsed to ascertain the actual fate of all of the original patients,

including those surviving into the second period. Thus the mean survival of all

expired patients admitted between 1955 and 1959 ultimately proved to be 22.0

months rather than 13.0 months computed on the basis of the deaths occurring

within that period. Moreover, the extended follow-up disclosed a significant

number of ultimate survivals of unusual duration. Thus, when the perform-

ance of all patients admitted through December 31, 1959, was known, 12, or

13.2 per cent had lived (and in some instances were still living) at least 4

years after diagnosis. Similarly, 5, or 6.8 per cent of the patients admitted be-

fore the end of 1958 and whose fate was therefore known at least 5 years after

diagnosis, had survived 5 years or longer.

The present report recapitulates and completes the earlier data and adds

77 new cases admitted in the following 4-year period. The completed study

gave consistent results and confirmed the conclusions that CCT offers practical

as well as theoretical advantages over the now available agents used singly in

the treatment of stem cell leukemia of childhood. It is not the intention to sug-

gest CCT as definitive therapy. Rather, the data are presented as a body of

evidence relevant to basic theory of cancer chemotherapy. As such, it is hoped,

they may serve as clues for investigation and help in determining the direction

of future efforts.

CASE MATERIAL

Between January 1, 1955, and December 31, 1963, 285 children with acute leukemia of

all types were admitted for diagnosis and treatment (table 1). In order to present a corn-
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Table 1.-Summary of All Acute Leukemias Treated 1955-1963

No. Not
Type No. Expired No. Living Followed Total

Stern cell
CCT 133 39 3 175

Other therapy 10 10 0 20

Immediate deaths 10 0 0 10

Total 153 49 3 205 205

Acute myelogenous

Granulocytic 33 4 0 37
Monomyelogenous 10 8 0 16

Total 43 10 0 53 53

Monocytic 19 3 0 22 22

�oAtypicaler 4 1 0 5 5

Grand total 285

plete picture and indicate the extent of selection, all cases are included in the tabulations
of mean survival, incidence of remissions in expired patients, per cent survival curves and

age distribution shown in tables 1 and 2 and figures 1 and 2. These data include 205 pa-

tients in whom the cytologic diagnosis of stem cell leukemia was made. Of these, 10 died

shortly after admission, usually within a matter of days and in no case later than 30 days,

and were not considered to have received CCT. Thirteen others, for various reasons not

always controllable, such as prior institution of therapy, received varied treatment. In addi-

tion, 7 patients consecutively admitted during 1963 were placed on a new experimental

regimen designed to test certain corollaries of CCT, and since abandoned for reasons to

be discussed. The remaining 175 patients who received CCT form the basis of this report.

The cytologic classification in each case was established as part of the diagnosis on ad-

mission by the same observer and was adhered to thereafter, irrespective of subsequent

events. The evaluation of CCT was restricted to stem cell leukemia in order to keep the

sample as homogeneous as possible, following established practices in appraising results in

malignant diseases. Notwithstanding the well-known problems of morphology in leukemia,

most recently elaborated by Dameshek and Gunz,7 it is our belief that stem cell leukemia

of childhood is a distinct variant with important special features which include the re-

sponse to therapy, and can be cytologically defined with reasonable accuracy. The present

sample may be regarded as essentially inclusive, since all cases with leukemic cells of sin-

differentiated lymphoblast-like appearance were classified as stem cell leukemias, so that

errors resulting from the inclusion of undifferentiated granulocytic leukemias would add

rather than subtract from the group.

Several kinds of collateral evidence seemed to support the validity of the classification.

Patients with the cytologic diagnosis of stem cell leukemia subsequently had approximately

twice the remission rate and three times the mean survival of the other types (table 2).

Comparable differences appeared in the per cent survival curves (fig. 1). The relatively

favorable response of stem cell leukemia in children has been noted before, e.g., by Win-

trobe8 and by the author.1 Another criterion was the age distribution which showed the

typical smooth curve of stem cell leukemia with the peak between 3-6 years, as con-

trasted with the scatter of the other types (fig. 2). Finally, the cytologic diagnosis was in

good agreement with clinical findings in cases of Downs’ syndrome, characteristically as-

sociated with acute myelogenous leukemia. This was the classification of 5 of 6 such pa-

tients seen during the study period. Interestingly, the sixth patient, whose diagnosis was
stern cell leukemia, was the only child with mongolism who achieved a satisfactory remis-
sion.

Increased familiarity with leukemia on the part of physicians and laymen alike has re-
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Table 2.-incidence of Remissions and Mean Survival in All Expired
Patients (All Types), 1955-1963

Type No.
Remissions

(%)

Survival after Di
(Months)

agnosis

Mean Median Range

Stem cell 1530 92.8 15.8 14.2 1-101

Acute granulocytic 33 42.4 5.0 4.0 0-13

Monomyelogenous 10 50.0 5.2 3.7 1-11

Monocytic 19 31.6 4.6 2.9 0-21

“Atypical” 4 - 25.0 8.5 5.0 1-24

#{176}Includes 10 immediate deaths and 10 patients receiving treatment other than CCT.

suited in a high index of suspicion and relatively early institution of definitive diagnostic

procedures. Delay in referral by the physician who first saw the patient was exceptional.

In the vast majority of cases the actual diagnosis of leukemia was made after admission
to this hospital. All but 15 of the 175 patients lived within the Detroit-Windsor rnetropoli-

tan area, the remainder with only two exceptions within a radius of 80-100 miles, and all

could readily reach the hospital in 2-3 hours. Their clinical condition on admission en-

compassed every degree of illness. As far as could be determined, no changes took place

during the study with respect to geographic origin, racial or socio-enornic background of

the patients, general level of medical care in the area, or diagnostic criteria and methods

of supportive treatment. It seemed therefore that favorable selection of the case material

due to inadvertent screening of critically ill or otherwise handicapped children should not

materially influence the results.

PRINCIPLES OF �

Irrespective of the clinical condition, therapy was always instituted immedi-

ately upon diagnosis and was continuous thereafter, except during major inter-

current infections. While the basic protocol was generally maintained, some

flexibility and individualization as dictated by clinical common sense was al-

lowed. Close supervision and painstaking attention to clinical details were re-

garded as essential.

During a generally brief initial period of hospitalization, transfusions of

whole blood or packed red cells were given as needed. In the presence of

fever during this usually neutropenic phase antibiotics were given em-

pirically. Within 1-2 days steroid therapy was begun with the oral administra-

tion of prednisone, 2-3 mg./Kg./day, except in cases of excessive leukocytosis

when the initial dose was reduced. Critically ill patients received hydrocorti-

sone intravenously. From the start all patients able to tolerate oral medication

received 6-mercaptopurine in a single daily dose of 2.5 mg./Kg., irrespective

of the white blood count.

Steroid therapy was continued for a full month. The daily dose was then

reduced by half on alternate days and discontinued altogether within a week’s

time. The usual side effects, but no untoward reactions or withdrawal signs

were observed. The use of 6-mercaptopurine was maintained for 3 months.

The usual moderate leukopenia and neutropenia were not considered as con-

traindications, but with anemia developing in the face of an otherwise satis-

factory remission, the dosage was temporarily reduced, rarely discontinued.

No other serious side effects were noted.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/24/5/477/572019/477.pdf by guest on 19 M

ay 2023



A STEM CELL 205 CASES

-0-B OTHER TYPES 80 CASES

-�- C ALL ACUTE LEUKEMIAS 285

50%-J
4
>

>

(I)

I..z
“I
U

25%

36 91215 8 212427 3O� 3639424548� �5760636669

DURATION IN COMPLETED MONTHS

ACUTE STEM CELL LEUKEMIA OF CHILDHOOD 481

Fig. 1.-Per cent survival of all patients with acute leukemia, 1955-1963.

After 3 months, methotrexate was given orally in daily doses ranging from

1.25-5.0 mg., depending on the size of the patient. The dosage was adjusted

or the drug temporarily discontinued if the usual signs of toxicity appeared.

If a severe deficiency state attended by megaloblastosis seemed to require it,

leukovorin was freely given for a few days. No evidence for accelerated re-

lapse due to this practice was observed. At the end of 3 months, therapy with

6-mercaptopurine was resumed and thereafter the two antimetabolites were

alternated at regular intervals.

This regimen was maintained indefinitely or until relapse occurred. The

patients were followed on an ambulatory basis at intervals of 1-2 weeks,

rarely longer, and were allowed all activities appropriate for their ages, in-

cluding school attendance, sports and traveling. Intercurrent illnesses were

treated strenuously according to general pediatric principles. Immunization

schedules were maintained and surgical procedures, if indicated, were car-

ried out during remission without special precautions except for the use of

steroids in patients having recently had such therapy, and invariably without

untoward reactions.

Each clinic visit involved complete physical examination, fundoscopy and

a blood count and careful scrutiny of the smear. Bone marrow aspirations
were done frequently but not necessarily on a regular monthly schedule.

Since the course often extended years and previous experience1 had shown

that the ability to maintain stable and satisfactory blood counts over long

periods of time reflects continuing remission, the too frequent repetition of a

painful and dreaded procedure did not seem warranted. A high index of sus-

picion was applied, however, and with falling hemoglobin levels, thrombo-
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#{176}Aminopterin used in this study was supplied through the courtesy of Lederle Labora-

tories, Pearl River, New York.

Fig.
leukemia.

penia or severe neutropenia, appearance of “suspicious” cells in the blood

smear or clinical findings such as pain, fever, lassitude or increasing size of

spleen or lymph nodes, examination of the bone marrow was promptly resorted

to, otherwise mostly at the end of the therapeutic cycle. The definition of

hematologic remission used in this study was based on normal findings in

the blood (slight anemia and a moderate degree of leukopenia being allowed

if accounted for by therapy), and the absence hi the bone marrow of abnormal

cells sufficient for the diagnosis of leukemia by a trained observer, as estab-
lished early in the course and periodically confirmed thereafter.

Extramedullary manifestations arising during hematologic remission were

treated radically, much like localized relapse of other malignant neoplasms,

regardless of the ultimate prognosis, a practice often vindicated by long and

uneventful survival following such episodes. Thus leukemic tumors of the

gonads were excised or irradiated if blood and bone marrow were normal,

as were isolated leukemic lymph nodes. Neurologic manifestations were

treated by irradiation or by repeated intrathecal injections of aminopterin*

until pressure and composition of the spinal fluid became normal, and ab-

normal fundoscopic findings had receded.

With relapse, steroid therapy was resumed in full dosage for about 1

month and the antimetabolite currently in use was replaced by its alternate.

If another remission was induced, that drug was continued. Otherwise, or
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ACUTE STEM CELL LEUKEMIA OF CHILDHOOD 483

Table 3.-Survival Time of Expired Patients with Stem Cell

Leukemia_Receiving CCT

Cohort No. Mean Median Range

1955 18 19.1 15.5

1956 22 15.9 14.5

1957 16 21.0 14.0

1958 19 19.0 17.0

1959 13 18.4 16.0

1960 25 16.1 14.0

1961 12 17.1 18.0

1962 8 10.1 11.5

1963 0 - -
All cases 133 17.7 14.5 1-101

with renewed relapse, additional agents were used as they became available.

As is usual in this situation therapy after repeated relapse was largely geared

to clinical circumstances and to the response or refractoriness of the individual

patient to particular drugs. Although frequently effective for short periods,

the measures thus employed had little effect on total survival time, as it will

be shown that the duration of the initial remission was generally the decisive

factor determining longevity. Supportive therapy, including antibiotics and

transfusions of blood, packed red cells and platelets, was given as needed in

relapse, but no extreme effort was made to prolong life in patients judged

to have reached a terminal state.

OBsKEvA�rJoNs

The incidence of remissions among the 175 patients receiving CCT was 99.4

per cent, but it must be remembered that by definition only patients surviving

at least 30 days after diagnosis were included. Remission was generally rapid

and often dramatic, though not necessarily more so than in patients receiving

comparable doses of steroids alone.9 Except in cases complicated by severe

bacterial infection, clinical well-being was restored in 8-10 days after the start

of therapy, although children with initial bone pain sometimes refused to walk

for several weeks. Leukemic “blasts” if present initially, disappeared usually

within days, rarely over a week, any enlargement of spleen and lymph nodes

began to decrease immediately, sometimes over night, and normal physical

findings (except for steroid effects and occasionally persistence of a slight

constant splenomegaly) and essentially normal hematologic status were re-

stored in 2-4 weeks. At that time bone marrow examin�ttion no longer per-

mitted the diagnosis of the disease but might show general or myeloid hy-

poplasia.

At the end of the study 39 patients (table 1) were alive from 1-106 months

after diagnosis, while 3 had been lost to follow-up after 5, 6, and 29 months,

respectively. Of the 133 expired patients 4 had died during remission from

causes other than leukemia, viz., hepatitis, septicemia, viral encephalitis and

pneumonitis, after periods of observation of 56, 22, 7 and 4 months. These are
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Table 4.-The influence of the Initial White Blood Count on

the Survival of Expired Patients

No. Cases Mean Median Range

WBC “high” 29 10.5 10.0 3-23
WBC “low” 99 20.2 17.0 1-101
Unknown 5 - - -
All cases 133 17.7 14.5 1-101 -

included in the survival data (tables 3-6) without correction and treated

as withdrawals at the proper intervals in calculation of remissions.

The mean survival determined for the expired patients (table 3) was 17.7

months. The median was rather constant from year to year until 1962 when it

was depressed, owing to the fact that this was the penultimate year of the

study and most of the patients in this cohort who survived beyond the median

were still living and therefore excluded when these data were computed.

None of the patients in the 1963 cohort had died when the study ended.

As in earlier studies,1’6’1#{176} marked differences in duration of survival

were found between patients with “low” and “high” initial white blood counts.

In the previous report a count of 10,000 had been chosen as the dividing line,

but in the present study little difference was found between patients with

counts below 10,000 and those with counts ranging from 10,000-20,000. The

latter were therefore included in the “low” group which in the present series

accounted for 133, or about three-quarters of the cases as opposed to a “high”

group of 36. In five patients referred after initiation of therapy elsewhere, the

initial white count was unknown or could not be evaluated. The mean survival

of 128 expired patients whose count was known (table 4) was twice as great in

the “low” as in the “high” group. Equally striking was the fact that of the total

number of 44 patients known to have survived for at least 2 years at the end

of the study, only one fell into the “high” group. The converse relationship

however, could not be shown. Half of the patients dying within a year and

arbitrarily designated as short-term survivors had low white counts initially.

Nor was there a correlation between the initial count and clinical status.

Thus, half of the 10 critically ill patients referred to above but not included in

the CCT group because of immediate death had shown low counts, while in

similarly ill patients who survived the first few weeks recovery was equally

prompt regardless of the magnitude of the white count. Nor, incidentally,

could the “severity” of the leukemia in terms of initial clinical status be re-

lated to the eventual duration of the remission. Critically ill patients who sur-

vived usually achieved excellent remissions.

The usual problem of evaluating survival in a group including living pa-

tients1’8’1’ was resolved by the use of life table methods. The 9-year survival

rate (table 5) was calculated by the procedure of Cutler and Ederer.’2 The

figures are in good agreement with the per cent survival curve (fig. 3) show-

ing uncorrected 50 per cent, 25 per cent and 10 per cent survivals of 17.2, 27.5

and 45.0 months, respectively. At the close of the study 8 of the living pa-

tients had survived from 48-106 months after diagnosis, and 6 of these were
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Table 5.-Nine-Year Survival Rate for 175 Patients with Stem Cell

Leukemia under Composite Cyclic Therapy

Months after
Diagnosis

No. Alive at
Beginning of

Interval
Died during

Interval
Lost to

Follow-up
Withdrawn Alive

during Interval
Survival

Rate

0-6 175 10 2 7 .94

7-12 156 36 2 8 .87

13-18 110 35 0 3 .72

19-24 72 25 1 2 .48

25-30 44 5 1 6 .31

31-36 32 7 0 3 .27

37-42 22 4 0 1 .19

43-48 17 4 0 1 .15

49-54 12 1 0 4 .11

55-60 7 0 1 1 .10

61-66 5 1 0 1 .10

87-72 3 0 0 0 .08

73-78 3 0 0 1 .08

79-84 2 0 0 0 .08

85-90 2 0 0 0 .08

91-96 2 0 0 0 .08

97-102 2 1 0 0 .08

103-108 1 0 0 1 .04#{176}

#{176}Standarderror, 0.04.

tion.

Total survival time is variably influenced by clinical skill, especially after re-

lapse has occurred, therapy becomes flexible and more or less intensive efforts

are made to prolong life. The duration of the first remission, though less pre-

cisely measurable, might therefore be a better measure of therapeutic efficacy

in acute leukemia. The duration of the first remission was plotted ( fig. 3)

in a mann�r analogous to the per cent survival curve. The 50th, 25th and 10th

percentiles thus obtained were 11.0, 19.4 and 33.6 months, respectively. Ex-

eluding 2 withdrawals and 2 intercurrent deaths which took place in less than

a year’s time after admission, and the cohort of 1963 which had not yet been

observed for a sufficient interval, the data available for the remaining 154

patients, known to have died or followed for more than 1 year, yielded a mean

remission length of 15.2 months with a median of 12.5 months. As expected,

the same difference between “high” and “low” white blood counts apparent

in the mean survival figures was found in the duration of remissions.

While patients with long initial remissions must have correspondingly long

survivals, the converse is not necessarily true. Prolonged survival might be the

result of multiple discontinuous remissions following early relapse. It was

found, however, that the long-term survivors in this series (table 6) generally

had long initial remissions far exceeding the mean and median values for the

group as a whole, or, stated differently, that the duration of the initial remis-

sion rather than additional survival after relapse was the main reason for the
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Fig. 3.-Per cent survival and length of first remission in 175 patients with stem
cell leukemia under CCT.

longevity of these patients. Although second and third remissions were com-

mon, especially when the first had been prolonged, the duration of survival

after the first relapse in the series as a whole averaged only 4 months, and

even if it lasted longer, this period was usually punctuated by further re-

lapses.

The length of the first remission nevertheless seemed to have a limited but

significant effect on the total survival time, over and above that exerted by its

own duration. Whereas no linear relationship could be established between

the duration of the original remission and the additional survival time after

relapse, the probability of achieving further remissions and longer survival was

several times greater if the original remission had been long-lasting (fig. 4).

Patients whose initial remissions had lasted over a year were three times as

likely to survive for another year or more than those whose disease had re-

lapsed in less than a year.

The duration of the first remission thus appeared to be a crucial factor in

more than one respect, suggesting that under the conditions of the study the

events and circumstances connected with its induction might be of critical

importance. As a corollary, it seemed that once relapse had occurred, the

battle was usually lost and therapy thereafter became a mere fight for time.

A detailed appraisal of the measures taken after the patients had become re-

fractory to CCT is not intended here. Suffice it to say that additional responses

were common but generally of short duration. Of 47 patients who received

cyclophosphamide, 20 responded with remissions lasting from 3-5 months. Of

the remainder, 22 were already in terminal condition when the drug was given.
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Table 6.-Duration in Completed Months of First Remission in 44
Patients Surviving 2 Years or More

Length of First Length of First

Total Survival Remission Total Survival Remission

106 106#{176} 35 32

101 78 35 18

74 74#{176} 34 28

65 33 32 30

63 63#{176} 32 24

59 59#{176} 32 19

56 51f 32 18

56 46 32 8

53 53#{176} 31 29

51 51#{176} 30 22

50 50#{176} 29 29�

48 19 29 29#{176}

47 34 29 20

45 41 28 28#{176}’

45 33 27 25

44 36 27 23

42 6 25 23

40 32 25 20

38 13 25 16

36 36#{176} 24 24#{176}

36 24 24 19

36 13 24 13

All remissions: mean, 32.9; median, 29.7.
#{176}Stillcontinuing.

f Intercurrent death.

ILost to follow-up.

Complete or partial remissions were obtained in 5 patients no longer responsive

to CCT, when massive doses of methotrexate (5 mg/Kg.) were given intra-

venously at weekly intervals.

Leukemia has ceased to be a purely hematologic disorder. In this series

leukemic tumors of the gonads developed in 4 boys and 1 girl. At that time

these patients were in remission 14-39 months after diagnosis. The tumors

remained unilateral except in the case of one of the males who showed leu-

kemic involvement of the second testicle within 3 months. Survival after or-

chidectomy or irradiation ranged from 8-36 months. One patient had lo-

calized leukemic infiltration of the small intestine leading to complete ob-

struction and requiring surgical relief 14 months after diagnosis of the leu-

kemia and 3 months before death.

Involvement of the central nervous system (excluding terminal hemorrhage)

occurred in 51 patients (29.1 per cent) of the group and was the immediate

mechanism of death in 3 of these. This aspect of the disease will be dealt

with in a separate report.13 Neurologic relapse generally preceded hematologic

relapse (table 7) with a wide range of intervals between these two events,

from 1-32 months. Given sufficient hematologic remission time, neurologic

relapses were usually multiple but could almost always be controlled until
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Fig. 4.-Subsequent survival in relation to length of initial remission in expired

patients with stem cell leukemia under CCT.

death occurred in hematologic failure. Of special interest for the interpreta-

tion of the long-term survivals in this study was the fact that no patient

not having shown neurologic symptoms by the end of 36 months subsequently

developed involvement of the nervous system. The survival of 6 such patients

alive at the close of the study ranged from 51-106 months.

Of possible theoretical interest is the fact that many patients experienced

various major viral and bacterial infections (table 8). These were generally no

more severe than expected in view of the character of the prevailing epi-

demics. While all but one of the patients were in remission and antimetabolite

therapy was always discontinued during these illnesses, the observations in-

dicate that patients with acute leukemia who have been under therapy for

many months retain a degree of immunologic capacity which enables them to

cope with a variety of infectious agents.

DIscussIoN

The main significance of the data would seem to lie in the clues to the

nature of therapeutic effects in acute leukemia suggested by the number of ex-

tended remissions. In this respect the absolute figures were sufficiently large

to make the effect of selection, deliberate or otherwise, on the percentages of

long-term survivors a question of secondary importance. Every effort was

made, nonetheless, to avoid manipulation of the data and to indicate the ex-

tent of that selection by presenting, in addition to the series of patients re-

ceiving CCT, a summary of all cases of acute leukemia admitted during the

study period. The unavoidable problem of pre-selection of patients treated
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Table 7.-Onset of CNS involvement in Relation to Bone Marrow Status

in 51 Cases of Acute Stem Cell Leukemia

No. of Cases

Preceding marrow relapse 41

Simultaneous with marrow relapse 3

During remission following marrow relapse 5
Following multiple marrow relapses 2

Table 8.-intercurrent Viral and Bacterial infections on 175
Patients with Stem Cell Leukemia

No. of Cases

Chicken pox 15

Measles 17

Mumps 8

Hepatitis 9#{176}

Infectious mononucleosis 1

Rubella 3

Herpes zoster 2

Vaccinia 1

Encephalitis if

Pneumonitis

Septicemia

Scarlet fever 1

*Ons death due to hepatitis. Autopsy: No evidence of leukemia.

f Death at 7 months. Autopsy: No evidence of leukemia.
�One death at 4 months; in hematologic remission.

§Death at 22 months; in hematologic remission.

in a single institution has little bearing on the meaning of the results. The argu-

ment that such a series is ipso facto biased by the absence of patients not re-

ferred or unable to reach the center and presumed to have an inherently un-

favorable outlook14 did not seem relevant under the socio-medical conditions

described.

The omission from a study of long-range therapy of patients dying im-

mediately requires no further comment, and does not alter the results signifi-

cantly, as a comparison of curve A, figure 1, with figure 3 shows. The restric-

tion of the series to cases classified in advance as stem cell leukemias was in-

tentional and appeared justified by the gross differences in response between

this and the other variants treated in the same period. Such differences are

generally recognized, but under the impact of CCT on the remission rate and

survival time in stem cell leukemia they came more sharply into focus and

suggested a clue to the nature of one therapeutic mechanism which might be

obscured if all types were grouped together indiscriminately. Since steroids

were used early in the treatment in all types of acute leukemia, the greater

responsiveness of the stem cell variant suggests a special susceptibility of the

particular malignant elements. This should reflect differences in origin and

is compatible with the conclusion that the undifferentiated cells, here called

stem cells, are of lymphoid origin and share the well-known susceptibility of
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lymphoid derivatives to steroid hormones15 in contrast to myeloid derivatives.

It adds to morphologic evidence on which many authors have based the view

that classical childhood leukemia is truly lymphohiastic, and is in keeping

with the age incidence of the type which closely parallels the period of max-

imal development of lymphoid tissue. The effectiveness of steroids in inducing

remissions in this type thus appears to be due at least in part to their tissue-

specffic action as opposed to the non-specific metabolic injury attributed to

antimetabolites, and the unresponsiveness of other types including super-

ficially similar leukemias in adults, would indicate a different derivation of

the malignant cells.

It seems to be agreed that remissions induced by steroids alone are generally

short-lived. The reason for the prolonged survivals observed with CCT must

lie at least in part in the use of one or both antimetabolites employed. Con-

versely, when only antimetabolites are given, the remission rate is appreciably

lower2’46 as is the percentage of long-term survivals. Moreover, the clinical as

well as hematologic response tends to be slower, an observation confirmed by

the author and more recently by Bridges et al.3 and reflected in the almost

universal practice of resorting to steroids early in seriously ill patients.2”6 The

common assumption that early use interferes with the subsequent effectiveness

of steroids was not borne out under the conditions of this study and becomes

irrelevant in any case if total survival time is increased. Many second and third

remissions were induced with steroids, the more readily the greater the time

interval since their last administration. The clinical advantages of combining

steroids with antimetabolites in the manner indicated seem obvious, and the

oft-repeated recommendation to withhold the former until the latter become

ineffective,16”7 becomes untenable.

Theoretical reasons likewise favor the exploitation of potentially synergistic

mechanisms in leukemia therapy. Indications are mounting that leukemia is

the result of autosomal mutation leading to the propagation of aneuploid stem

line. The recent literature has been reviewed by Gunz and Fitzgerald.’8 In the

present series studies reported elsewhere’9’2#{176} disclosed aneuploidy at the time

of leukemic infiltration of the bone marrow in every case examined. The

modal number of the aneuploid cell lines varied from case to case but ap-

peared to be fixed for each individual patient since it persisted unchanged

during prolonged relapse and re-emerged in consecutive relapses. During re-

mission the normal diploid number was restored and found to persist, irre-

spective of duration or type of agent used. Remission might therefore hc

viewed as the temporary suppression of the mutant in favor of the normal stem

line. This might be due to unfavorable metabolic conditions or to the restora-

tion of some previously impaired control mechanism, possibly immunologic

in nature and directed against the “foreign” cells. Relapse after “complete”

remission would then indicate the resurgence of an undetected residue of mu-

tant cells, resulting either from metabolic adaptation or breakdown of the

hypothetical control mechanism. Prevention of either modality is an obvious

prerequisite for permanent elimination of the mutant strain, as opposed to

mere remission.
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Viewed in this light, conditions prevailing during the initial phase of

therapy might indeed be decisive for the outcome, and one might reason that

the suppressive effect of therapy should not only be maximal but as rapidly

achieved as possible. CCT meets these requirements better, in theory at least

than consecutive use of single agents, because it seems to attack more than

one cellular mechanism and to act more rapidly.

The hypothesis that initial measures may largely determine the total course

by restoring or re-establishing control over the mutant strain finds some sup-

port in the demonstration that long original remissions were common and

accounted for the greater part of the total survival in patients treated with

CCT, and that one relapse was usually followed rapidly by additional re-

lapses, even if the patient survived for a considerable time afterwards. The

relationship between the length of the first remission and the subsequent stir-

vival time, while not linear, likewise fits the assumption that the control

achieved in the beginning has some influence on the total course.

The importance of conditions prevailing at the onset is shown unequivocally

by the influence exerted on the subsequent course by the unknown factors

which govern the height of the initial white count. Their effect is noticeable

with every therapeutic regimen.”6’1#{176} One might speculate that the parameter

of the white count reflects an immunologic mechanism, and that hyperleuko-

cytosis signals the complete loss of the ability to contain the mutant (and per-

haps antigenically distinct) cell line, whereas in the more responsive cases

with low initial white counts this function is still partially preserved and thus

more readily restored. CCT seems to accelerate and potentiate this process

with relative efficacy as compared to other current regimens.

In this context the experience in patients receiving “intensive therapy” is of

interest. This experimental regimen consisted in induction of remission by

steroids and 6-mercaptopurine, as in CCT, followed by weekly intravenous

injections of massive doses alternately of methotrexate and cyclophosphamide

for a period of 1 month. In 3 of the 7 patients so treated and subsequently

placed on 6-mercaptopurine, explosive relapse was observed shortly with the

sudden appearance of marked splenomegaly and a veritable outpouring of

“blasts” into the circulating blood. This high incidence of a rarely observed

pattern suggests that without eradicating the malignant cells, the strenuous

therapy had overpowered the defense mechanisms usually effective at this

stage, and is compatible with an immunologic interpretation. If correct, a

corollary of this reasoning would be lessening importance of therapy later in

the course of the disease. To what extent the manner in which the anti-

metabolites were used in CCT was responsible for maintaining the remissions,

could not be determined in a series that, for obvious reasons, was not de-

signed to include controls.

The findings referred to regarding chromosomes provide a basis for the

definition of a cure in leukemia as the permanent elimination of a mutant cell

strain, in contrast to a mere remission. Although at present these states cannot

be distinguished from one another except after relapse, the distinction is

nevertheless of great theoretical importance. It permits for the first time a
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plausible explanation of apparent “cures” occasionally reported in reliably

documented cases,2’ in terms of the loss, fortuitous or otherwise, of the mutant

stem line. Possibly the 2 patients in the present series who are in continuous

remission 6 and 8 years after diagnosis are cases in point. A third patient not

included in this report, but observed in this laboratory, is alive and in con-

tinuous remission 12 years after diagnosis. This patient who initially received

steroids followed by aminopterin is of special interest because lie has received

no therapy for 11 years. In ordinary oncologic terminology this would he

termed a cure. On the other hand, a patient who was part of the series re-

lapsed after more than 6 years of uninterrupted remission and has since died.

SUMMARY AND CONCLUSIONS

The results of 9 years’ experience with acute stem cell (lymphoblastic ) len-

kemia treated with a combination of steroids and antimetabolites, designated

as “composite cyclic therapy” ( CCT) , are described and their theoretical im-

plications are discussed. In 175 patients surviving at least one month after

diagnosis the per cent survivals were: 17.2 months (50 per cent), 27.5 months

(25 per cent), and 45.0 months (10 per cent). Six patients were alive in unin-

terrupted remission at the close of the study, from 4-9 years after diagnosis.

The mean survival of the expired patients was 17.7 months, with a median of

14.5 months. The mean duration of the first remission was 15.2 months with a

median of 12.5.

The therapeutic response in terms of remission rate and total survival was

significantly better in stem cell leukemia, as defined cytologically at the time

of original diagnosis, than in other types, suggesting that the effect of steroids

on the former is at least in part specific for malignant cells of lymphoid origin.

A highly significant difference within the group of stem cell leukemia was

observed between patients with initially low as compared to high white blood

count, the dividing line being at 20,000 cells/mm.,3 the latter having twice

the mean survival of the former. Of the 44 patients achieving survival of 2

years or more only one had an initial white count of more than 20,000. In con-

junction with chromosome studies published elsewhere these findings suggest

that the initial white count is a parameter, possibly of immunologic nature,

indicative of the partial retention or complete loss of control over leukemic

mutant cells. The possibility is discussed, on the basis of theoretical considera-

tions and the observed role of long first remissions in the total survival time,

that conditions and measures taken in the early stages of therapy may be

decisive for the ultimate course. The current evidence for the mutational nature

of acute leukemia permits the theoretical distinction between remission as the

temporary suppression of a mutant stem line as opposed to a “cure” repre-

senting its permanent elimination, and to explain occasional apparent cures,

including some observed in the present series, on that basis.

Clinically, combined cyclic therapy or CCT appears to be superior to the

use of single antimetabolites. The withholding of steroids until these drugs be-

come ineffective does not at present appear justified.
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SUMMARIO IN INTERLINGUA

Es describite le resultatos de novem annos de experientia in le tractamento

de acute leucemia de cellulas primordial ( lymphoblastic ) con un combination

de steroides e antimetabolitos designate como “composite therapia cyclic.”

Le signification #{149}theoricdel constatationes es discutite. Inter 175 patientes

supervivente plus que tin mense post le diagnose, 50 pro cento superviveva

17,2 menses, 25 pro cento 27,5 menses, e 10 pro cento 45,0 menses. Sex

patientes esseva vive in non-interrumpite remission al fin del studio inter

(jitatro e novem anos post le diagnose. Le superviventia medie del patientes
morte esseva 17,7 menses, con tin valor median de 14,5 menses. Le duration

medie del prime remission esseva 15,2 menses, con un valor median de 12,5

menses.

Le responsa therapeutic-reflectite in le frequentia del remissiones e le

cifra total de superviventias-esseva significativmente melior n casos de

leucemia de cellulas primordial (secundo le definition cytologic al tempore

del diagnose original) que in le altere typos. Isto suggere que le effecto de

steroides in leucemia del primo-mentionate typo es al minus partialmente

specific pro cellulas maligne de origine lymphoide.

Un altemente significative differentia intra le gruppo del casos de leucemia

de cellulas primordial esseva observate inter le patientes con initialmente basse

e illes con initialmente alte numerationes de leucocytos. Le linea de division

esseva a 20.000 cellulas per mm’, e in le casos supra iste valor le superviventia

medie esseva duo vices illo del casos infra ille valor. Inter le 44 patientes con

un superviventia de duo annos o plus, tin sol habeva habite un initial numera-

tion leucocytic de plus que 20.000. Iste constatationes, conjunctemente con

studios de chromosomas publicate alterubi, suggere que le initial numeration

leucocytic es un parametro, possibilemente de natura immunologic, que re-

flecte le retention partial o le perdita complete del dominio super le mutante

cellulas leucemic. Es discutite le possibilitate-a base de considerationes

theoric e del observate rob de probongate remissiones initial in le tempore

total del superviventia-que le conditiones e le mesuras prendite durante le

precoce phases del therapia es decisive pro le ultime curso del morbo. Le

currentemente disponibile evidentia pro le natura mutational de leucemia

acute permitte le distinction theoric inter remission-como suppression

temporari de un mutante linea de cellulas-e curation-como elimination

permanente de illo. Le evidentia etiam servi a explicar le occurrentia occasion-

al de un curation apparente. Isto vale in particular pro certe casos in le

presente serie.

Ab le puncto de vista clinic, le composite therapia cyclic pare esser superior

al uso de antimetabolitos individual. Le non-uso de steroides (usque ad un

tempore quando iste pharmacos ha perdite br efficacia) non pare esser

justificate.
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