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Forty years ago, Farber and associates 
described temporary remissions of acute 
leukemia in children produced by folic 
acid antagonists [13]. This ignited the 
hope that this most frequent and always 
fatal childhood cancer might be curable 
by drugs. Twenty years ago, Aur and as
sociates completed accession of patients 
to total therapy study V, the first treat
ment protocol to result in 50% cure of 
acute lymphoid leukemia (ALL) [3]. 
Their results stand 20 years later (Fig. 1), 
and have been reproduced throughout 
the world in many thousands of children 
[6]. More important, recent national vital 
statistics of the United States and the 
United Kingdom indicate a 50% reduc
tion in childhood leukemia mortality [4, 
29]. Further, the cured children generally 
enjoy a normal life-style without need for 
medication. 

In the past 20 years, efforts have been 
directed at improving the cure rate of 
ALL while simplifying curative treat
ment, reducing its side effects, and im
proving its availability and accessibility. 
In a Stohlman Lecture at Wilsede 10 
years ago the following statement was 
made [32]: 

- The most significant opportunity for 
improving the treatment of acute 
lymphoid leukemia in the past five 
years has been its biological and clini
cal classification by immunological 
cell surface markers. This allows spe
cies identification of the leukemia cells, 
the first step toward developing 
specific cytocidal or cytostatic therapy. 

The University of Texas M.D. Anderson Can
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The purpose of this communication is 
to review progress in immunophenotype
specific therapy of ALL, to discuss some 
alternate methods of guiding treatment, 
and to introduce the notion of genotype
specific chemotherapy of ALL. 

A. Immunophenotype-Specific Therapy 
of ALL 

1. Historical Perspective 

When the first effective drugs were used 
to treat acute leukemia it became appar
ent that some cases were more responsive 
than others [12]. Methotrexate, pred
nisone, or mercaptopurine were most 
likely to produce remissions in children 
with ALL. Adults with ALL were less 
likely to experience remission. Both chil
dren and adults with acute nonlymphoid 
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Fig. 1. Event-free survival (EFS) of 35 con
secutive children with acute lymphoid 
leukemia admitted to St. Jude Children's Re
search Hospital from December 1967 to June 
1968. Approximately one-half remain contin
uously free of leukemia for 20 years and off 
therapy for 18 years. Update of [3], kindly 
provided by Gaston Rivera 
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leukemia (ANLL) had few remISSIons 
with these agents. Some hematologists 
concluded that chemotherapy was of 
little use in adult acute leukemia and was 
perhaps better withheld in ANLL, in 
children as well as adults. 

With the introduction of daunorubicin 
and cytarabine in the 1960s it became 
apparent that these drugs were highly ac
tive in the majority of patients with AN
LL, especially when combined [18]. On 
the other hand, their value in childhood 
ALL was not so apparent. The concept 
of species-specific therapy was thus 
evolved and it became customary to uti
lize prednisone, vincristine, methotrex
ate, and mercaptopurine as the primary 
drugs for ALL, and daunorubicin and 
cytarabine as the mainstay of treatment 
of ANLL. 

II. Species-Specific Therapy 
of T-Cell ALL 

When T-cell ALL was first defined it was 
noted that children with this disease had 
short remissions and high mortality com
pared with children who had non-TALL 
[43]. These observations were generally 
confirmed by others. However, in mice 
it was demonstrated that cyclophos
phamide and cytarabine were more effec
tive in AKR leukemia, a T-cell line, and 
Sullivan et al. suggested that cytarabine 
was specifically effective in human T-cell 
lymphoma/leukemia [42, 47]. A compar
ative study in children with ALL in re
mission demonstrated that the cure rate 
of T-cell ALL approached that of non-T 
ALL when the T-cell patients received 
cyclophosphamide and cytarabine in ad
dition to methotrexate and mercapto
purine [26]. On the other hand, the cy
clophosphamide and cytarabine provid
ed no curative benefit, only additional 
toxicity, to children with non-T ALL re
ceiving methotrexate and mercapto
purine. Thus, it became clear that im
munophenotype of ALL was important 
in selecting and scheduling curative drug 
therapy. 
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The importance of immunopheno
type-specific chemotherapy of T-cell 
lymphoma/leukemia was confirmed in a 
recent Pediatric Oncology Group study 
[1]. With a treatment plan that empha
sizes the use of cytarabine, cyclophos
phamide, Adriamycin, and teniposide, 
and excludes systemic methotrexate, ac
tuarial event-free survival for 94 children 
with T-cell ALL is 71 % at 18 months. 
Since most relapses of T-cell ALL occur 
within 18 months this is a meaningful 
figure. 

III. Species-Specific Therapy 
of B-Cell ALL 

When B-cell ALL was defined its rapidly 
fatal course despite chemotherapy was 
noted and confirmed [15]. However, two 
reports indicate that distinctive treat
ment plans emphasizing the use of cy
clophosphamide, the most active agent in 
childhood B-cell lymphoma/ALL, and a 
concentrated, relatively brief multiple
drug program, result in a 40% cure rate 
[14, 30]. A Pediatric Oncology Group 
study appears to be confirming these ob
servations (Bowman, personal communi
cation). 

IV. Species-Specific Therapy 
of Non-T Non-B ALL 

The question rises whether species
specific therapy of subclasses of non-T 
non-B ALL might be appropriate. As 
with T-cell ALL and B-cell ALL, the first 
suggestion of the need for specific thera
py is the appearance of an association 
between immunophenotype and progno
sis on a given treatment regimen. Just as 
T-cell ALL and B-cell ALL demonstrat
ed short remissions and very high mortal
ity in early treatment programs, two im
munophenotypic species ofnon-T non-B 
ALL have had less favorable courses in 
more recent studies. First is the "null" or 
pre-B lymphoid/monocytoid species as
sociated with age less than 1 year, low 
CALLA antigen, chromosomal translo
cations involving chromosome 11, band 



Table 1. Species-specific therapy, non-T, non-B ALL, treatment plan 

Remission induction - 6 weeks 

Days 1-28: prednisone, vincristine, asparaginase, triple intrathecal therapy 
Days 29-42: mercaptopurine, triple intrathecal therapy 

Continuation therapy - 2 - 21'2 years 
Methotrexate weekly, mercaptopurine daily 
Periodic triple intrathecal therapy 
Periodic pulses of prednisone, vincristine, asparaginase 

Periodic intensive therapy - during continuation chemotherapy 
Early pre-B Intermediate dosage methotrexate 
Early pre-B/monocytoid Intermediate dosage etoposide+cytarabine 
Early pre-BIT cell Intermediate dosage methotrexate 

Intermediate dosage cyclophosphamide + cytarabine 
Pre-B Intermediate dosage methotrexate + cytarabine 

Intermediate dosage cyclophosphamide 

The systemically administered mercaptopurine, methotrexate, cytarabine, cyclophosphamide, 
and etoposide are given in maximum tolerated dosage, using clinical status, absolute phagocyte 
count, and mean corpuscular volume as guides 

q 23, presence of myeloid antigens, and 
monocytoid characteristics by electron 
microscopy and cell culture [23]. Second 
is pre-B ALL, which demonstrates cyto
plasmic immunoglobulin and is some
times associated with a t(1;19) chromoso
mal translocation [35]. A species ofT-cell 
ALL that demonstrates CALLA antigen 
is reported to have a cure rate between 
that of T-cell ALL and common ALL on 
traditional therapy [9]. 

At UT MD Anderson Cancer Center a 
pilot protocol was designed and initiated 
for children newly diagnosed with non-T 
non-B ALL that provides different peri
odic consolidation therapy for four dif
ferent species: common (early pre-B 
CALLA + ), null (early pre-B lymphoid/ 
monocytoid), early pre-B CALLA + and 
thymic antigen +, and pre-B (Table 1). 
Each of the four regimens utilizes period
ic consolidation drugs and drug sched
ules that are currently believed to be 
most effective for these specific subclass
es, while retaining a core of conventional 
continuation therapy with daily mercap
topurine, weekly methotrexate, pulses of 
prednisone, vincristine and asparaginase, 
and periodic triple-intrathecal therapy. 

Early results suggest the feasibility of this 
pilot protocol. Of 26 consecutive children 
registered in the past 18 months, 24 de
veloped complete remission. None have 
experienced relapse yet. 

In summary, immunophenotype
specific selection and scheduling of 
chemotherapy has proven to be impor
tant for increasing the cure rate of T-cell 
and B-cell ALL. It may also be applica
ble to upgrading the curability of null 
ALL and pre-B ALL as well. Almost as 
important, immunophenotype-specific 
therapy allows one to exclude nonessen
tial antineoplastic drugs from the combi
nation chemotherapy regimens of ALL, 
thus avoiding unnecessary immediate 
and long-term toxic hazards. The prime 
example is hyperdiploid common ALL, 
which is highly curable with methotrex
ate and mercaptopurine continuation 
chemotherapy [6, 49]. There is no evi
dence that addition of anthracyclines or 
alkylating agents improves its cure rate 
[5]. Therefore, there is no reason to ex
pose these highly vulnerable pre-school 
children to the risks of anthracycline car
diomyopathy or cyclophosphamide-in
duced bladder carcinoma [27, 31]. 
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B. Selection and Scheduling Chemo
therapy by "Prognostic Factors" 

It was recognized decades ago that initial 
white blood cell count was predictive of 
response to leukemia chemotherapy [51]. 
Subsequently, other factors were identi
fied and the term "high risk for treatment 
failure" was coined for patients with 
ALL who had such features [2]. It was 
suggested that more extensive remission 
induction chemotherapy be administered 
to such patients. Since then, terms such 
as "standard risk," "low risk," and "high 
risk" have become popular to define 
prognostic categories of patients with 
ALL and to select and schedule their 
chemotherapy [46]. In general, patients 
with "high-risk" ALL are given more 
drugs in higher dosage, particularly such 
agents as anthracyclines, alkylating com
pounds, and epipodophyllotoxins. Pa
tients with "low-risk" ALL are given 
fewer drugs in lesser dosage, primarily 
corticosteroid, vinca alkaloid, and an
timetabolites. In some treatment pro
grams the decision to use cranial irradia
tion is based on "risk group" [46]. 

The problem with using prognostic 
factors to select therapy is that they are 
artifacts of data analysis and treatment 
[33, 34]. More aggressive and rapidly 
proliferating ALL tends to relapse early; 
less aggressive and slowly proliferating 
ALL tends to relapse late. When com
plete remission duration is used as the 
criterion for assessing prognostic factors 
undue weight is given to features associ
ated with remission duration rather than 
to the true measure of efficacy of thera
py, cure, as represented by the plateau of 
continuous complete remission. This 
problem with the use of prognostic fac
tors could be corrected by using cure rate 
instead of remission duration to calculate 
prognostic variants. 

However, the more important issue is 
treatment artifact. All leukemias are fatal 
when untreated. Survival and cure de
pend on the administration of appro
priate drugs in appropriate schedules. 
For example, when T-cell ALL was 
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treated with conventional non-TALL 
chemotherapy it had a rapidly fatal 
course in most patients [26]. Features as
sociated with T-cell ALL such as thymic 
mass, male sex, high white cell count, and 
older age were calculated to be "high
risk" or "bad-prognosis" factors. With 
appropriate chemotherapy ofT-cell ALL 
these "risk factors" largely disappear. 

In conclusion, there is no evidence that 
one type of ALL is inherently more lethal 
than another. All are equally lethal. Cure 
of ALL is solely a matter of developing 
and selecting the appropriate drug regi
mens for each specific type of ALL. The 
use of prognostic factors to guide 
leukemia therapy should be abandoned 
because it is based on artifacts and can 
give rise to erroneous conclusions. 

C. All-Inclusive Multiple~Drug 
Chemotherapy for All ALL 

Another method of selecting therapy for 
ALL is to avoid selection, but to give all 
patients all active antineoplastic drugs 
without regard to immunophenotypic 
species [37]. This approach carries multi
ple problems. 

Unlike antibiotics, most antineoplastic 
drugs have overlapping short-term side 
effects. Administration of one drug usu
ally interferes with the dosage of the oth
er. If minimally effective or noneffective 
drugs are included in a combination, the 
dosage of the more effective drugs gener
ally must be reduced. If numerous drugs 
with overlapping toxicities are utilized it 
is possible that the most effective drug or 
drugs may be given at minimally effective 
dosages and their benefit compromised 
or lost. Exposure to suboptimal dosage 
of drugs is an important mechanism of 
developing resistant cell lines in vitro and 
could be a mechanism in vivo. 

In some all-inclusive multiple-drug 
regimens, drugs or drug combinations 
are alternated in order to minimize re
duction of drug dosages [37]. The prob
lem with this technique is that the 
leukemia, in effect, may be untreated or 



minimally treated during those intervals 
when drugs of minimal or no efficacy for 
that particular leukemia are being given. 
One might postulate the possibility of 
resurgence of leukemia cell proliferation 
during such periods of minimally effec
tive or noneffective therapy. 

A theoretical objection to the use of 
multiple drugs is the possibility of antag
onistic interactions that might subtract 
from the efficacy of a given drug [21]. 
Little is known about subtractive drug 
interactions in human cancer chemother
apy. One would assume that the risk of 
such interactions would increase geomet
rically with linear increase in the number 
of drugs administered. 

A major concern of cancer chemother
apy in children is the prospect of serious 
long-term sequelae. As noted previously, 
of special concern are the anthracyclines 
and the alkylating agents. In one study of 
children surviving ALL, 55% of those 
who had received doxorubicin demon
strated abnormal left ventricular func
tion and/or afterload by echocardiogra
phy [27]. Cyclophosphamide not only 
produces sterility but carries a 10% risk 
of urinary bladder carcinoma 12 years 
later [31]. To exemplify this concern, it is 
known that children with hyperdiploid 
common ALL have a 70% or greater 
cure rate without alkylating agents or an
thracyclines [6, 49]. The only compara
tive studies reported have failed to 
demonstrate that these agents contribute 
to the cure of common ALL in first re
mission [5]. For these reasons they 
should be avoided in children with hyper
diploid common ALL who are newly di
agnosed or in first remission. The same 
can be said for any drug with demon
strated serious sequelae that has failed 
comparative testing for its value in con
tributing to the cure of a specific type of 
ALL. 

A final objection to the all-inclusive 
multiple-drug chemotherapy approach is 
its excessive complexity and cost. This 
tends to limit the availability and accessi
bility of curative leukemia therapy to 
more privileged patients and more privi-

leged nations. The objective of leukemia 
therapy is to reduce national and world 
leukemia mortality, not only that of well
financed medical centers. 

D. Genotype-Specific Therapy of ALL 

1. Acute Leukemias Are Genetic 
Disorders of Hematopoietic Cells 

The most important advance in leukemia 
therapy in the past 10 years is the re
newed realization that leukemias are ge
netic disorders of hematopoiesis [34, 38, 
41]. Their abnormal morphology, im
munophenotype, growth, and function 
are all reflections of their genetic abnor
malities. This opens a pathway of drug 
therapy specific to their genetic proper
ties, aimed at converting their genetic ad
vantages to liabilities. 

The evidence that acute leukemias are 
genetic disorders is convincing [34]. The 
risk of leukemia is increased in certain 
constitutional genetic disorders such as 
Down's, Fanconi's, and Bloom's syn
dromes and in persons exposed to muta
gens such as ionizing irradiation. The 
morphology of leukemia cells tends to be 
disorderly and asynchronous, reflecting 
disordered genetic expression. Chromo
some morphology is disturbed in most 
acute leukemias [41]. Nonrandom chro
mosome abnormalities are associated 
with specific types of acute leukemia, 
such as the t(1;19) translocation in pre-B 
ALL, the t(8;14) in B-cell ALL, and the 
t(15;17) in acute promyeloid leukemia [7, 
35, 38]. 

Immunophenotypic and molecular ge
netic disorders are also prevalent in acute 
leukemias [20, 34, 45]. Some ALLs ex
press surface antigens characteristic of 
B-cell and T-cell lineage simultaneous
ly. Early pre-B-(common) ALL often 
demonstrates rearrangement of genes en
coding the T-cell receptor while T-cell 
ALL may show gene rearrangement for 
immunoglobulins. It is now obvious that 
ALLs do not have true B-Iymphocyte or 
T -lymphocyte lineage. Their genetic and 
phenotypic immunological markers are 
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merely further reflections of their under
lying genetic disorders. ALL is a genetic, 
not an immunological, disease. 

The most recent evidence that acute 
leukemias are genetic disorders is the dis
covery of overexpression of certain onco
genes in some cases, for example, c-myc 
in B-cell ALL and c-sis in acute mega
karyocytic leukemia [7, 48]. 

II. Chemotherapy May Cure Acute 
Leukemia by Genetic Mechanisms 
Although chemotherapy appears to in
duce remissions of acute leukemia by di
rect cytolytic effects, it is possible to spec
ulate that cures result from genetic alter
ation during chemotherapy [34]. Cura
tive drugs such as methotrexate, cyt~~a
bine, cyclophosphamide, daunorublcm, 
and etoposide alter DNA structure as 
well as synthesis, while drugs without di
rect effect on DNA such as prednisone, 
vincristine, and asparaginase do not ap-
pear to be cura ti ve. . 

Secondly, curative chemotherapy ehm
inates genetically disturbed hemato
poiesis but spares the capacity for geneti
cally normal hematopoiesis [34]. The 
best example is the lymphoblastic and 
lymphocytic hyperplasia noted in the 
bone marrow of children with ALL after 
cessation of chemotherapy. Sometimes 
the frequency of CALLA + lympho
blasts in these children is sufficient to 
cause confusion with relapse. 

Finally, the curative capacity of 
chemotherapy is strongly related to the 
genotype of the leukemia [34, 41]. For 
example, methotrexate and merca~to
purine is a highly curative drug combma
tion in hyperdiploid common ALL, but 
not in common ALL with a t(9;22) 
translocation [45, 49]. Daunorubicin and 
cytarabine is more often curative in acute 
myeloid leukemia (AML) wit~ a t(8;2~) 
translocation than in AML WIthout thIS 
translocation [41]. It is possible that 
leukemia chemotherapy, when it is cura
tive, is more specific in affecting the ge
netic mechanism or genetic survival of 
leukemia strains than we have recog
nized. 
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III. Rationale for Genotype-Specific 
Therapy of ALL 

The basis for attempting to target 
chemotherapy of ALL to its genotypic 
characteristics is severalfold. First is the 
convincing evidence that acute leuke~i~s 
are genetic disorders of hematopOIetIc 
cells [34]. Their morphology, immuno
logical markers, growth rate, an~ other 
phenotypic properties are reflechons of 
their specific genetic disorders. 

Secondly, genetic properties are the 
most significant variables in curability b.y 
a given therapeutic regimen [6, 49]. ThIS 
indicates that therapeutic regimens 
should be varied in accordance with the 
genetic properties of the leukemias in or
der to achieve optimal cure rates. For 
example, common ALL with a t(~;22) 
translocation needs to be treated dIffer
ently than common ALL with hYI?er
diploidy in order that the t(9;22) varIety 
becomes as curable as the hyperdiploid 
type. . 

Thirdly, the current practIces of alter
ing chemotherapy regimens in accor
dance with morphology (ALL vs. AN
LL), immunophenotype (T cell vs. B 
cell), and aggressiveness (white blood c~ll 
count) in fact do recognize genotypIC 
properties because all these features re
flect the genetic disorders. It would a~
pear more rational to aim treatment dI
rectly at the genetic disorders that under
ly these features as we learn to define 
these disorders more precisely. 

Finally, as noted above, there is reason 
to speculate that chemotherapy 'p:oduces 
remissions by direct cytOtOXICIty but 
cures by genetic alteration. 

IV. Relationships Between Genotype 
and Drug Efficacy in ALL 

The relationships between the known 
genotypes of acute lymphoid leukem~as 
and what appear to be the most effect.lve 
drugs and drug combinations for cunng 
them are summarized in Table 2. The 
data are yet fragmentary, only the begin
ning of an approach at targeting drug 
therapy to the genetic disorders of the 



Table 2. Genotype and drug curability, acute lymphoid leukemia 

Phenotype Chromosomal Involved genes Curative drugs References 
rearrangemen ts 

Common Hyperdiploid y ? Methotrexate + [6, 49] 
mercaptopurine 

t(9;22) (q34;q11) c-abl, bcr ? [6, 39,45] 

Pre-B t(l; 19) (q23;p13) Insulin receptor Ct Methotrexate + [50] 
cytarabine (?) 

T cell t(10;14) (q24;ql1) lcr Ct, TdT (?) Cytarabine + [8, 10, 11] 
cyclophosphamide 

t(11;14) (p13;ql1) lcr Ct, WT (?) [16, 25, 26] 
t(8; 14) (q24;ql1) lcr Ct, c-myc 
t(1;14) (p32;ql1) lcr Ct 

inv (14) (ql1; q32) lcr Ct, Jg J.l 

t (1; 7) (p32; q32) 

} t (2; 7) (p21; q36) lcr P [36] 
t (6; 7) (p21; q36) 

B cell t (8; 14) (q24; q32) Jg j.l, c-myc Cyclophosphamide [7, 14, 30] 
t(8;22) (q24;ql1) Jg A, c-myc 
t (2; 8) (pll; q24) Jg K, c-myc 

Null t (4; 11) (q21; q23) IP-l0 Epipodophyl- [17,19,23,28] 
c-els-l (?) lotoxins 

t(1;2; 11) (p36;p13;q21) c-fgr (?) 
c-src-2 (?) [40] 
c-els-l (?) 

t(ll; 19) (q23;p13) 

} t(l; 11) (p32;q23) c-els-l (?) [22] 
t(10; 11) (p15;q23) 

Many of the molecular genetic and drug data are unconfirmed or speculative 

leukemias rather than to the phenotypic 
features that reflect the genetic disorders. 
As breakpoints of chromosomal translo
cations are defined in molecular terms 
and it becomes possible to classify 
leukemias as specific molecular genetic 
disorders it is to be expected that 
leukemias without apparent chromoso
mal rearrangements will be shown to 
have rearrangements of genes similar to 
those that do have the chromosomal 
changes. This has already been described 
in adult-type chronic myeloid leukemia 
where cases without the typical t(9;22) 
translocation have the same ber-abl rear
rangement that occurs in those with the 
translocation [24, 44]. As the acute 
leukemias become better defined in 
molecular genetic terms it seems plausi-

ble that genotype-specific therapy will' 
become more apparent and feasible. 

E. Summary 

In the past 10 years immunophenotyping 
of ALL has been demonstrated to be use
ful for selecting and scheduling 
chemotherapy. Different drug regimens 
are now used for T-cell and B-cell ALL 
than for non-T non-B ALL with the re
sult that survival and cure of T-cell and 
B-cell ALL have been considerably im
proved. The use of different drug regi
mens for different immunophenotypic 
varieties of non-T non-BALL is being 
tested. 
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"Prognostic factors" of ALL are arti
facts of data analysis and treatment and 
should no longer be used for guiding 
treatment. The administration of all-in
clusive multiple-drug therapy to all pa
tients with ALL regardless of species 
should also be abandoned. Minimally ef
fective drugs can interfere with dosage 
and continuity of more effective drugs, 
and can result in side effects and sequelae 
that increase the mortality and morbidity 
of treatment. 

Since acute leukemias are genetic dis
orders of hematopoiesis the future direc
tion of leukemic therapy is toward genet
ic targeting. 
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