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Acute lymphoblastic leukemia (ALL) is the most
common type of cancer in children. Although it
may affect children of any age, there is a peak

modal distribution between 3 and 6 years. The present-
ing features may be quite variable but in most case the
diagnosis is promptly reached by morphological exam-
ination of a bone marrow aspirate. 

Recent advances in the treatment of childhood ALL
may be regarded as a paradigm of the effectiveness of
medical science in the management of formerly incur-
able diseases. Starting from the middle of the last cen-
tury, optimal use of the few antileukemic agents
already available at that time, together with improved
skills in patient stratification and better supportive
therapy produced a steady improvement in treatment
outcome, so that the current cure rate is now about
80%.1,2

Identification of patients with different risks of an
adverse prognosis

In order to provide treatment that is appropriate for
the individual risk of treatment failure, i.e. less aggres-
sive in patients at lower risk and more aggressive in
patients at higher risk, presenting features, such as age
and leukocyte count, have been traditionally consid-
ered. These features have been used to define standard,
intermediate, and high risk groups of patients. Patients
with B-cell precursor ALL, an age between 1 and 9
years old, and a leukocyte count <50×109/L, usually
belong to the standard-risk group.3 Additional factors
such as race or immunophenotype, have also been
widely considered. Yet, as expected, most of the prog-
nostic factors appear to be strictly dependent on the
efficacy of the treatment applied. Thus, for mature B-
cell leukemia lost its adverse prognostic value many
years ago and the  risk of treatment failure in T-cell ALL
is now also comparable to that  in case of ALL B-cell
precursor as BCP cases. 

Clonal genetic abnormalities 
It has been known for many years that certain genet-

ic abnormalities are associated with different prog-
noses.4-5 About one half of children with ALL have B-
cell precursor ALL, more than 50 chromosomes (hyper-
diploidy), and translocation t(12;21) leading to the TEL-
AML1 fusion gene; such children are generally consid-
ered to have a favorable prognosis in most contempo-
rary therapeutic settings,6 although this belief has been
questioned by some groups. About one half of patients
with T-ALL harbor mutations of NOTCH17 but the
prognostic relevance of this has not yet been clarified. 

The Pediatric Oncology Group, as well as other
groups, reported that a blast DNA index between 1.16
and 1.6 is associated with a favorable prognosis.
Trisomies 4, 10, and 17 also confer a better prognosis.8-10

In contrast, patients with fewer than 45 chromo-
somes (hypodiploidy), which occur in no more than
2% of cases, have a dismal prognosis. The transloca-
tion t(4;11) and the MLL-AF4 fusion gene are observed
in about one half of children younger than 1 year old;
these infants have a very poor prognosis. The translo-
cation t(9;22) and the BCR-ABL fusion are common in
adults but present in only 2.5% of cases of childhood
ALL; the prognosis of these children is not uniform,
being very poor in some of them, particularly those
aged 10 years or more, and with a leukocyte count of
>50×109/L.11

Factors influencing drug disposal in the host 
Several drugs have been the focus of pharmacokinet-

ic studies, aimed at targeting the plasma levels in the
hope of providing optimal individual levels to each
patient. The St. Jude Children’s Research Hospital in
Memphis (USA) has been a pioneer in this field.12 Their
studies suggested that antimetabolites may have differ-
ent effects in patients with specific genetic polymor-
phisms due to rapid clearance or inactivation, affecting
the treatment outcome. However, the ultimate prog-
nostic relevance of such genetic polymorphisms may
be hard to predict becausse of the use of combination
therapy.

In vivo response to therapy
It is easy to expect that a patient who responds to

antileukemic therapy could have a better prognosis.
Yet, having this information after completion of treat-
ment is of little help for the leukemia specialist who
must choose the treatment and possibly minimize its
toxicity. 

The Berlin-Frankfurt-Münster (BFM) co-operative
group introduced the concept of an initial window of
treatment with prednisone, escalating from 20 to 60
mg/m2, and one age-adjusted dose of intrathecal
methotrexate. This provided the opportunity not only
to have a milder start of cytoreduction, particularly use-
ful in patients with a very high leukocyte count, but
also to test the in vivo sensitivity of leukemic blasts to
steroid-induced apoptosis. Patients with more rapid
blast clearance in the peripheral blood (e.g. <1×109

blasts/L on day 8) were defined as prednisone-good-
responders, and definitely had a more favorable out-
come, while the remaining 10% patients (prednisone-
poor-responders) had a higher probability of early or late
treatment failure.13 This concept has been widely used
in clinical practice to stratify patients by all groups
using BFM-type chemotherapy. As reported in this
issue of the journal, this concept was extended by the
Tokyo Children’s Cancer Study Group (TCCSG), with
the finding that patients with no blasts in the peripher-
al blood on day 8, who accounted for one third of all
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the cases, had an excellent outcome with over 90% sur-
viving at 4 years.14

One main next step for evaluation is the achievement
of morphological remission by the end of induction
therapy, usually between day 28 and 42. It is well
known that patients failing to have <5% blasts in the
bone marrow, as assessed by morphology, have a dis-
mal prognosis, although many of them may have a
chance to achieve morphological remission by subse-
quent chemotherapy, thus opening the way to alterna-
tive modalities of consolidation. 

During the last decade, measurement of blast reduc-
tion during the first weeks became a relevant issue.
Morphological evaluation is not sufficiently accurate
for this purpose and methods aimed at detecting of lim-
ited numbers of blast cells (minimal residual disease) in
the bone marrow, or even in the peripheral blood, have
been explored. Such methods may provide the advan-
tage of an early information allowing significant modi-
fications of the treatment schedule according to the
prognostic indications. Both flow cytometry and poly-
merase chain reaction (PCR) analysis have been used
for the detection of minimal residual disease. Patients
with leukemic blast concentrations below 0.01% by
the end of induction therapy have a good prognosis
because of their low risk of relapse. Contrariwise,
when the concentration of leukemic blasts is 10% on
day 15, or 1% by the end of induction therapy or later
on, the risk of leukemia relapse is very high.15-16

PCR analysis is a very sensitive method for identify-
ing very low risk patients, although it is very expensive
and time-consuming, and up to 20% of patients may be
ineligible for technical reasons by the more stringent
protocols of analysis. Its extensive use in the AIEOP-
BFM-ALL 2000 stydy recently provided evidence that
PCR analysis can discriminate patients with different
prognoses even within groups defined as non-high risk
by traditional criteria.17 Flow cytometry appears a very
promising technique for the detection of minimal resid-
ual disease, is relatively cheap and almost all patients
can be studied within hours. Its extensive clinical use
by the St. Jude Children’s Research Hospital in
Memphis demonstrated its feasibility in a single, large
institution. More recently, two large co-operative stud-
ies have confirmed the feasibility of this method in
children with ALL.18-20

Front-line treatment of childhood acute 
lymphoblastic leukemia

With the only exception of patients with mature B-
cell ALL, for whom a specific short and very intense
chemotherapy program has been developed by most
groups, all patients with childhood ALL are treated
according to a similar strategy. Front-line therapy con-
sists of several phases, with different aims; initial induc-
tion (of the first remission) therapy is delivered over 4-5
weeks; central nervous system (CNS)-directed therapy
is administered to prevent meningeal progression or
relapse; intensive post-remission chemotherapy is
aimed at reducing residual leukemia; finally continua-
tion therapy provides further reduction of the risk of
relapse.

Induction therapy
Most leukemia specialists consider that initial cytore-

duction in the range of two-logs, leaving a residual blast
count of less than 5% by the end of induction therapy,
is crucial for a final cure. To achieve this goal, and thus
restore normal hematopoiesis and decrease the risk of
infection, a combination of three to five drugs is deliv-
ered over 4-5 weeks. All of the current regimens
include weekly vincristine and daily steroids. Yet,
despite their wide and long-lasting use, there is still
great debate on the optimal type and dosage of
steroids. Traditionally, oral prednisone at a dose of 40
mg/m2 for 28 days has been considered the standard by
many groups. Yet, we now have clear evidence that
more aggressive steroid therapy provides stronger
leukemia control. The recent introduction of dexam-
ethasone in several co-operative studies has produced a
significant improvement in leukemia control, both by
enhancing the coverage of the so-called extramedullary
spaces (including CNS and testicles) and by preventing
subsequent relapse.20,21,22 The use of high-dose dexam-
ethasone is, however associated with a higher rate of
morbidity, including bacterial and fungal infections,
behavioral alterations, and  avascular necrosis. The
benefits of its use must, therefore, be balanced against
the risks of toxic death and high rates of severe morbid-
ity. At present, whether it is better to use higher doses
of prednisone23 or dexamethasone, at 6 or 10 mg/m2,
remains the object of discussion by many groups.    

The addition of a third or fourth drug, such as
asparaginase or an anthracycline, may not be necessary
in standard risk patients but is definitely of help in
patients at higher risk. Using this strategy, modern tri-
als are able to bring up to 98% of children with ALL
into morphological remission. Whether less intensive
induction therapy may be balanced by a more aggres-
sive subsequent approach has been questioned by
some studies.24

Prophylaxis of meningeal leukemia 
Starting from the middle of the last century, the pio-

neering activity of D. Pinkel at the St. Jude Children’s
Research Hospital provided insights into the potential
of radiotherapy to decrease the treatment failure fre-
quently occurring as a consequence of CNS dissemina-
tion in patients during apparent control of disease in
the bone marrow The benefit of radiotherapy is, how-
ever outweighed by the occurrence of secondary neo-
plasms – especially CNS tumors in the irradiated field –
endocrine and growth disorders, and neurocognitive
dysfunction. St. Jude Children’s Research Hospital doc-
umented that previous irradiation in subjects cured
from childhood ALL was associated with a 20.9%
cumulative risk of second neoplasms at 30 years,
together with higher mortality and unemployment
rates than those in the general population.25

Nowadays, continuous improvement in the efficacy
of chemotherapy has allowed irradiation for CNS pro-
phylaxis to be replaced by a wider use of dexametha-
sone, high-dose methotrexate and extended intrathecal
chemotherapy.26

Methotrexate at medium to high doses is frequently
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used during this phase because of its ability to diffuse
in the CNS. It has been documented that high-dose
methotrexate improves the outcome in patients with T-
cell ALL,  because of a lower accumulation of the active
polyglutamated metabolite in T-cell ALL than in B-cell
precursor ALL. Comparably, patients with TEL-AML1
or E2A-PBX1 may also benefit from higher doses of
methotrexate.

High-dose methotrexate is not, however, completely
free from toxicity. Patients receiving higher doses and
more courses of intravenous metrotrexate were found
to be at a higher risk of leukoencephalopathy; although
many of the cerebral changes resolved after completion
of therapy, their effects on neurocognitive function and
quality of life in survivors remain to be determined.27

Cranial irradiation is still indicated for a small minor-
ity of patients from selected subgroups, such as those
with T-cell ALL presenting with leukocyte counts
>100×109/L,28 or CNS disease, or failure to achieve
remission. The hypothesis of reducing the radiation
dose to 12 Gy for prophylaxis and to 18 Gy for those
with CNS disease is still supported only by limited
experience, mainly from the BFM group. 

Intrathecal chemotherapy with methotrexate is thus,
at present, the standard for all patients, at least during
the first 6-12 months of treatment. The duration of
intrathecal therapy should also be adjusted depending
on the use of radiotherapy and some high-dose agents.
Careful attention should be paid to the prevention of
traumatic lumbar punctures, especially at diagnosis,
when patients may have abundant circulating blasts.27

In parallel, irradiation has been used for treatment of
testicular leukemia. At present, some institutions sug-
gest that it may be omitted provided effective systemic
chemotherapy is given.29

Late intensification or reinduction
It is a commonly accepted concept that patients in

apparent complete remission still have minimal resid-
ual disease. Thus, exposure to intensification therapy
may provide additional and possibly final leukemia
control. To this purpose, many groups utilize a treat-
ment program that includes drugs identical or very sim-
ilar to those used in induction. The value of late inten-
sification or reinduction was strongly suggested by early
experience of the BFM group and later confirmed by
other groups.2,4,10,24,30-32 Whether this benefit comes from
re-exposure to vincristine and prednisone was ques-
tioned by the Children’s Cancer Group.24

Exposure to asparaginase as post-induction intensifi-
cation therapy provided excellent results with low
morbidity, including low rates of glucose intolerance
and thrombosis. Several forms of asparaginase are com-
mercially available; since their pharmacokinetic profiles
differ, the ideal dose and frequency of administration of
asparaginases may vary. This has produced some prob-
lems in the interpretation of the results of several ran-
domized trials addressing the role of asparaginase dur-
ing late intensification.33,34

Higher cumulative dose of steroids in adolescents
have been repeatedly associated with a risk of avascu-
lar necrosis, thus suggesting that these drugs should be

administered in alternate weeks to reduce this compli-
cation, which necessitates hip replacement in most
patients.35

Allogeneic hematopoietic stem cell transplantation
Despite recent improvements, some patients with

childhood ALL fail to benefit from modern chemother-
apy. Thus patients who do not achieve remission or
have a leukemia relapse, especially when this occurs
during or soon after treatment completion, have been
addressed to allogeneic hematopoietic stem cell trans-
plantation as an ultimate form of treatment intensifica-
tion, associated also with the benefit of immunotherapy
provided by the donor immunity.   

At present, co-operative efforts have provided large
series of patients evaluable for comparative analysis of
outcome of front-line treatment based on chemothera-
py with or without transplantation. Nevertheless, such
comparisons are often biased by patient selection and
the variable of time to transplantation. In an interna-
tional prospective study comparing transplantation
strategies allocated by genetic randomization, children
with very high-risk ALL benefited more from related-
donor transplantation than from chemotherapy, with a
gap between the two strategies which increased as the
risk profile of the patient worsened.36

In the subset of patients with BCR-ABL-positive ALL
treated during the 1980s and 1990s, transplantation of
bone marrow from an HLA-matched related donor was
superior to other types of transplantation, and to inten-
sive chemotherapy alone, in prolonging initial com-
plete remissions.11 Whether it is beneficial for another
rare subset of ALL patients with a dismal outcome, i.e.
infants with t(4;11), remains controversial.37

Continuous improvements in the techniques of unre-
lated donor selection make this strategy more appeal-
ing for a larger proportion of children with refractory,
as well as relapsed, ALL.38 Thus, the indications for
transplantation should be continuously evaluated in the
light of improvements in this procedure and in
chemotherapy.

Continuation therapy
The real mechanism underlying the protective effect

of continuation therapy on childhood ALL remains
unclear. Whenever treatment duration was shortened
to 12 to 18 months, inferior results were obtained.
Thus, although we have now learned that up to two-
thirds of patients may be cured with only 12 months of
treatment,39 since we are not yet able to recognize them
upfront, the duration of treatment in most current trials
is still at least 24 months.40,41

The most popular combination is daily mercaptop-
urine and weekly methotrexate, orally. It is common
experience that moderate cytopenia and rises in the
concentrations of liver enzymes are promptly
reversible, herald intracellular accumulation of active
metabolites, and are associated with a lower risk of
relapse. Mercaptopurine is more effective when admin-
istered in the evening, and should not be given with
milk or milk products, since xanthine oxidase can
degrade the drug.40 Patients with inherited thiopurine-



S-methyltransferase deficiency show cytopenia and
may require a lower dose of mercaptopurine.41

Intramuscular administration of methotrexate may cir-
cumvent poor compliance in adolescents. 

In an attempt to intensify this treatment component,
dexamethasone and vicnristine pulses have been
administered but with no advantage.42

A potential protective role of extended intrathecal
methotrexate during continuation therapy is likely
blurred when patients have been treated with intensive
chemotherapy schedules. 

Future directions
Given the high cure rate achieved in contemporary

trials, special attention must be paid to the quality of
life of cured children. Thus, many groups are limiting
the use of anthracyclines and alkylating agents in stan-
dard-risk patients. Topo-II inhibitors, such as etopo-
side, have been associated with a risk of secondary
myeloproliferation and their use is, therefore, currently
restricted to very high-risk patients. Patients with asso-
ciated genetic conditions may need special attention;43

for example, patients with Down’s syndrome require
reduction of the dose of methotrexate, and those with
chromosomal instability syndromes are usually exces-
sively sensitive to alkylating agents and irradiation.

The use of imatinib mesylate is currently under
investigation in patients with childhood BCR/ABL-pos-
itive ALL; if its benefit is confirmed, second-generation
ABL kinase inhibitors may enter clinical practice. 

A pegylated form of asparaginase is currently being
tested by several groups in order to reduce the number
of administrations and possibly to increase the efficacy
of the asparaginase. Liposomal encapsulated drugs,
such as anthracyclines, are also being evaluated for
their possible lower toxicity and better diffusion, but
have not, so far reached most frontline schedules.
Clofarabine, a deoxyadenosine analog, was recently
granted approval for use in children with advanced
ALL, thus being the only anticancer drug to receive a
primary indication for use in children over the past
decade. Ongoing studies are exploring the benefit of its
use in combinations in refractory very high risk
patients but also as front-line therapy.44

Finally, experience gained in the management of
childhood ALL is being transferred not only to adoles-
cents, traditionally also cared for in adult hematology
units, but also to young adults, in whom strategies used
for childhood ALL have already proven to be largely of
benefit, although not in all settings.45,46

Monoclonal antibodies against specific epitopes of
ALL blasts have been repeatedly tested but, thus far,
none has become widely used in childhood ALL.
Finally, studies of gene expression profiles and
microRNA, are expected to improve the classification
of ALL and possibly indicate treatment modifications.
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