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Recent advances in management of acute
leukaemia
Judith M Chessells

Abstract
There have been significant improvements in the outlook for children with
acute leukaemia but these advances are
only available to a minority of the world’s
children. There is still room for improvements in conventional chemotherapy and
these need evaluation in randomised
trials. The role of bone marrow transplants in first remission is evolving as
chemotherapy becomes more eVective.
New treatments are needed for relapsed
patients. Molecular diagnosis has refined
the assessment of prognosis but the extra
value aVorded by measurement of minimal residual disease is not clear. International collaboration is needed to
evaluate treatment for rare subtypes of
leukaemia.
(Arch Dis Child 2000;82:438–442)
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Table 1

In the last decade the lessons learned about the
biology of acute leukaemia have begun to have
an impact on the management of patients. The
outlook for children with acute lymphoblastic
leukaemia (ALL) has improved steadily so that
now at least 60–70% of children achieve long
term survival and cure. Recent improvements
in the rarer acute myeloid leukaemia (AML)
have nudged survival rates to about 50%. High
dose therapy and bone marrow transplantation
(BMT) have become safer and more readily
available but treatment for children who
relapse remains unsatisfactory.

Cytogenetic findings in acute leukaemia

Abnormality

Frequency (%
ALL or AML)

Clinical features

Lymphoblastic leukaemia
High hyperdiploidy
Hypodiploidy
t(9;22)—Ph’ chromosome
t(12;21)
t(1;19)
t(4;11) other 11q23
t(8;14)
14q11, 7q35, 7p15

25–35%
5–8%
2–3%
16–22%
5%
5–8%
1–2%
1–2%

Common ALL, good prognosis
Poor prognosis
Poor prognosis
Common ALL, probably good prognosis
Average prognosis
Infant ALL, poor prognosis
B-ALL
All associated with T-ALL

Myeloid leukaemia
t(8;21)
t(15;17)

10–15%
8–15%

Inv16
Monosomy 7
t(9;11) other 11q23

6%
5–7%
8–10%

Good prognosis
Hypergranular promyelocyctic leukaemia,
good prognosis
Good prognosis
Poor prognosis
Young age, monocytic leukaemia

The biology of acute leukaemia
Leukaemia is a clonal disease resulting from
genetic mutations and transformation of a single early progenitor myeloid or lymphoid cell.
Despite much research the causes of acute leukaemia remain largely unknown.1 It is postulated that the common form of lymphoblastic
leukaemia starts with a change in proliferating
early B cells in utero but requires subsequent
genetic damage, perhaps associated with an
unusual response to infection.2
Leukaemic cells may be classified by the use
of monoclonal antibodies and, in ALL, have
the surface antigen profile of either early B or T
lymphoid cells. The cells are also characterised
by a number of non-random genetic abnormalities. The most well known of these is the
Philadelphia chromosome—a translocation between chromosomes 9 and 22 (t9;22) which
was first described in chronic granulocytic leukaemia, but now known to occur in 1–2% of
children with ALL and more than 20% of
adults with ALL.3
Cytogenetic changes in acute leukaemia
were first identified by routine banding techniques, but the advent of fluorescent in situ
hybridisation and molecular techniques has
allowed more sensitive and specific analysis of
genetic abnormalities.4 It has become apparent
that the most common cytogenetic change in
ALL is a cryptic translocation t(12;21), which
cannot be detected on routine cytogenetic
analysis. Immunological and cytogenetic investigation of leukaemias has, in addition to
biological insights, proved extremely helpful
both in diagnosis and risk assessment.Table 1
lists some of the most common non-random
cytogenetic changes in acute leukaemia, in
many of which the precise genetic alterations
have been identified.4
Both immunological and molecular techniques have also been used to measure minimal
residual disease (MRD). The conventional
bone marrow examination, used to assess haematological remission, can only detect at best
3–5% leukaemic blasts in an otherwise normal
bone marrow. Immunological techniques for
measurement of MRD rely on the presence of
aberrant combinations of antigens on the cell
surface. Such combinations are present in
about 60% of acute leukaemias and can probably detect about one in 10−4 cells. The
polymerase chain reaction allows amplification
of RNA or DNA from leukaemic cells with
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Improvements in supportive care
A small but important contributory factor to
improved survival in lymphoblastic leukaemia
is the reduction in treatment related mortality
which has been achieved by improved supportive care. The most important measure is
prompt investigation and treatment of possible
bacterial or fungal infections in severely
neutropenic patients.7 The improved uptake of
measles immunisation in the UK has lead to a
reduction in deaths from this devastating complication of continuing (maintenance) treatment which it is hoped will be sustained. Modern treatment for AML is associated with high
short term toxicity, but the mortality rate
halved in the latter part of the recent AML10
trial, presumably with improved management
of bacterial and fungal infections.8
ROLE OF THE SHARED CARE CENTRE

It is appropriate for all children with leukaemia
to be referred to a tertiary centre for diagnosis,
risk assessment, and treatment planning. The
more intensive phases of treatment should normally be carried out at the tertiary centre.
Continuing (maintenance) therapy remains an
important part of treatment of lymphoblastic
leukaemia and, with appropriate guidelines,
lends itself to shared care, the level of which
should be a matter for local negotiation. The
document on Standards of Care for Children
with Leukaemia, published by the Royal
College of Pathologists (1996), outlined standards for both specialist and shared care centres
and forms a useful basis for future moves
towards standard setting and accreditation.
Acute lymphoblastic leukaemia
The standard “backbone” of treatment for
ALL has remained unchanged for over 25 years
and includes remission induction, treatment to
prevent overt leukaemic infiltration of the central nervous system (CNS directed therapy),
and a period of outpatient based continuing
(maintenance) therapy. The steady improvement in survival of children with ALL is a
result of a number of modifications of this
treatment, the value of which have been
confirmed by randomised clinical trials.

INDUCTION AND INTENSIFICATION

Over 95% of children with ALL achieve remission after three to four weeks of treatment with
oral steroids, weekly intravenous vincristine,
and a third drug, usually L-asparaginase. Large
prospective randomised trials, conducted in
both Europe and North America have shown
that giving one or more courses of intensified
chemotherapy during the first eight to 10
months from diagnosis significantly reduces
the risk of relapse.9 10 This treatment appears to
benefit all children with ALL, including those
whose clinical features suggest a good chance
of cure. There is wide variation between protocols in the choice of drugs, the dose intensity,
and the timing of intensification treatments.
The German Berlin–Frankfurt–Munster collaborative group first pioneered prolonged
lower dose induction/intensification given over
four to six weeks11; this has also been used in
large randomised studies in North America,12
while the MRC have used shorter five day
intensification at five and 20 weeks.13 Recently,
randomised trials both in Europe and North
America, have confirmed the benefit of additional intensive treatment at nine to 10 months
from diagnosis.14 15 There are many continuing
trials designed to try and optimise intensification treatment.
CNS DIRECTED THERAPY

Treatment to prevent overt leukaemic infiltration of the central nervous system is essential
for all children with lymphoblastic leukaemia,
and in many past protocols this comprised a
combination of cranial irradiation and a
courses of about six intrathecal methotrexate
injections. Concerns about potential late effects of treatment, in particular, growth problems and the risk of secondary CNS tumours16
prompted a reappraisal of the role of cranial
irradiation in childhood ALL. EVective prevention of CNS relapse can be achieved in most
children by a course of intrathecal methotrexate injections during the first three months of
treatment, and continuing regular injections
thereafter.17 18 It is unclear whether further
modifications such as combination intrathecal
therapy with hydrocortisone, cytarabine, and
methotrexate19 or the addition of high dose
intravenous dose methotrexate20 improve CNS
protection or event free survival.
Systemic treatment, most notably oral steroid therapy, influences the chance of CNS
relapse. There is evidence from one early study
that oral dexamethasone aVords better CNS
protection than prednisolone,21 and trials in
Europe and North America are investigating
this. Is cranial irradiation essential for any children with ALL, except the 1–2% who have
overt CNS infiltration at presentation? There
are no randomised trials addressing this issue
but it is possible that children with a high leucocyte count at presentation and a poor early
response to treatment and/or T cell
leukaemia22 23 may benefit from irradiation.
CONTINUING (MAINTENANCE) THERAPY

All protocols for ALL still include continuing
(maintenance) treatment for a period of two to
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non-random genetic abnormalities such as
those in table 1 and can detect up to one in 10−5
cells. Many cases of ALL lack one of these
genetic abnormalities but it is possible to
establish a clonal marker by examination of the
pattern of T cell and immunoglobulin gene
receptor rearrangements in the diagnostic
sample. This “patient specific” marker can
then be used to evaluate residual disease on
follow up. It has been shown that persistent
MRD in patients who have received several
months of treatment is associated with an
increased risk of relapse.5 Studies are now in
progress to assess how best to use these
techniques to refine treatment, and whether
they add much additional information to other
measures of response to treatment, such as
speed of clearance of blast cells from blood or
marrow.6
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RISK ASSESSMENT AND CHOICE OF TREATMENT IN
ALL

The assessment of prognostic factors—that is,
clinical and laboratory features at presentation
which influence the chance of sustained
remission—has become very complicated but,
as table 2 illustrates, patients with ALL can be
broadly categorised into three groups. The
approach to treatment discussed above is
appropriate for the majority of children with
ALL—the standard risk group. There is still
room for improvement in this group of patients
and further modifications undergoing trial may
achieve this. Patients in the higher risk group
include all adolescents and younger children
Table 2 Prognostic factors in acute lymphoblastic
leukaemia
Category

Proportion

Features

Standard risk

65%

Higher risk

25%

Highest risk

8–9%

Special

1–2%

Aged 1–9 years inclusive
Leucocyte count <50 × 109/l
No adverse cytogenetics
Aged >10 years
Leucocyte count >50 × 109/l
Infants under one year
Hypodiploidy, Ph'
chromosome
Poor response to induction
B-ALL

with higher leucocyte counts at presentation.32
Further intensification of conventional chemotherapy during the first six to ten months from
diagnosis has decreased the relapse risk for
adolescents with ALL33 34 and for other higher
risk patients.35 36
The group of patients at highest risk is a heterogeneous one. A few of these (1–2%) with
B-ALL are now highly curable with short term
intensive chemotherapy of the type used for
non-Hodgkin’s lymphoma.37 Infants with characteristic cytogenetic findings and clinical
features have a poor prognosis38 and are now
being treated on an international collaborative
protocol. For some other special risk patients,
for example, those with a Philadelphia chromosome, or slow response to induction treatment,
high dose therapy and BMT may aVord the
best treatment.
Acute myeloid leukaemia
Patients with AML require intensive, hospital
based chemotherapy which produces intense
bone marrow suppression and makes great
demands on nursing care. An important trial
from North America involved randomisation
between intensively timed and more leisurely
induction therapy. The event free survival in
children treated intensively was 42% at three
years in comparison with 27% for those receiving standard timing.39 All patients in the MRC
AML10 trial (1988–95) received four courses
of very intensive chemotherapy. Children with
a histocompatible sibling donor were eligible to
receive a BMT and the remainder were
randomised to receive a fifth course of high
dose therapy with autologous bone marrow
rescue or to stop treatment. The results of this
trial showed a considerable improvement in
outcome in comparison with previous UK protocols, with an event free survival of 48% at
seven years.40 There was no clear benefit for
autologous BMT and this finding has been
confirmed in several large trials from Europe
and North America which compared autologous BMT with further chemotherapy.41 42
Children in the present national MRC trial
(AML12) are randomised to receive either four
or five courses of chemotherapy.
Now that the outlook in AML has improved,
it is possible to identify patients with a more
favourable prognosis. These include children
with Down’s syndrome and AML43 and those
with leukaemia in association with certain
cytogenetic abnormalities (see table 1).
Role of bone marrow transplants in acute
leukaemia
During the past few years there have been significant advances in the techniques and the
safety of bone marrow transplantation. Autologous transplantation, now largely supplanted
by peripheral blood stem cells collected by leucapheresis, was developed as a means of delivering high dose treatment to patients who
lacked a histocompatible sibling donor. It is
safer than other forms of transplant but associated with a higher risk of relapse. There is no
clear evidence that autologous BMT is of benefit in paediatric acute leukaemia.
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three years. Lymphoblastic leukaemia is the
only paediatric cancer where this long term,
low dose treatment is of benefit and the mechanism of action is unknown. Continuing treatment usually consists of daily mercaptopurine
and weekly methotrexate, with periodic steroids and vincristine.24 There is no evidence
that, after the first 10–12 months of chemotherapy, more complicated protocols are more
eVective than this simple schedule. Most
attempts to shorten this phase of treatment
beyond two years have been associated with an
increase in relapse rate.9
There has been a resurgence of interest in
continuing treatment in the last few years in the
hope of further reducing the relapse rate. Noncompliance may occur with this as with other
oral treatments, and should be suspected in
children who maintain a high leucocyte count
despite maximal prescribed drug doses.25 This
can be confirmed by measurement of thiopurine metabolites. Patients who achieve high
concentrations of metabolites during treatment
have a lower relapse risk.26 Similarly patients
who become neutropenic during treatment
have a lower relapse risk than those who
consistently maintain higher leucocyte
counts.27 Boys tolerate higher doses of mercaptopurine than girls, and this may in some way
be related to their higher risk of relapse.28 29
These observations all support the need for
close supervision and adjustment of the dose of
thiopurines and methotrexate during continuing treatment. There is some evidence, unconfirmed by randomised trials, that giving the
drugs in the evening30 is more eVective than in
the morning. It has also been suggested that
thioguanine may be a more eVective drug than
mercaptopurine,31 and this issue is being investigated by the MRC in ALL97 and in North
America.

Management of acute leukaemia

Relapsed leukaemia
Despite improvements in treatment, perhaps
30% of children with ALL and 45% of those
with AML still relapse; management of these
patients (about 130 per annum in the UK)
poses a sizeable problem in paediatric oncology. Most of the relapses, at least in ALL, occur
in so called standard risk patients.49
Most children with ALL, and those with
AML who relapse after the first few months
from diagnosis,50 can achieve a second remission. The chance of prolonged second remission depends in both types of leukaemia on the
length of the first remission and the type of
relapse. Patients with ALL and bone marrow
relapse occuring within two years from diagnosis have a very poor chance of cure whatever the
second treatment. Some of those relapsing later
may have prolonged remissions with chemotherapy but overall, except for children with
extramedullary relapse, BMT is associated
with a lower relapse rate.51 There is little information about the best treatment for relapsed
AML, but BMT also needs systematic evaluation in this context.
Conclusions
There have been significant improvements in
the outlook for children with acute leukaemia
but these advances are only available to a
minority of the world’s children. The challenge
is to develop aVordable treatment for the vast
majority who lack access to modern therapy.
There is still room for improvements in
conventional chemotherapy and these need
evaluation in randomised trials. The role of

bone marrow transplants in first remission is
evolving as chemotherapy becomes more eVective. New treatments are needed for relapsed
patients. Molecular diagnosis has refined the
assessment of prognosis but the extra value
aVorded by measurement of minimal residual
disease is not clear. International collaboration
is needed to evaluate treatment for rare
subtypes of leukaemia. Long term survivors of
acute leukaemia need appropriate and sensitive
follow up, discussion of which is outside the
scope of this review.
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1 Sandler RM, Ross JA. Epidemiology of acute leukemia in
children and adults. Semin Oncol 1997;24:3–16.
2 Wiemels JL, Cazzaniga G, Daniotti M, et al. Prenatal origin
of acute lymphoblastic leukaemia in children. Lancet 1999;
354:1499–503.
3 Chessells JM, Hall E, Prentice HG, Durrant J, Bailey CC,
Richards SM. The impact of age on outcome in
lymphoblastic leukaemia; MRC UKALL X and XA
compared. A report from the MRC Paediatric and Adult
Working Parties. Leukemia 1998;12:463–73.
4 Martinez-Climent JA. Molecular cytogenetics of childhood
hematological malignancies. Leukemia 1997;11:1999–
2021.
5 Foroni L, Harrison CJ, HoVbrand AV, Potter MN.
Investigation of mimimal residual disease in childhood and
adult acute lymphoblastic leukaemia by molecular analysis.
Br J Haematol 1999;105:7–24.
6 Gaynon PS, Desai AA, Bostrom BC, et al. Early response to
therapy and outcome in childhood acute lymphoblastic
leukemia. Cancer 1997;80:1717–26.
7 Wheeler K, Chessells JM, Bailey CC, Richards SM.
Treatment related deaths during induction and in first
remission in acute lymphoblastic leukaemia: MRC
UKALL X. Arch Dis Child 1996;74:101–7.
8 Riley LC, Hann IM, Wheatley K, Stevens RF. Treatmentrelated deaths during induction and first remission of acute
myeloid leukaemia in children treated on the Tenth Medical Research Council Acute Myeloid Leukaemia Trial
(MRC AML10). Br J Haematol 1999;106:436–44.
9 Childhood ALL Collaborative Group. Duration and intensity of maintenance chemotherapy in acute lymphoblastic
leukaemia: overview of 42 trials involving 12 000 randomised children. Lancet 1996;347:1783–8.
10 Pui C-H, Evans WE. Acute lymphoblastic leukemia. N Engl
J Med 1998;339:605–15.
11 Reiter A, Schrappe M, Ludwig W-D, et al. Chemotherapy in
998 unselected childhood acute lymphoblastic leukemia
patients, results and conclusions of the multicenter trial
ALL-BFM 86. Blood 1994;84:3122–33.
12 Tubergen DG, Gilchrist GS, O’Brien RT, et al. Improved
outcome with delayed intensification for children with
acute lymphoblastic leukemia and intermediate presenting
features: a Childrens Cancer Group Phase III trial. J Clin
Oncol 1993;11:527–37.
13 Chessells JM, Bailey C, Richards SM. Intensification of
treatment and survival in all children with lymphoblastic
leukaemia: results of UK Medical Research Council trial
UKALL X. Lancet 1995;345:143–8.
14 Lange B, Sather H, Weetman R, et al. Double delayed intensification improves outcome in moderate risk pediatric
acute lymphoblastic leukemia: a Childrens Cancer Group
study, CCG-1891 [abstract]. Blood 1997;90(suppl 1):2489.
15 Richards S, Hann IM, Hill F, et al. A third intensive block of
treatment at 35 weeks improves outcome in childhood
ALL: preliminary results from the UKALLXI and ALL97
randomised trials [abstract]. Blood 1998;92(suppl 1):1645.
16 Neglia JP, Meadows AT, Robison LL, et al. Second
neoplasms after acute lymphoblastic leukemia in childhood. N Engl J Med 1991;325:1330–6.
17 Littman P, Coccia P, Bleyer WA, et al. Central nervous system (CNS) prophylaxis in children with low risk acute
lymphoblastic leukemia (ALL). Int J Radiat Oncol Biol Phys
1987;13:1443–9.
18 Tubergen DG, Gilchrist GS, O’Brien RT, et al. Prevention
of CNS disease in intermediate-risk acute lymphoblastic
leukemia: comparison of cranial radiation and intrathecal
methotrexate and the importance of systemic therapy: a
Childrens Cancer Group report. J Clin Oncol 1993;11:520–
6.
19 Pullen J, Boyett J, Shuster J, et al. Extended triple intrathecal chemotherapy trial for prevention of CNS relapse in
good-risk and poor-risk patients with B-progenitor acute
lymphoblastic leukemia: a Pediatric Oncology Group
study. J Clin Oncol 1993;11:839–49.
20 Kamps WA, Bokkerink JPM, Hahlen K, et al. Intensive
treatment of children with acute lymphoblastic leukemia
according to ALL-BFM-86 without cranial radiotherapy:
results of Dutch Childhood Leukemia Study Group Protocol ALL-7 (1988–1991). Blood 1999;94:1226–36.
21 Jones B, Freeman AI, Shuster JJ, et al. Lower incidence of
meningeal leukaemia when prednisolone is replaced by

Arch Dis Child: first published as 10.1136/adc.82.6.438 on 1 June 2000. Downloaded from http://adc.bmj.com/ on December 4, 2020 by guest. Protected by copyright.

Only about one in three children in the UK
has a histocompatible sibling but the chance of
finding a donor for BMT has increased
because of more ready availability of volunteer
unrelated donors and the expansion of the programme for storing cord blood. However there
is still a lack of potential donors for families
from ethnic minorities. BMT from unrelated
donors is in general associated with a higher
mortality than that from histocompatible
siblings, but single large centres have reported
equivalent survival.44 45
There are few large studies of BMT for
highest risk children in first remission of ALL,
but updated experience from the UK46 suggests
that the reduction in relapse rate is outweighed
or equalled by the increased mortality. BMT in
first remission of ALL should probably at
present be confined to groups of patients with
clearly defined very poor prognosis such as
those with Ph' positive ALL or those failing to
achieve remission after induction treatment.
BMT from a histocompatible sibling donor
was regarded as the “gold standard” treatment
for children with AML, but this view must be
reassessed in the light of improvements in
chemotherapy. Collaborative groups in North
America continue to oVer these patients
BMT47 but in Scandinavia and Germany most
patients receive chemotherapy.43 48 In MRC
AML12, patients with Down’s syndrome or
favourable cytogenetics (see table 1) are not
oVered BMT in first remission.

441

442

Chessells

38
39

40

41

42

43

44

45

46

47

48

49
50

51

lymphoblastic leukaemia and lymphoma: experience with
the LMB protocols of the SFOP (French Paediatric Oncology Society) in children and adults. Ballieres Clin Haematol
1994;7:339–48.
Pui CH, Kane JR, Crist WM. Biology and treatment of
infant leukemias. Leukemia 1995;9:762–9.
Woods WG, Kobrinsky N, Buckley JD, et al. Timedsequential induction therapy improves postremission outcome in acute myeloid leukemia: a report from the
Children’s Cancer Group. Blood 1996;87:4979–89.
Stevens RF, Hann IM, Wheatley K, Gray RG. Marked
improvements in outcome with chemotherapy alone in
paediatric acute myeloid leukaemia: results of the UK
MRC AML 10 trial. Br J Haematol 1998;101:130–40.
Ravindranath Y, Yeager AM, Chang MN, et al. Autologous
bone marrow transplantation versus intensive consolidation chemotherapy for acute myeloid leukemia in childhood. N Engl J Med 1996;334:1428–34.
Amadori S, Testi AM, Arico M, et al. Prospective comparative study of bone marrow transplantation and postremission chemotherapy for childhood acute myelogenous
leukemia. J Clin Oncol 1993;11:1046–54.
Lie SO, Jonmundsson G, Mellander L, Siimes MA, Yssing
M, Gustafsson G. A population-based study of 272
children with acute myeloid leukaemia treated on two consecutive protocols with diVerent intensity: best outcome in
girls, infants, and children with Down’s syndrome. Br J
Haematol 1996;94:82–8.
Oakhill A, Pamphilon DH, Potter MN, et al. Unrelated
donor bone marrow transplantation for children with
relapsed acute lymphoblastic leukaemia in second complete remission. Br J Haematol 1996;94:574–8.
Hongeng S, Krance RA, Bowman LC, et al. Outcomes of
transplantation with matched-sibling and unrelated-donor
bone marrow in children with leukaemia. Lancet 1997;350:
767–71.
Chessells JM, Bailey C, Wheeler K, Richards SM. Bone
marrow transplantation for high-risk childhood lymphoblastic leukaemia in first remission: experience in MRC
UKALL X. Lancet 1992;340:565–8.
Wells RJ, Woods WG, Buckley JD, et al. Treatment of newly
diagnosed children and adolescents with acute meyloid
leukemia: a Childrens Cancer Group study. J Clin Oncol
1994;12:2367–77.
Creutzig U, Ritter J, Schellong G. Identification of two risk
groups in childhood acute myelogenous leukemia after
therapy intensification in study AML-BFM-83 as compared with study AML-BFM-78. Blood 1990;75:1932–40.
Chessells JM. Relapsed lymphoblastic leukaemia in
children: a continuing challenge. Br J Haematol 1998;102:
423–38.
Webb DKH, Wheatley K, Stevens RF, Hann IM. Outcome
for children with relapsed acute myeloid leukaemia following initial therapy in the Medical Research Council (MRC)
AML 10 trial. Leukemia 1999;13:25–31.
Wheeler K, Richards S, Bailey C, Chessells JM. Comparison of bone marrow transplant and chemotherapy for
relapsed childhood acute lymphoblastic leukaemia—the
MRC UKALL X experience. Br J Haematol 1998;101:94–
103.

Arch Dis Child: first published as 10.1136/adc.82.6.438 on 1 June 2000. Downloaded from http://adc.bmj.com/ on December 4, 2020 by guest. Protected by copyright.

dexamethasone in the treatment of acute lymphocytic leukaemia. Med Pediatr Oncol 1991;19:269–75.
22 Conter V, Schrappe M, Arico M, et al. Role of cranial radiotherapy for childhood T-cell acute lymphoblastic leukemia
with high WBC count and good response to prednisone. J
Clin Oncol 1997;15:2786–91.
23 Nachman J, Sather HN, Cherlow JM, et al. Response of
children with high-risk acute lymphoblastic leukemia
treated with and without cranial irradiation: a report from
the Children’s Cancer Group. J Clin Oncol 1998;16:920–
30.
24 Chessells JM. Maintenance treatment and shared care in
lymphoblastic leukaemia. Arch Dis Child 1995;73:368–73.
25 Lilleyman JS, Lennard L. Non-compliance with oral
chemotherapy in childhood leukaemia. BMJ 1996;313:
1219–20.
26 Lilleyman JS, Lennard L. Mercaptopurine metabolism and
risk of relapse in childhood lymphoblastic leukaemia. Lancet 1994;343:1188–90.
27 Chessells JM, Harrison G, Lilleyman JS, Bailey CC,
Richards SM. Continuing (maintenance) therapy in
lymphoblastic leukaemia: lessons from MRC UKALL X.
Br J Haematol 1997;98:945–51.
28 Chessells JM, Richards SM, Bailey CC, Lilleyman JS, Eden
OB. Gender and treatment outcome in childhood lymphoblastic leukaemia: report from the MRC UKALL trials. Br
J Haematol 1995;89:364–72.
29 Pui CH, Boyett JM, Relling MV, et al. Sex diVerences in
prognosis for children with acute lymphoblastic leukemia. J
Clin Oncol 1999;17:818–24.
30 Schmiegelow K, Glomstein A, Kristinsson J, Salmi T,
Schroder H, Bjork O. Impact of morning versus evening
schedule for oral methotrexate and 6-mercaptopurine on
relapse risk for children with acute lymphoblastic leukemia.
Nordic Society for Pediatric Hematology and Oncology
(NOPHO). J Pediatr Hematol Oncol 1997;19:102–9.
31 Lennard L, Davies HA, Lilleyman JS. Is 6-thioguanine more
appropriate than 6-mercaptopurine for children with acute
lymphoblastic leukaemia? Br J Cancer 1993;68:186–90.
32 Smith M, Arthur D, Camitta B, et al. Uniform approach to
risk classification and treatment assignment for children
with acute lymphoblastic leukemia. J Clin Oncol 1996;14:
18–24.
33 Nachman J, Sather HN, Buckley JD, et al. Young adults
16–21 years of age at diagnosis entered on childrens cancer
group acute lymphoblastic leukemia and acute myeloblastic leukemia protocols. Cancer 1993;71:3377–85.
34 Rivera GK, Pui C-H, Santana VM, et al. Progress in the
treatment of adolescents with acute lymphoblastic leukemia. Cancer 1993;71:3400–5.
35 Nachman JB, Sather HN, Sensel MG, et al. Augmented
post-induction therapy for children with high-risk acute
lymphoblastic leukemia and a slow response to initial
therapy. N Engl J Med 1998;338:1663–71.
36 Gaynon PS, Steinherz PG, Bleyer WA, et al. Improved
therapy for children with acute lymphoblastic leukemia and
unfavourable presenting features: a follow-up report on the
Childrens Cancer Group Study CCG-106. J Clin Oncol
1993;11:2234–42.
37 Patte C, Michon J, Frappaz D, Leverger G, Rubie H, Soussain C, Pico JL. Therapy of Burkitt and other B-cell acute

