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Therapeutic trials in childhood ALL: what’s their

future?

O B Eden

Evidence based medicine

Since the first randomised controlled medical
research trial in the United Kingdom on the
use of streptomycin in  tuberculosis
(1947-1948)," such trials have progressively
become the gold standard by which the choice
of treatment for patients with any particular
disease, and the evidence to support such
choice, can be judged.’ In the 1940s there were
worries that doctors would be “unwilling to
relinquish the doctrine of anecdotal experi-
ence” and accept the idea of any individual
patient being randomised between a new treat-
ment and a placebo, nothing at all, or what was
perceived as standard treatment up until that
time.” Ultimately the physician always must
decide for his or her patient what should be
recommended, based on an assessment of the
patient’s overall health status, and of course the
doctor’s own experience and awareness, modi-
fied by external evidence. There is no doubt
that the physician either hearing a presentation
of a similar case or cases or reading of other
peoples’ experiences will be influenced by such
evidence. It is therefore essential that such evi-
dence must be as objective, balanced, and
unbiased as possible. The perfectly conducted
randomised controlled trial should be the opti-
mal way to produce such evidence. The impe-
tus to collate all information for either the
treatment or the prevention of disease has been
increased by greater public awareness and edu-
cation on health matters, coupled with easier
access to information, which regrettably is not
always reliable in the media or over the
internet. In the Western world certainly, the
public increasingly see through dogma and the
“trust me I’m a doctor” approach. Develop-
ment of the methodology to combine results
from randomised controlled trials into system-
atic overviews is enhancing the ability of
researchers to reach conclusions, or confirm
evidence from individual trials. Such overview
analysis has been particularly important when
trials have been relatively small and so unable
to provide adequate power, or indeed where
there are conflicting results.

Paediatric oncology and trials

Oncology, especially paediatric oncology, has
par excellence been one of the specialties that
has adopted the approach of randomised
controlled trials, and more recently the use of
overview analyses. Faith in such an approach has
been reinforced by unique evidence in children
that outcome has been influenced by participa-
tion in trials. Stiller and Eatock’ recently
reported on secular trends in the treatment of
children with acute lymphoblastic leukaemia.
When the proportion of children treated in pae-

diatric oncology centres was compared for the
five year periods 1980-84 and 1990-94, a rise
from 77% to 89% was noted, but more interest-
ingly, five year survival improved from 67% to
81%, irrespective of the size of the treatment
centre. Entry of patients into national trials had
an even more impressive effect on survival. For
the 1980-84 cohort, five year survival for those
on trials was 70% compared with 64% for those
not entered into trials, but this gap had widened
by 1990-94 to 84% for trial entrants and 68%
for those treated off trial. The recent improve-
ments amount to an increased survival for
approximately 50 children a year who would
have died in the 1980s. In an earlier study, the
Childhood Cancer Research Group had shown
an effect of centre size as well as trial entry," as
had Meadows ez al in 1983." The change in the
most recent time period is thought to result from
much more standardised care within centres of
all sizes.

Why then has participation in acute lympho-
blastic leukaemia (ALL) trials resulted in
increased survival? Stiller and Eatock’ suggest
that in the MRC UKALLVIII study and trial,
1980-84 survival from disease within the trial
was counterbalanced by more early deaths. The
induction therapy, especially after the introduc-
tion in 1981 of an additional two doses of
daunomycin (one of the randomised questions)
was associated with greater myelosuppression
and more early infective deaths (5% induction
deaths)."” For those receiving three years of con-
tinuing therapy there was also an excess of
atypical infective deaths (for example measles
and pneumonitis).”” In the next MRC trial
(UKALLX), with experience of protocol use
and greater vigilance regarding infection risks
(on the part of paediatricians, nurses, patients,
and parents), induction mortality fell to under
2%." Consequently intensification of treatment
on a trial produced a problem which was
overcome with time. So much, then, for the crit-
ics of trials who say that toxicity is not recorded
and acted upon, and that triallists frantically
search for a significant p value at any price!

When you review those reported results you
realise how important it is to remember that
despite the risks, patients still had a 6% better
chance of long term survival even in 1980-84,
if they were actually treated in a trial.” The
excess mortality for those outside the national
trial during 1985-89 (UKALLXI) was during
continuation therapy from 3-24 months of
treatment, while in the next trial between 1990
and 1994 the excess risk appeared to be imme-
diately after diagnosis. This is an interesting
finding. In UKALLXI there was no absolute
requirement initially to register an intention to
treat all patients until the time of first randomi-
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sation at the end of induction therapy."* There
was an excess early mortality in non-trial
patients in this time period compared with
those registered early and entered into the trial.
Even in experienced physicians’ hands it
appears that following a set protocol with all its
support guidelines does carry a benefit for the
individual patient, almost irrespective of the
actual randomisation question being asked.
Physicians feeling that they always know best,
particularly when they create totally ad hoc
therapy, appear to provide an extra risk for
their patients.

Consequently the results of the randomised
questions in a trial may not turn out to be the
most important lesson learnt from any particu-
lar study. In UKALLVIII the randomisation
between two doses of daunomycin induction
produced superior disease control for those
who received the drug but excess early infective
deaths'?, but in both arms event-free and total
survival was superior to all previous United
Kingdom results by over 10%, despite use of
the same drugs that had been used previously,
albeit in a more sustained and continuous way.
Furthermore, in the next trial, UKALLX,
when all patients received induction daunomy-
cin early death rate was more than halved.”
With regard to the second randomisation for
duration of treatment there were again fewer
relapses in the patients who had longer
treatment, but more infective deaths. However,
the patients whose treatment stopped at two
years and who subsequently relapsed appeared
to be more salvageable, albeit at the price of
more treatment, so there was no overall
survival benefit for the longer treatment."” As a
result of that kind of study, shorter treatment
became the norm, and most collaborative
groups opted for a two year duration of
continuation therapy. Interest in longer periods
of treatment has been rekindled by meta-
analysis showing benefit.”” Both current CCG'*
and future MRC trials are readdressing the
issue of duration of treatment, especially for
boys, who still have an inferior survival to girls.
No trial result should ever be carved in tablets
of stone. It does appear that when paediatric
haematologists and oncologists carefully plan a
trial it is essential to ensure that they record
toxicity and monitor compliance closely. There
is a major benefit for those patients treated
within the trial, and improvement in survival
can be expected, not always because of better
disease control, but sometimes because of a
reduction in morbidity.

The advances that have led to survival figures
of 70-80% for ALL mean that health care plan-
ners and even funding bodies have started to
question the likely benefit of further large
randomised controlled trials to deliver ever con-
tinuing improvement in survival. Fortuitously
the US Children’s Cancer Study Group (Nach-
man JB, personal communication) has recently
reported event-free survival figures in excess of
90% for standard risk patients (age less than 10
years at diagnosis, with a white blood cell count
under 50 x 10%litre). Achievement of such an
advance in the United Kingdom would equate
to a further 50 lives saved a year. Inadequate

Eden

primary treatment which then requires salvage
with further intensive chemotherapy or bone
marrow transplantation, or both, is costly in
terms of patient and family physical and
emotional sequelae and financially to the nation.
For the foreseeable future the United Kingdom
requires ongoing trials for children even with the
lowest risk of relapse, among whom 30% do not
survive.

Planning trials for ALL

One of the first principles of planning for a
randomised controlled trial is to make it as
universal as possible for any particular condi-
tion and the population affected—that is, to
make it inclusive and not exclusive. This model
has been used in the MRC UKALL trials, with
all patients receiving essentially the same treat-
ment in the time period 1980-96 with progres-
sively more intensification. All categories of
patients appear to have benefited from first two
and then three intensification pulses post-
induction."” '* However, sadly these results are
still inferior to the current reports from the
Children’s Cancer Study Group, and there is a
need to test whether their experience can be
repeated in the United Kingdom.

There have been two exceptions in the
United Kingdom to this blanket approach of
the “same therapy for all” which has been used
since 1984. Both have resulted from observed
poor results on conventional treatment in
MRC trials.”” " These exceptions are mature B
cell ALL and infant ALL (70-80% having
blasts with rearrangements of the MLL gene).
The adoption of pulsed cyclophosphamide
based multiagent lymphoma treatment has
transformed an extremely bleak outlook for B
cell ALL, where median survival was measured
in months, so that cure rates increased first to
50%* and then to 80-85%.*' The rarity of both
these conditions, accounting for only 3-4% of
ALL, has led to international collaboration,
especially with the French paediatric oncology
group for B-ALL. They had produced the most
outstanding results. We are now in the difficult
position of deciding whether we can in any way
lessen treatment to reduce toxicity.” For infant
leukaemia, induction failure, treatment related
mortality, higher rates of CNS relapse, and
early overall failure are common.” ** Overall
five year event-free survival figures for infants
with ALL have ranged between 25% and 40%.
However the Berlin, Frankfurt, Munster
(BFM) group showed a better event-free
survival (53%) for those 19 infants in their
1986 study who had a good prednisolone
response after seven days of steroids, compared
with 14% in the 14 infants who had a poor
response, as defined by having more than 1000
blasts/mm’ in their blood at day 7.*** Until
that observation it had been assumed that all
infants with ALL should have a bone marrow
transplant once sustained remission was
achieved if a cure was to be attained. Such
transplantation procedures in infants, whatever
the donor source, were associated with high
mortality and major long term sequelae.

International collaboration involving Italy,
Germany, Austria, the Czech Republic, The


http://jcp.bmj.com

Therapeutic trials in childhood ALL

Netherlands, France, Belgium, all the Scandi-
navian countries, the United Kingdom, St
Jude’s Research Hospital and the Dana Farber
Center, and other collaborative groups have all
joined together to participate in an inter-
national infant protocol. This approach is
undoubtedly necessary for such rarer forms of
leukaemia, if randomised controlled trials are
to be continued. The aims of this international
collaboration are to assess the outcome of a
hybrid treatment containing elements of both
ALL and AML treatment, without irradiation
and with only limited amounts of anthracy-
clines and alkylating agents, and to assess the
value of a late intensification course which will
form the randomised component to the trial.
Bone marrow transplantation will be avoided
in first remission for those patients with a rapid
steroid response. A group of physicians repre-
senting all of the major American and Euro-
pean collaborative groups who first met
together at an International Society of Paediat-
ric Oncology meeting in Montevideo five years
ago is now working together to tackle the rarer
forms of ALL, including infant leukaemia, near
haploidy, Philadelphia positive (Ph+) ALL,
and those failing to remit on standard treat-
ment. If any or all of these ultra high risk
leukaemias are to be brought under control,
such an international approach appears essen-
tial. The group has been documenting charac-
teristics and outcome measures for these forms
of ALL and exploring new approaches to treat-
ment. For the next target, Ph+ ALL, Arico ez al
found that an initial steroid response also pre-
dicts a more favourable outcome in that
group,’® and Ribeiro et al have shown a favour-
able outcome for those with low initial white
cell count.”” There does appear to be
heterogeneity in both the biology and response
among these rare tumours.

Collectively these ultra high risk ALL cases
represent only about 11-12% of all childhood
ALL—t(9;22) at 4%; MLL in infancy 2-3%,
near haploidy 1%, failure to respond 4%>*—
but they undoubtedly represent a great thera-
peutic challenge for clinicians. Lower remission
rates and early relapse are common. However,
in at least one group, those with near haploidy,
remission is frequently achieved but with early
development of resistance.” The cellular
mechanisms involved in such responses require
clarification. This can only be achieved in rare
diseases by many groups contributing biologi-
cal material, as well as patients, to trials.

The increasingly sophisticated methods for
defining ALL cases using a panel of antibodies
(to distinguish immunological subclasses) has
shown the tremendous heterogeneity of
ALL.*®** > However, apart from the broad dis-
tinction of B cell precursor ALL from mature B
and T cell forms, they have not produced many
independently significant prognostic catego-
ries. Those rare cases which express lymphoid
associated (usually CD2 and CD7) and
myeloid restricted molecules® may do poorly.
On the other hand modern era cytogenetic and
molecular genetic techniques have revolution-
ised the definition of subgroups™ (as implied
before with reference to infants and those with
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Philadelphia chromosome positivity). The ris-
ing frequency of leukaemias with bcr-abl and,
to a lesser extent, MLL rearrangements with
increasing age goes some way towards explain-
ing the poorer outcome for adolescents and
young adults.” It is essential to define such
high risk patients if we are to understand the
molecular mechanisms that lead to primary or
secondary resistance. Such analyses have al-
ready defined the favourable characteristics of
those with high hyperdiploidy (more than 50
chromosomes per blast), and of TEL-AMIL1
fusions (t12;21). There is some overlap of these
two features, which are most commonly seen in
children aged one to nine years with a low ini-
tial white blood cell count.” Whether they are
prognostically  significant—independent of
white cell count, age, and sex—is less clear.

One of the most interesting avenues of
research now developing is an attempt to
explain the prognostic characteristics in terms
of drug responsiveness. For example, those
with precursor B cell ALL with hyperdiploidy
appear to accumulate higher levels of metho-
trexate polyglutamates within their cells, which
suggests a potential mechanism to explain
increased cytotoxicity on treatment, and points
to ways in which treatment might be adjusted
in these patients.” >

The linkage of in vitro studies, especially of
blast sensitivity or resistance, with other patient
characteristics, and the clinical application of
such data, are growth areas in ALL manage-
ment and are increasingly being incorporated
into clinical trials.”” Within the context of clini-
cal trials, where the gold standard has been
treatment in a uniform fashion, the adjustment
of individual treatment on the basis of in vitro
resistance profiles or pharmacokinetic/dynamic
profiles presents logistic problems, but could
be an important advance. Randomised ques-
tions can be asked, but individual patients must
be given the optimal dosage and scheduling for
their individual characteristics.

The current MRC ALL ’97 trial is asking as
one of its questions whether 6-thioguanine
(6TG) might be superior to the traditional
6-mercaptopurine (6MP) as maintenance
treatment, and parallels a US Children’s Can-
cer Study Group trial. It is now possible to
measure thiopurine metabolites and hence to
monitor for compliance,” and to detect rare
genetic polymorphisms of the enzyme thio-
purine methyltransferase (TPMT) and of other
pathway enzymes which influence drug
handling.” Since the 1950s 6 MP has been used
in ALL treatment during the maintenance
phase, a phase which appears essential for the
cure of children, and the concentration of
intracellular 6-thiopurine nucleotides is prob-
ably extremely important. 6MP and its active
nucleotide metabolites are major substrates for
TPMT, whereas 6TG nucleotides are not.
After all these years it is now being asked
whether 6TG maybe a more effective way to
deliver antimetabolite treatment in ALL,**
but in view of potential increased toxicity with
thioguanine, most notably the occurrence of
veno-occlusive disease,” it is essential to test
the 6MP v 6TG question in a randomised
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fashion, and also to optimise individual drug
delivery.

A similar question has been raised about the
type of steroids used for ALL (dexamethasone v
prednisolone). The Dutch Childhood Leukae-
mia Group, backed by in vitro sensitivity studies
(dexamethasone 35 times more potent), con-
verted to dexamethasone usage and reported an
80% three year event-free survival, compared
with 66% in their previous trial.” It is felt essen-
tial to test the efficacy of dexamethasone v pred-
nisolone in a randomised fashion because of the
reported increased toxicity of dexamethasone
(increased disturbance of glucose metabolism,
behavioural changes, myopathy, and avascular
necrosis). The Children’s Cancer Study of
America and the MRC studies testing this ques-
tion are not mature enough yet for a firm
conclusion. Both immediately and for the
foreseeable future, optimisation of the delivery
of individually effective agents, both globally and
for the individual patient, is likely to form the
core of randomised trials. Recent United King-
dom studies on asparaginase pharmacokinetics
have suggested that route of administration, the
product of asparaginase used, and previous
exposure (and hence the likelihood of the devel-
opment of silent inactivating antibodies) are all
important. Evans er al have proposed that
individualising chemotherapy within the context
of trials, although complex, is essential.**

Speed of response to treatment has already
been alluded to in the context of infant ALL.
Increasingly it is emerging as the single most
important treatment related prognostic charac-
teristic, and may indeed be the most important
overall prognostic factor. Pieters er al, in a
series of studies using the MTT assay, have
shown a difference in outcome for patients who
are above and below the prednisolone LC50
median, and concluded that LC50 may be a
better marker of in vivo sensitivity than early
bone marrow response.” ** These laboratory
data have provided corroborative and explana-
tory evidence for the clinically observed result
obtained in a series of BFM trials to a week
long prephase of steroids.* Such a prephase
and the estimation of the peripheral blast cell
count is clearly much less invasive than bone
marrow review at either day 7 or day 14, which
has been the mainstay of early response assess-
ments over the last 20 years, since the original
CCG studies proved its importance.”” ** It has
been reported that the detection by PCR of
leukaemia associated clonal rearrangements of
T cell receptor and immunoglobulin heavy
chain genes at particular phases of treatment
beyond induction is linked to poor prognosis.*’
This is now at last being assessed in clinical
trials with therapeutic alteration randomised in
response to observation of persistent disease.

The more complex molecular methods of
both subtyping and monitoring for disease are
making stratification of patients more “scien-
tific.” Giving all patients the same treatment
was replaced very early on in the CCG™ and
BFM studies™ by stratified treatment. Despite
many previous attempts, only recently has a
real consensus been reached on an overall
scheme of risk classification,”’ with universal
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agreement on those with ultra high risk of
relapse, constituting 11-12% of cases; we are
now moving towards distinguishing those high
risk and intermediate risk groups, as defined by
white blood cell count, age, and poor initial
response to treatment, who do benefit from
extra intensification of therapy. Nachman ez a/
have shown that those with a high initial white
cell count (and who are therefore by definition
in the high risk group), who had more than
25% blasts in the bone marrow at day 7, and
who previously would have fared very poorly
did much better when given augmented
treatment with longer, high dose, more sus-
tained consolidation, interim maintenance in-
volving an escalating dosage schedule of metho-
trexate and asparaginase, and two double
delayed intensification modules.”” Although
toxic, the treatment was tolerable and yielded a
20% improvement in event-free survival over
the control arm, which in itself was superior to
historical controls.

With groups such as the Children’s Cancer
Study Group of America and the BFM group
reporting such good results for standard risk
and even conventionally high risk patients
(though sadly no group is yet reporting much
global improvement for the ultra high risk
groups), it looks as though international
collaboration in studies is essential. We must
not forget that most relapses still occur in
patients with what we term “standard risk.”
They are relapses which we could not predict
from initial patient characteristics or early
response to treatment. It is in these patients
that optimisation of the drugs given and their
delivery may really matter. Detection of resist-
ant disease (and ways to overcome that) must
be our focus in trials. For the largest group of
patients we can probably continue to use iden-
tical or at least very comparable basic treat-
ment worldwide. For the wultra high risk
patients the small numbers involved mean that
we have to collaborate internationally if we are
to ask important therapeutic questions in the
context of randomised clinical trials, based on
earlier phase I and phase II studies of drug
responsiveness.

New agents

Completely new agents do not often come on
to the market for treatment of lymphoblastic
leukaemia, but where they do, it is essential that
phase I and phase II studies should be
conducted in childhood, even though they are
difficult to organise; it is, however, more likely
that they will initially be conducted in adults,
whose response may be less noticeable. Areas
of interest at the present time include the use of
arabinosylguanine for refractory T cell ALL,
targeted immunotherapy, and the use of
antisense oligonucleotides.

Conclusions

Until we approach 100% cure for all children
with ALL there are questions to be asked, and
treatments to be modified, all ultimately within
the context of randomised controlled trials.
There appear to be real benefits from participa-
tion in such trials, beyond the specific ques-
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tions being asked. Increasingly the stratifica-
tion of treatment in national trials is giving way
to international collaboration. Running trials
across national boundaries is not easy, but cer-
tainly feasible if people try hard to make them
work. The life of the individual child is too pre-
cious for us to fail to attempt to cure all patients
who present to us, and we should resist
pressure from health service planners to “give
up on 30%” of our patients.

—_

LS I N

[CRNNS

~N O

O o

10

1

—

12

1

W

14

15

16

—
-

18

1

©

2

(=}

2

—_

22
23
2

=

2

wu

26

Medical Research Council Streptomycin in Tuberculosis
Trials Committee. Streptomycin treatment of pulmonary
tuberculosis. BM¥ 1948:769-83.

Bradford Hill A. Memories of the British streptomycin trial
in tuberculosis. Controlled Clinical Trials 1990;11:77-90.

D’Arcy Hart P. A change in scientific approach from
alternation to randomised allocation in clinical trials in the
1940s. BM¥ 1999;319:572-3.

Peto R. Why do we need systematic overviews of
randomised trials? Stat Med 1987;6:233-40.

Parmar MKB, Stewart LA, Altman DG. Meta-analyses of
randomised trials: when the whole is more than just the
sum of the parts. Br ¥ Cancer 1996;74:496-501.

Sniderman AD. Clinical trials, consensus conferences and
clinical practice. Lancer 1999;354:327-30.

Cochrane Collaboration Library and Cochrane Cancer
Network: www.cochrane.co.uk. and www.canet.demon-
.co.uk.

Goodman NW. Who will challenge evidence based medi-
cine? ¥ Roy Coll Physicians Lond 1999;33:249-51.

Stiller CA, Eatock EM. Patterns of care and survival for
children with acute lymphoblastic leukaemia diagnosed
between 1980 and 1994. Arch Dis Child 1999;81:202-8.

Stiller CA, Draper GJ. Treatment centre size, entry to trials
and survival in acute lymphoblastic leukaemia. Arch Dis
Child 1989; 64: 657-661.

Meadows AT, Kramer S, Hopson R, ez al. Survival in child-
hood acute lymphoblastic leukaemia: effect of protocol and
place of treatment. Cancer Invest 1983;1:49-55.

Eden OB, Lilleyman JS, Richards S, ez al. Results of Medi-
cal Research Council Childhood Leukaemia Trial UKA-
LLVIII on behalf of the Working Party on Leukaemia in
Childhood. Br § Haematol 1991;78:187-96.

Wheeler K, Chessells JH, Bailey CC, et al. Treatment related
deaths during induction and in first remission in acute
lymphoblastic leukaemia. MRC UKALLX. Arch Dis Child
1996;74:101-7.

Richards S, Burrett J, Hann I, ez al. Improved survival with
early intensification: combined results from the Medical
Research Council Childhood ALL randomised trials,
UKALLX and UKALLXI. Leukaemia 1998;12:1031-6.

Childhood ALL Collaborative Group. Duration and inten-
sity of maintenance chemotherapy in acute lymphoblastic
leukaemia: overview of 42 trials involving 12,000 ran-
domised children. Lancer 1996;347:1783-8.

Lange B, Sather H, Weetman R, ez al. Double delayed inten-
sification improves outcome in moderate risk pediatric
acute lymphoblastic leukaemia. A Children’s Cancer
Group Study, CCG-1891 [abstract]. Blood 1997;90:559a.

Chessells JM, Bailey C, Richards SM. Intensification of
treatment and survival in all children with lymphoblastic
leukaemia. Results of UK Medical Research Council trial
UKALLX. Lancer 1995;345:143-8.

Richards S, Hann I, Hill F, ez al. A third intensive block of
treatment at 35 weeks improves outcome in childhood
ALL: preliminary results from the UKALLXI and ALL
>97 randomised trials [abstract]. Blood 1998;92(suppl
1):393a.

Chessells JM, Eden OB, Bailey CC, et al. Acute lympho-
blastic leukaemia in infancy: experience in MRC UKALL
trials. Report from the MRC Working Party on childhood
leukaemia. Leukaemia 1994;8:1275-9.

Hann IM, Eden OB, Barnes J, ez al. MACHO chemotherapy
for Stage IV B-cell lymphoma and B-cell ALL of
childhood. Br ¥ Haematol 1990;76:364-9.

Patte C, Philip T, Rodary C, er al. High survival rate in
advanced stage B-cell lymphomas and leukaemias without
CNS involvement with a short intensive polychemotherapy
protocol. Results from the French Paediatric Oncology
Society of a randomised trial of 216 children. ¥ Clin Oncol
1991;9:123-32.

Patte C. Non-Hodgkin’s lymphoma. Eur ¥ Cancer 1998;34:
359-63.

Pui Ch, Kane JR, Crist WM. Biology and treatment of
infant leukaemias. Leukaemia 1995;9:762-9.

Reiter A, Schrappe M, Ludwig W-D, et al. Chemotherapy in
998 unselected childhood acute lymphoblastic leukaemia
patients. Results and conclusions of the multi-centre trial
ALL-BFM 86. Blood 1994;84:3122-33.

Pieters R, den Boer ML, Durian M, ez al. Relation between
age, immunophenotype and in vitro drug resistance in 395
children with ALL—implications for treatment of infants.
Leukaemia 1998;12:1344-8.

Arico M, Schrappe M, Harbott ], et al. Prednisolone good
response identifies a subset of t(9;22) childhood acute
lymphoblastic leukaemia at lower risk for early leukaemic
relapse [abstract]. Blood 1997;90(suppl 1):560.

27

28

29

30

31

3

[N}

3

)

3

NS

35

36

3

3

38

39

40

4

—_

42

4

SN

44

4

wu

4

(=

4

Q3

48

4

=l

50

51

52

59

Ribeiro RC, Broniscer A, Rivera GK, ez al. Philadelphia
chromosome positive acute lymphoblastic leukaemia in
children: durable responses to chemotherapy associated
with low initial white blood cell counts. Leukaemia
1997;11:1493-6.

Pui Ch, Evans WE. Acute lymphoblastic leukaemia. N Engl
F Med 1998;339:605-15.

Pui C-H, Carroll AJ, Raimondi SC, et al. Clinical presenta-
tion, karyotypic characterisation and treatment outcome of
childhood acute lymphoblastic leukaemia with a near hap-
loid or hypodiploid (<45 line). Blood 1990;75:1170-7.

Hann IM, Richards SM, Eden OB, et al. Analysis of the
immunophenotype of children treated on the Medical
Research Council UKALL trial XI. Leukaemia 1998;12:
1249-55.

Pui C-H, Raimondi SC, Head DR, et al. Characteristics of
childhood acute leukaemia with multiple myeloid and lym-
phoid markers at diagnosis and at relapse. Blood 1991;78:
1327-37.

Chessells JM, Swansbury GJ, Reeves B, er al. Cytogenetics
and prognosis in childhood lymphoblastic leukaemia:
results of MRC UKALLX. Br ¥ Haematol 1997;99:93-100.

Chessells JM, Hall E, Prentice HG, ez al. The impact of age
on outcome in lymphoblastic leukaemia: MRC UKALLX
and XA compared: a report from the Medical Research
Council Paediatric and Adult Working Parties. Leukaemia
1998;12:463-73.

Borkhardt A, Cazzaniga G, Viehmann S, et al. Incidence and
clinical relevance of TEL/AMLI1 fusion genes in children
with acute lymphoblastic leukaemia enrolled in the
German and Italian multicentre therapy trials. Blood 1997;
90:571-7.

Whitehead VH, Vuchich M]J, Lauer SJ, et al. Accumulation
of high levels of methotrexate polyglutamates in lymphob-
lasts from children with hyperdiploid (>50 chromosomes)
B-lineage ALL. A Pediatric Oncology Group Study. Blood
1992;80:1316-23.

Kaspers GJL, Smets LA, Pieters R, er al. Favourable
prognosis of hyperdiploid common ALL may be explained
by sensmvny to anti metabolite and other drugs: results of
an in vitro study. Blood 1995;85:751-6.

Kaspers GJL, Veerman AJP, Pieters R, ez al. In vitro cellular
drug resistance and prognosis in newly diagnosed childhood
acute lymphoblastic leukaemia. Blood 1997;90:2723-9.

Davies HA, Lennard L, Lilleyman JS. Variable mercaptopu-
rine metabolism in children with leukaemia: a problem of
non compliance? BM¥ 1993;306:1239—40.

Lennard L, Lilleyman ]S, Van Loon ], er al. Genetic
variation in response to 6-mercaptopurine for childhood
acute lymphoblastic leukaemia. Lancer 1990;336:225-9.

Lennard L, Davies HA, Lilleyman JS. Is 6-thioguanine more
appropriate than 6-mercaptopurine for children with acute
lymphoblastic leukaemia? Br ¥ Cancer 1993;68:186—90.

Evans WE, Relling MV. Mercaptopurine . thioguanine for
the treatment of acute lymphoblastic leukaemia. Leukaemia
Res 1994;18:811-14.

Satti MB, Weinbren K, Gordon-Smith EC. 6-Thioguanine
as a cause of toxic veno-occlusive disease of the liver. ¥ Clin
Pathol 1982;35:1086-91.

Veerman AJP, Hahlen K, Kamps WA, e al. Dutch
Childhood Leukaemia Study Group: high cure rate with a
moderately intensive treatment regimen in non-high risk
childhood ALL. Results of protocol ALLVI from the Dutch
Childhood Leukaemia Study Group. ¥ Clin Oncol 1996;14:
911-18.

Evans WE, Relling MV, Rodman JH, ez al. Conventional
compared with individualised chemotherapy for childhood
acute lymphoblastic leukaemia. N Engl § Med 1998;338:
499-505.

Pieters R, Huismans DR, Loonen AH, ez al. Relation of cel-
lular drug resistance to long term clinical outcome in child-
hood acute lymphoblastic leukaemia. Lancer 1991;338:
399-403.

Pieters R, Kaspers GJL, Van Wering ER, ez al. Prospective
study of in vitro prednisolone resistance in childhood ALL.:
a new risk factor in BFM orientated treatment [abstract].
Blood 1993;82(suppl 1):94A.

Steinherz PG, Gaynon PS, Breneman JC, ez al. Cytoreduc-
tion and prognosis in acute lymphoblastic leukaemia: the
importance of early marrow response: report from the
Children’s Cancer Group. ¥ Clin Oncol 1996;14:389-98.

Lilleyman JS, Gibson BES, Stevens RF, et al. Clearance of
marrow infiltration after one week of therapy for childhood
lymphoblastic leukaemia: clinical importance and the effect
of daunorubicin. Br ¥ Haematol 1997;97:603-6.

Biondi A, Yokota S, Hansen-Hagge TE, er al. Minimal
residual disease in childhood acute lymphoblastic
leukaemia: analysis of patients in continuous complete
remission or with consecutive relapse. Leukaemia 1992;6:
282-8.

Gaynon PS, Steinherz PG, Bleyer WA, ez al. Improved
therapy for chlldren with ALL and unfavourable presenting
features: a follow up report of the Children’s Cancer Study
Group CCG-106. ¥ Clin Oncol 1993;11:2234-42.

Smith M, Arthur D, Camitta B, ez al. Uniform approach to
risk classification and treatment assignment for children
with acute lymphoblastic leukaemia. ¥ Clin Oncol 1996;14:
18-24.

Nachman ]JB, Sather HN, Sensel MG, er al. Augmented
post-induction therapy for children with high risk acute
lymphoblastic leukaemia and a slow response to initial
therapy. N Engl ¥ Med 1998;338:1663-71.


http://jcp.bmj.com

