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PAPERS AND ORIGINALS

Effects of varying radiation schedule, cyclophosphamide
treatment, and duration of treatment in acute
lymphoblastic leukaemia

Report to the Medical Research Council by the Working Party on Leukaemia in Childhood

British Medical journal, 1978, 2, 787-791

Summary and conclusions

In a multicentre trial of treatment for acute lympho-
blastic leukaemia the effects of three types of central
nervous system prophylaxis, the inclusion of cyclo-
phosphamide, and the total duration of chemotherapy
were assessed. A schedule with a high dose of spinal
irradiation (2400 rads) without intrathecal metho-
trexate was inferior to schedules with some (1000 rads)
or no spinal irradiation but with intrathecal metho-
trexate. The addition of cyclophosphamide 600 mg/M2
given intravenously every 12 weeks was of no benefit and
was possibly deleterious. There was no advantage in
adding four 12-week courses of chemotherapy after
eight courses (total duration two years) had been
given. Girls fared significantly better than boys, the dif-
ference being only partly due to the occurrence oftesticu-
lar relapse.

Introduction

In a trial of treatment for acute lymphoblastic leukaemia (the
UKALL II trial) children and young adults with acute lympho-
blastic leukaemia were treated with a regimen that had three
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main variables. These were randomised allocation to receive
cyclophosphamide every 12 weeks or not, randomised duration
of chemotherapy of either eight or 12 courses lasting 12 weeks
each, and a mainly non-randomised variation in the type of
central nervous system (CNS) prophylaxis.

Description of trial

Children over the age of 1 year, adolescents, and young adults
with previously untreated acute lymphoblastic leukaemia were eligible
for' inclusion, the criteria for diagnosis being the same as those in
previous trials.' The present analysis is restricted to patients aged
under 20. Cases of unequivocal myeloid luekaemia were excluded
from the trial, but ambiguous cases were retained. One such case was
later rejected because at relapse at 18 weeks the myeloid nature of the
leukaemia became evident. Entry to the trial was from 1 January 1972
until 30 September 1973. Radiotherapy and induction chemotherapy
were modified in March 1973. The initial trial (admission January
1972 to March 1973) is referred to throughout as UKALL II (initial)
and the later.trial (admission March to September 1973) as UKALL II
(modified).

INITIAL PROTOCOL

Chemotherapy-Figure 1 shows the plan of treatment. All patients
in complete remission at the end of week 12 began a series of eight or
12 cycles of chemotherapy lasting 12 weeks each. The single variable
in this part of the trial was the inclusion or omission of cyclophos-
phamide, which was given as an intravenous injection of 600 mg/M2
at the beginning ofthe 11th week ofeach cycle; patients were randomly
allocated to two equal groups without stratification.
CNS prophylaxis-Two forms of prophylaxis were originally used:

either 2400 rads to both cranium and spinal cord without intrathecal
methotrexate; or 2400 rads to cranium, 1000 rads to spine, and five
intrathecal doses of methotrexate (10 mg/M2, maximum 12 mg) at
about weekly intervals. Initially centres were divided into those that
adopted the high-dose spinal irradiation schedule for all cases, those
that adopted the low-dose schedule for all cases, and those that
randomised between the two (39 cases at four centres). The choice
of schedule to some extent reflected the different facilities at the
centres-for example, in some places the location and organisation
of the radiotherapy departments made it difficult to undertake lumbar
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punctures during a course of irradiation. Owing to difficulties in

managing patients on the high-dose schedule, however, all centres

used the low-dose-only schedule from December 1972 to March 1973.
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FIG 1-Protocol of treatment in UKALL II. Week 13-24 is repeated
as a 12-week module; MTX given for five days in all subsequent
courses. BM Bone marrow aspiration. LP Lumbar puncture.

MP =Mercaptopurine. MTX =Methotrexate. VCR =Vincristine. CA=

Cytosine arabinoside. IT =Intrathecally. IV =Intravenously. TM Intra-

muscularly. SC Subcutaneously.
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TRIAL AMENDMENT: UKALL II MODIFIED

From March to September 1973 spinal irradiation was omitted

and all patients received 2400 rads to cranium and five intrathecal

doses of methotrexate. Also from March, as a consequence of neutro-

penia and deaths from infection occurring early in treatment, the

course of asparaginase (colaspase) was deferred to about the fourth

week, when bone-marrow recovery had in most cases begun.2
In this modified part of the trial all patients were allocated to

receive cyclophosphamide. Table I summarises the various treatments

in both parts of the trial.

Results

Three hundred and twelve patients aged under 20 were correctly
entered to the trial, 217 to the initial and 95 to the modified parts.

Details of these patients are shown in table II. Of the 312 patients,
287 achieved remission and were still in first remission at the end of

the period of CNS prophylaxis (12 weeks). Ten patients died of infec-

tion or haemorrhage within two weeks of diagnosis; the other 15

failed to remit, had early CNS disease (before prophylaxis), or relapsed
before 12 weeks. In addition, three patients in remission were with-

drawn during this period, one owing to forthcoming emigration and

two to early difficulties with treatment before CNS prophylaxis. All

analyses of prognostic factors and radiotherapy are based on the

remaining 284 patients, who were in complete remission 12 weeks after

entry. Three of these were withdrawn before the cyclophosphamide
randomisation at week 22: two suffered severe marrow depression,

and one had no accessible veins for injection. All three continued in

TABLE I-Details of variations in the two parts of UKALL II trial

Maintenance Duration of
Date of entry Induction CNS prophylaxia treatment maintenance

treatment

Initial
Jan 1972-Mar 1973 Aaparaginaae in first 2400 rada to cranium and 2400 rada to apine Cyclophoaphamide 8 couraea

week or or or
2400 rada to cranium, 1000 rada to apine, and 5 doaea of no cyclophoaphamide* 12 coursea*
intrathecal methotrexate (10 mg/in2)

Modified
Mar-Sept 1973 Aaparaginase deferred 2400 rada to cranium and 5 doaea of intrathecal iCyclophosphamide I8 couraea or 12 courses*I ~~~~~~~methotrexate (10 mg/m2')II

TABLE li-Details of Patients admitted to initial and modified parts of UKALL II trial according to radiotherapy and cyclophosphamide treatment received. Figures
are numbers of patients

Wlhite cell count Mediastinal Sex Age in years
eniargement Total

sC20x 10'1/l1 >20x 109/1 No Yeas MI F 1-3j 4-7 8-12J 13+

Remission induction
Not in remission at 3months 15 10 24 1 17 8 11 6 4 4 25
Withdrawn within 3 montha .3 3 3 3 3
Admitted to UKALL II initial (cranioapinal
radiotherapy)1365 13 9 17 8 72 7 40 3 22

Admitted to UKALL II modified (cranial1365 93 9 17 8 72 7 40 3 22
radiotherapy) .. 62 20 79 3 43 39 36 31 7 8 32

Total . 217 95 299 13 177 135 122 114 51 2 32
Radiotherapy

UKALL II initial:
Low spinal radiotherapy..72 33 101 4 57 48 36 43 17 9 105
High spinal radiotherapy 55 29 81 3 53 31 29 30 21 4 84
Radiotherapy deviation.10 3 11 2 7 6 7 4 2 13

UKALL II modified:
Cranial radiotherapy.58 19 75 2 40 37 33 30 6 8 77
Radiotherapy deviation.4 1 4 1 3 2 3 1 1 5

Cyclophosphamide treatment
UKALL II initial:

Relapsed before treatment begun . . 15 13 2 11 4 3 5 6 1 15
Withdrawn before treatment begun .2 2 2 1 1 2
Allocated to treatment (though 7 patienta did

not receive it) .. ' . 70 22 87 5 59 33 32 37 15 8 92
Allocated to no treatmnent (though 8 patienta

received it).65 28 91 2 47 46 36 35 18 4 93
UKALL I1-modified:

Relapaed before treatment begunI. 11 2 2 2 2
Withdrawn before treatment begun . . 1 1 1 1
All allocated to treatment (though 7 did not

receive it) .. 61 18 76 3 40 39 33 31 7 8 79
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first remission. These three, together with 17 patients who relapsed
or died during the first course of continuing chemotherapy, were
included in all analyses except those relating to cyclophosphamide
treatment. The 17 patients included five who relapsed and one who
died in remission (two allocated to treatment with cyclophosphamide,
four to no cyclophosphamide) between weeks 22 and 33; these six
patients had not reached week 22 of the protocol owing to delays
caused by infection and marrow depression. Since these patients were
excluded from the analyses relating to actual or allocated cyclo-
phosphamide treatment (see fig 5) a spuriously low rate of early
relapse resulted. Including these patients according to allocated
cyclophosphamide treatment would reduce the estimated proportion
in first remission at eight months by about 2%.

SEX

Girls fared much better than boys in both parts of the trial (fig 2).
This was partly due to the high incidence of testicular relapse after
chemotherapy was stopped,3 but the incidence of isolated haematolo-
gical relapse (patients who died in remission and cases of other
relapse excluded from analysis) was also higher in boys-at five years
the cumulative incidence of marrow relapse was 0-28 in girls and
0-54 in boys.
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FIG 3-Duration of first remission for all patients according to
form of CNS prophylaxis. "Deviations" indicates patients whose
radiotherapy was substantially different from that received by the
others.
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FIG 2-Duration of first remission according to sex for all patients
in remission at end of 12 weeks' treatment. All types of relapse
and death in remission are included.

CNS PROPHYLAXIS

Figure 3 shows the duration of complete remission according to
the type ofCNS prophylaxis. The high dose to the spine appears to be
least effective, but further analysis shows that disease-free survival
in "low-risk" patients (those with initial white cell count below
20 x 109/l (20 000/mm3) and aged under 13) was not influenced by
the form of CNS prophylaxis, while high-risk patients (white cell
count over 20 x 109/l or aged over 13, or both) had a high rate of
early relapse after high-dose spinal radiotherapy (fig 4-P <0-01,
comparing 2400 rads and 1000 rads to the spine). The incidence of
meningeal relapse (cases of isolated haematological relapse and death
in remission excluded from analysis) was lowest in patients receiving
low-dose spinal radiotherapy, though the difference was not sig-
nificant.

Patients whose radiotherapy was substantially different from the
three nominal alternatives-for example, less than 2000 rads-are
shown as "deviations" in fig 3. They were too few for separate analysis,
but their inclusion according to allocated treatment (as randomised;
or according to the radiotherapy selected by their centre) does not
affect the results substantially.

CYCLOPHOSPHAMIDE

The administration of a single dose of cyclophosphamide 600 mg/M2
every 12 weeks was well tolerated and did not interfere with the rest
of the treatment, as was the intention. Table III shows the doses of

LL Cranial only (n-23)

L--Low-dose spinal (n-40)

*-., L~~~~~~~~~~~~~~~

.................

High-dose, spinal (n-26).

....................

0
Years

1 2 3 4 5 6

FIG 4-Duration of first remission for "high-risk" patients-that
is, those aged 13-20 or with initial leucocyte count above 20 x 109/1,
or both-according to form of CNS prophylaxis.

TABLE III-Methotrexate dose (as percentage of protocol maximum dose) related
to cyclophosphamide treatment in 30 patients relapsing after 100 weeks and 30
controls, matched according to age and initial blood count, who remained in
remission. Figures are numbers of patients

Methotrexate dose No cyclophosphamide Cyclophosphamide

Patients continuing in remission
<50% 3
50-74% 10 7
75-1000% 3 7

Patients relapsing after 100 weeks
<50%0/ 1
50-74 0% 6 7
75-1000%O 6 10

methotrexate given to two groups of patients receiving and not receiv-
ing cyclophosphamide.

In the initial part of the trial, in which patients were randomised to
receive cyclophosphamide or not, the duration of remission was
significantly shorter in those allocated to receive the drug. This
difference was partly due to unequal distribution of the sexes, as
59 out of 106 boys and 33 out of 79 girls were allocated to treatment
with cyclophosphamide and girls fared better than boys in both
randomised groups. Nevertheless, even when this unequal distribu-
tion is allowed for, the difference remained for complete remission
(P < 0-05) and apparently for haematological remission (P < 0-10, cases
of death in remission or other relapse being excluded from analysis).
The difference disappears, however, when actual rather than allocated
treatment is considered (fig 5). Only one out of seven patients who
should have received cyclophosphamide but did not remained in
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remission, compared with seven out of eight who received it in error.

This anomalous inversion, in which cyclophosphamide was advan-

tageous only in patients who received the drug by mistake, is difficult

to explain, especially as the deviations appear to have been due to

bona fide errors. The risk of testicular relapse showed a similar

unexplained correlation.' In the modified part of the trial all patients

were allocated to receive cyclophosphamide: irrespective of sex they

experienced a relapse rate similar to that of patients in the early part

of the trial.
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FIG 5-Duration of first remission in initial and modified parts of
trial according to actual cyclophosphamide treatment. Cyclo 0 =
Without cyclophosphamide. Cyclo+ =With cyclophosphamide.

During the trial 11 patients died while in remission, of whom six
were receiving cyclophosphamide. These figures, the number of
infections sustained, and the lymphocyte counts suggest that cyclo-

phosphamide did not have any important immunosuppressive effect

in this trial.

DURATION OF TREATMENT

Allocating patients to eight or 12 courses lasting 12 weeks each gave

a minimum total treatment period of 108 or 156 weeks. Analysis of

relapses for boys and girls completing eight courses (fig 6) showed

that, although continuing treatment in the third year might have
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FIG 6-Duration of first remission in all patients completing
eight courses of treatment without relapse.

postponed some relapses in boys, it had little effect on the proportion
remaining in remission four or five years after diagnosis. The relapse
rate among girls was actually higher in those who continued than
in those who stopped treatment after two years, although the difference
was not significant.

BRITISH MEDICAL JOURNAL 16 SEPTEMBER 1978

Discussion

Sex as a factor affecting duration of remission-Perhaps the
most surprising fact to emerge from this trial was the wide
divergence in results for girls and boys. In few previous trials
have the two sexes been analysed separately, and authors have
shown only the similar incidences for male and female patients
in the contrasted groups. One exception is the study reported
by Zippin et al,4 in which the relatively good prognosis for girls
aged 4-10 was noted. It remains to be seen whether our results
are paralleled elsewhere, but there may have been an increase
in the incidence of testicular disease in boys in both Britain
and North America,5 which may be related to their increased
rate of bone-marrow relapse. Further investigation of this aspect
of the disease is in progress.
CNS prophylaxis-Deductions relating to the various types

of CNS prophylaxis are somewhat unreliable because the com-
parisons were largely made between unrandomised and asyn-
chronous data. We found that giving 2400 rads to the spine
was often unsatisfactory as it tended to delay the resumption
of systemic chemotherapy, which appears to be critical in high-
risk patients, in whom relapse tends to occur earlier. Further-
more, the occurrence of 10 cases of meningeal relapse out of 75
cases suggests that a schedule of irradiation only is insufficient
prophylaxis and some intrathecal methotrexate is necessary.
The need for 1000 rads of spinal irradiation remains uncertain.
It was originally abandoned owing to the degree of lymphopenia
it caused,6 but there is no evidence that this was accompanied
by higher morbidity due to infection. Initially the duration of
remission apparently improved when spinal irradiation was
dropped, particularly among high-risk patients (fig 4), but the
advantage was later eliminated. This was partly due to meningeal
relapse, which occurred in seven out of 77 patients when
irradiation was omitted; with the 1000-rads schedule only a
single, atypical case occurred, after an attack of measles.

Cyclophosphamide-Interpreting the data on cyclophospham-
ide treatment is difficult. As given in this trial, cyclophosphamide
was not immunosuppressive and did not affect the tolerable
dosage of other drugs. There is no evidence that it was beneficial
in any group of patients, however defined, and it may have
contributed to the poor results in boys partly through its influ-
ence on testicular disease, whose role as a sanctuary site may be
critical.3 The adverse effects of spinal irradiation and cyclo-
phosphamide may be considered together since in this trial
there was some interaction between the two; thus in cases in
which spinal irradiation was given cyclophosphamide appeared
to be deleterious in a synchronous randomised comparison, but
when spinal irradiation was omitted and all patients received
the drug the remission rates were as good as those in patients
in the no-cyclophosphamide arm of the initial part of the trial.
Non-synchronous comparisons are hazardous, but possibly
non-selective antileukaemic agents such as spinal irradiation
and cyclophosphamide can combine to produce an antithera-
peutic effect, possibly by diminishing the regenerative capacity
of the normal haemopoietic cells more than that of the leukaemic
cells. Hitherto, such a principle has not been taken into account
in designing treatment protocols, but it should be considered
and tested in the future.

Duration of treatment-Varying the duration of treatment had
a surprising lack of effect in both boys and girls. This contrasts
with the previous trial, UKALL I,7 in which three years of
treatment for boys was distinctly better than nineteen months,
and better than any arm of UKALL II. Girls did as well on
UKALL I as on UKALL II, irrespective of duration of treat-
ment.
Thus the facts requiring explanation are that two different

regimens of treatment, each of two different durations, are
equally good for girls, but that only the UKALL I regimen,
continued to three years, brings the remission rate in boys up
to the same level. Possible explanations are chance (the late
relapses in boys in UKALL I were only nine out of 24 and five

(). n
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out of 25); the possible benefit of relatively high doses of
asparaginase and cytosine arabinoside (cytarabine) given' early
in UKALL I; and the relative merits of the different schedules
of methotrexate and mercaptopurine. The importance of the
testis as a sanctuary site might be relevant if, for example, its
effect could be overcome only by particular tissue concentrations
of, say, methotrexate, and if those concentrations could be more
easily attained by one schedule-for example UKALL I-
than by another.

The help of Dr A Swan and Dr N G Richardson is gratefully
acknowledged.
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Refractory acute leukaemia in adults treated with sequential
colaspase and high-dose methotrexate*
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Summary and conclusions

Thirty-nine adults with acute leukaemia who had re-
lapsed when receiving extensive chemotherapy were
treated with a combination of methotrexate and colas-
pase (L-asparaginase) given sequentially. Patients initi-
ally received 50-80 mg/M2 methotrexate, followed three
hours later by intravenous colaspase, 40 000 lU/M2.
Seven days later intravenous methotrexate, 120 mg/M2
was given. Each dose of methotrexate was followed 24
hours later by colaspase, and the two-day course of
treatment was repeated every 7-14 days. The metho-
trexate dose was increased to tolerance by increments of
40 mg/M2 with each course, while the colaspase dose
remained constant unless abnormal liver function
developed, when it was reduced by half.

Overall, 18 out of 39 patients achieved complete
remission (46%). Of these, 13 out of 21 (62%) had acute
lymphoblastic leukaemia, three out of seven (43%)
acute undifferentiated leukaemia, and two out of 11
(18%) acute myeloblastic leukaemia. The median dura-
tion of complete remission was 20 weeks and the median
duration of survival in complete responders was 45
weeks. The median number of courses needed to achieve
complete remission was three. The maximum tolerated
dose of methotrexate was 400 mg/M2 (median 200 Mg/m2).
Major side effects were due to colaspase. Methotrexate in
doses of up to 400 mg/mi caused minimal myelosup-
pression and stomatitis, which suggested that colaspase

*Part of this paper was presented at the annual meeting of the American
Society of Clinical Oncology, Washington, DC, April 1978, and at the
XVII Congress of the International Society of Hematology, Paris, France,
July 1978.
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given sequentially provides relative protection from
methotrexate toxicity without the need for folinic acid
(citrovorum factor) rescue.
The combination of sequential colaspase and metho-

trexate is highly effective in reinducing remission in
patients with acute lymphoblastic leukaemia or acute
undifferentiated leukaemia. The regimen is easy to
administer and relatively non-toxic, so it is suitable for
use in outpatients, either alone or combined with other
agents.

Introduction

Recently, several investigators have reported on the use of high-
dose methotrexate with folinic acid (citrovorum factor) rescue
in patients with refractory acute leukaemias.'4 Nevertheless,
the restriction of this regimen to centres with facilities for
frequent monitoring of the patient to avoid severe toxicity and
the enormous costs of the programme make it impracticable for
widespread use. The combination of colaspase (L-asparaginase)
and methotrexate may be synergistic or antagonistic, depending
on the dose and type of schedule used.5-8 If colaspase is given
just before methotrexate the cytotoxic effect of methotrexate is
considerably reduced. Conversely, if the interval between
colaspase administration and that of methotrexate is lengthened
by 7 to 14 days the therapeutic effects of methotrexate may be
enhanced with minimal or no methotrexate toxicity. I Colaspase
seems to act as a "rescue" for normal cells from methotrexate
toxicity, while potentiating the antineoplastic effect of metho-
trexate. Although this selective rescue has been explained
kinetically,7the basic reasons are unknown. Nevertheless,
preliminary clinical experience seems to validate it empirically.
A preliminary report9 on the use of sequential colaspase and

high-dose methotrexate prompted us to investigate this com-
bined treatment in adult patients with refractory acute
leukaemia. We now report the results of treatment in the first
39 patients.

Patients and methods

Thirty-nine patients (27 men, 12 women; median age 25 years,
range 16-67) with previously treated acute leukaemia were included in
the study. Twenty-one patients had acute lymphoblastic leukaemia,
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