Blood Transfusion and Prognosis

Prospective studies are under way trying to identify red
cell preparations without a detrimental effect on prognosis.
However, as Tartter points out [3], evidence from the laboratory
indicates that both red cells and red cell components are associ-
ated with immunosuppression. On the more comprehensive
problem, whether any kind of blood transfusion reduces sur-
vival, randomized studies, despite their statistical attractiveness,
are hardly ethically and practically feasible: both to transfuse
patients without any indication and/or to withhold necessary
transfusions would be unacceptable. As a consequence, analyses
of retrospective series are the main source of human data on the
prognostic effect of blood transfusion. Such analyses involve
potential problems with what Mosteller and Tukey [34] call
proxy variables, that is, variables reaching statistical significance
in the model, despite the lack of causality between these variables
and the response variable, because they act as stand-in for other
variables not available in deriving the model. Suggestions are
abundant in the literature that blood transfusion could be a
proxy variable for a number of other parameters, generally not
controlled for in the previously published analyses, all of which
would be associated with a poor prognosis: advanced stage
of disease, technically difficult surgery, prolonged operations,
anemia, and the skill of the surgeon. Except for the last of these,
such parameters may be considered as resulting from, rather
than causing in themselves, a poor prognosis. Thus multivariate
prognostic models may indirectly correct for these aspects
provided that the model represents a sufficiently detailed
description of prognosis as a function of clinico-pathological
characteristics.

CONCLUSION

A detrimental effect of whole blood transfusion after cancer
surgery was sought for in two relatively homogeneous groups
with radically operated Dukes’ B and C tumors, respectively.
Although such an effect was evident when univariate statistical
methods were used, this effect was explained by the uneven
distribution of established prognostic factors among groups
receiving none, moderate or massive whole blood transfusions.
This study illustrates the importance of correcting for other
prognostic factors when searching for an effect of blood trans-
fusions on survival in retrospective series.

. Gantt CL. Red cells for cancer patients. Lancet 1981, 2, 363.
. Francis DMA, Shenton BK. Blood transfusion and tumour growth.

Evidence from laboratory animals. Lancer 1981, 2, 871.

3. Tartter PI. Does blood transfusion predispose to cancer recurrence?
Am ¥ Clin Oncol 1989, 12, 169-172.

4. Schriemer PA, Longnecker DE, Mintz PD. The possible immuno-
suppressive effects of perioperative blood transfusion in cancer
patients. Anesthesiology 1988, 68, 422—428.

S. Collins JA. Recent developments in the area of massive transfusion.
World ¥ Surg 1987, 11, 75-81.

6. Burrows L, Tartter P. Effect of blood transfusion on colonic
malignancy recurrence rate. Lancer 1982, 2, 662.

7. OtaD, Alvarez L, Lichtiger B et al. Perioperative blood transfusions
in patients with colon carcinoma. Transfusion 1985, 25, 392-394.

8. Foster RS Jr, Costanza MC, Foster JC er al. Adverse relationship
between blood transfusions and survival after colectomy for colon
cancer. Cancer 1985, 55, 1195-1201.

9. Blumberg N, Agarwal M, Chuang C. Relation between recurrence
of cancer of the colon and blood transfusion. Br Med ¥ 1985, 290,
1037-1039.

10. Blair SD, Janvrin SB. Relation between cancer of the colon and
blood transfusion. Br Med ¥ 1985, 290, 1516-1517.

[N

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

463

. Nathanson SD, Tilley BC, Schultz L, Smith RF. Perioperative
allogeneic blood transfusions—survival in patients with resected
carcinomas of the colon and rectum. Arch Surg 1985, 120, 734-738.
Frankish PD, McNee RK, Alley PG, Woodfield DG. Relation
between cancer of the colon and blood transfusion. Br Med ¥ 1985,
290, 1827.

Corman J, Arnoux R, Peloquin A et al. Blood transfusions and
survival after colectomy for colorectal cancer. Can ¥ Surg 1986, 29,
325-329.

Parrott NR, Lennard TW], Taylor RMR ez «l. Effect of perioper-
ative blood transfusion on recurrence of colorectal cancer. Br ¥
Surg 1986, 73, 970-973.

Francis DMA, Judson RT. Blood transfusion and recurrence of
cancer of the colon and rectum. Br ¥ Surg 1987, 74, 26-30.

Voogt PJ, van de Velde CJH, Brand A ez al. Perioperative blood
transfusion and cancer prognosis. Different effects of blood trans-
fusion on prognosis of colon and breast cancer patients. Cancer
1987, 59, 836-843.

Weiden PL, Bean MA, Schultz P. Perioperative blood transfusion
does not increase the risk of colorectal cancer recurrence. Cancer
1987, 60, 870-874.

Creasy T, Veitch P, Beau PRF. A relationship between perioper-
ative blood transfusion and recurrence of carcinoma of the sigmoid
colon following potentially curative surgery. Ann R Coll Surg Engl
1987, 69, 100-103.

Ross W. Blood transfusion and colorectal cancer. ¥ R Coll Surg
Edinburgh 1987, 32, 197-201.

Kiff RS. Perioperative blood transfusion and recurrence of colorec-
tal carcinomas. Presented to the British Association of Surgical
Oncology, 26 April 1987, London.

Arnoux R, Corman ], Péloquin A er al. Adverse effect of blood
transfusions on patient survival after resection of rectal cancer. Can
F Surg 1988, 31, 121-126.

Balslev I, Pedersen M, Teglbjaerg PS et al. Postoperative radio-
therapy in rectosigmoid cancer Dukes’ B and C. Interim report
from a randomized multicentre study. Br J Cancer 1982, 46,
551-556.

Balslev I, Pedersen M, Teglbjaerg PS er al. Postoperative radio-
therapy in Dukes’ B and C carcinoma of the rectum and rectosig-
moid. A randomized multicenter study. Cancer 1986, 58, 22-28.
Bentzen SM, Balslev I, Pedersen M et al. A regression analysis of
prognostic factors after resection of Dukes’ B and C carcinoma of
the rectum and rectosigmoid. Does postoperative radiotherapy
change the prognosis? Br ¥ Cancer 1988, 58, 195-201.

Kronborg O, Fenger C, Bertelsen K er al. Escape clauses in a
multicentre trial. Unforeseen problems and their potential influence
on the general validity of the conclusions. Theoretr Surg 1988, 2,
157-164.

Dukes CE, Bussey HJR. The spread of rectal cancer and its effect
on prognosis. Br ¥ Surg 1958, 12, 309-320.

Cox DR. Regression models and life tables. ¥ R Stat Soc B 1972,
34, 187-220.

Blumberg N, Heal ], Chuang C, Murphy P, Agarwal M. Further
evidence supporting a cause and effect relationship between blood
transfusion and earlier cancer recurrence. Ann Surg 1988, 207,
410-415.

Kaplan E, Meier P. Nonparametric estimation from incomplete
observations. ¥ Am Stat Assoc 1958, 53, 457-481.

Mantel N. Evaluation of survival data and two new rank order
statistics arising in its consideration. Cancer Chemother Rep 1966,
50, 163-170.

Tarone RE. Tests for wrend in life table analysis. Biomeirika 1975,
62, 679-682.

Chapuis PH, Dent OE, Fischer et al. A multivariate analysis of
clinical and pathological variables in prognosis after resection of
large bowel cancer. Br ¥ Surg 1985, 72, 698-702.

Sugarbaker PH, Gunderson LL, Wittes RE. Colorectal cancer. In:
DeVita S et al., eds. Cancer. Principles and Practice of Oncology.
Philadelphia, JB Lippincott, 1985, Vol. 1, 795-884.

Mosteller F, Tukey JW. Data Analysis and Regression. A Second
Course in Statistics. Reading, Addison-Wesley, 1977, 317-331.

Acknowledgement—Supported by the Danish Cancer Society.



0277-5379/9083.00 + 0.00
Pergamon Press plc

Eur J Cancer, Vol. 26, No. 4, pp. 464—469, 1990.
Printed in Great Britain

Adjuvant Chemotherapy for Medulloblastoma: the
First Multi-centre Control Trial of the
International Society of Paediatric Oncology

(SIOP1I)

D.M. Tait, H. Thornton-Jones, H.]J.G. Bloom,* J. Lemerle and P. Morris-
Jones

Two hundred and eighty-six patients with medulloblastoma from 46 centres in 15 countries were treated in a
prospective randomized trial designed to assess the value of adjuvant chemotherapy. All patients were treated by
craniospinal irradiation. Those randomly allocated to receive adjuvant chemotherapy were given vincristine
during irradiation and maintenance CCNU and vincristine, given in 6-weekly cycles, for 1 year.

The overall survival was 53% at 5 years and 45% at 10 years. At the close of the trial in 1979, the difference
between the disease-free survival rate for the chemotherapy and control groups was statistically significant (P =
0.005). Since then, late relapses have occurred in the chemotherapy arm and the statistically significant difference
between the two groups has been lost. Although there is now no statistical difference between the two arms of
the trial, a benefit for chemotherapy persists in a number of sub-groups; partial or sub-total surgery (P = 0.007),
brainstem involvement (P = 0.001), and stage T3 and T4 disease (P = 0.002). A number of prognostic factors for
medulloblastoma have emerged; sub-total resection, extent of disease and being male sex carry a poor prognosis.
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IN 1975, the International Society of Paediatric Oncology (SIOP)
Brain Tumour Committee initiated a multi-centre randomized
trial to determine whether adjuvant chemotherapy improved
the survival rates of children with medulloblastoma and high-
grade ependymoma treated by surgery and post-operative
craniospinal (CNS) irradiation. At that time, reports of survival
in medulloblastoma varied widely, with the best results showing
survival rates of approximately 40% at 5 years and 30% at 10
years. Further improvement in survival was not anticipated
without the introduction of chemotherapy, since it was con-
sidered that neurosurgery and radiotherapy were at the limit of
normal tissue tolerance [1]. However, subsequent experience
reported that more radical conventional treatment could improve
survival rates to between 50 and 60% at 5 years [2, 3].

At the time the SIOP trial was designed, chemotherapy
activity in brain tumours had already been documented with
vincristine (VCR) [4-7]; 3-bis(2-choloroethyl)-1-nitrosourea
(BCNU) [8,9]; 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea
(CCNU) [10-12]; methotrexate [13-16]. The SIOP trial elected
to employ vincristine and CCNU delivered during and following

Correspondence to: D.M. Tait.

D.M. Tait is at the Department of Radiotherapy and Oncology, The
Royal Marsden Hospital, Downs Road, Sutton, Surrey, U.K. H.
Thornton-Jones is at the Thames Cancer Registry, Clifton Avenue,
Belmont, Sutton, Surrey, U.K. J. Lemerle is at the Paediatric Unit,
Institut Gustave Roussy, Villejuif, France and P. Morris-Jones is at the
Royal Manchester Children’s Hospital, Pendlebury, Manchester.
*Professor H.J.G. Bloom of The Royal Marsden Hospital, who was
instrumental in initiating this trial and was responsible for coilection
and collation of the data, died on 21st December 1988.

surgery and radiotherapy (Fig. 1). The feasibility of the approach
was tested in a pilot study conducted at The Royal Marsden
Hospital. In this study, 40 children given CCNU and vincristine
for medulloblastoma showed a highly significant improvement
in survival at 5 years when compared with historical controls
(70 vs. 32%, P < 0.0001)[17].

STUDY DESIGN

Patient eligibiliry

Criteria for eligibility were: age less than 16 years and a
previously untreated histologically verified cerebellar medullo-
blastoma or a high-grade (Kernohan grades 3 and 4) intracranial
ependymorma, arising either supratentorily or infratentorily.
Eligible patients had undergone a major surgical resection of
tumour and made a satisfactory post-operative recovery, with
radiotherapy commencing within 1 month of surgery.
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Fig. 1. SIOP I—medulloblastoma and ependymoma—trial design.
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Pre-surgical assessment

Pre-surgical patient assessment to establish the presence of a
posterior fossa mass varied over the years of the study. In
the early vears encephalography was commonly used, whereas
towards the end of the study CT examination was usual.
Assessment of the extent of tumour spread by examination of
the cerebrospinal fluid (CSF) and myelography was advised but
not mandatory.

Surgery

Surgical resection was as radical as possible without undue
risk to life and function. It was recommended that ventriculo-
atrial and ventriculo-peritoneal shunts should be avoided if
possible.

Where necessary, steroids were used to control raised intra-
cranial pressure, but were discontinued as soon as possible.
Unstained histological sections of tumour were sent for central
review.

Radiotherapy

Whole craniospinal, megavoltage or cobalt-60 radiotherapy
was started as soon as possible following post-operative recovery.
The protocol maximum tumour dose to the posterior fossa was
50-55 Gy with 35-45 Gy to the remainder of the brain in 7-8
weeks. The spinal cord dose was 30-35 Gy in 5-6 weeks.
Treatment was daily, S days per week (Monday to Friday). In
children under 2 years of age, the dose was reduced to 4045 Gy
to the posterior fossa with 30-35 Gy to the rest of the brain in
67 weeks and 30 Gy to the cord in 6 weeks.

Radiotherapy details were available in 260 of the 282 (92%)
children with medulloblastoma [18]. No matter how great the
protocol violation, no case was excluded from the analysis.

Chemotherapy

Vincristine and CCNU was randomly allocated to 164 patients
with medulloblastoma or high-grade ependymoma. Vincristine
was given by weekly injection (1 mg/m?) during radiotherapy
and both drugs being given for eight courses of maintenance
treatment commencing | month after completing irradiation
(Fig. 2). Courses were cycled every 6 weeks for 1 year and
consisted of oral CCNU (100 mg/m? on day 1) and intravenous
vincristine (1.5 mg/m? on days 1, 8 and 15).

Chemotherapy details were available for analysis in 110 of the
141 medulloblastoma patients randomized at treatment. The
results of this analysis have been previously published [18].

Clinical endpoints

The purpose of the trial was to determine whether adjuvant
chemotherapy improved survival rates in children with medullo-
blastoma or high-grade ependymoma treated by surgery and

COMBINED MODALITY REST MAINTENANCE CXT
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Fig. 2. SIOP I—combined chemo-radiation treatment schedule.
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post-operative whole CNS irradiation. All results reported here
refer to disease-free survival based on the log-rank test [19].
Tumour relapse had to be firmly established either by scintiscan,
CT scan, CSF cytology or, if necessary, biopsy. Recommen-
dations for treatment of relapse were given. For children who
had not previously received chemotherapy, limited re-irradiation
to the site or sites of tumour recurrence (30-35 Gray in 4-5
weeks) was recommended in conjunction with the trial chemo-
therapy protocol. Patients relapsing after adjuvant chemo-
therapy were recommended to receive limited re-irradiation
with the decision regarding adjuvant chemotherapy left to the
individual clinician in charge.

Statistical considerations

The randomization was stratified according to age group, sex
and extent of surgery since previous experience showed these to
be major prognostic factors. However, it is accepted that, since
the youngest age group (children aged under 2 years at diagnosis)
was scheduled in this protocol to receive a lower dose of
radiotherapy, age group and radiotherapy dose are difficult to
interpret.

Analysis of survival data, from time of operation, was carried
out strictly according to the original case randomization. There
have been no exclusions due to ineligibility after histological
review, failure to carry out the randomized treatment or any
protocol deviations. Of the patients with medulloblastoma, 141
were randomized to receive adjuvant chemotherapy during
irradiation and subsequently as maintenance treatment, and 145
to receive no chemotherapy. Only one patient was entirely lost
to follow-up, leaving 286 children for analysis. There were 208
boys (73%) and 78 girls (27%). Twenty-six children (9.1%) were
under the age of 2 years at the time of treatment, 191 (66.7%)
were between 2 and 9 years, and 69 (24.2%) were between 10
and 15 years.

Completeness of data collection

Pathology slides were received and reviewed from all but four
of the 286 (1%) medulloblastoma patients. Collection of data
regarding surgical and radiotherapeutic details was complete
in all but five and three respectively of the 286 patients.
Chemotherapy details were supplied for all but four of the 141
(3%) patients randomized to the chemotherapy arm.

Follow-up details were requested from participating centres
on a yearly basis. For those reported to be dead (125), follow-up
is obviously complete. For the remainder, 15% were lost to
follow-up by 5 years and 66% by 9 years. There is no difference
in the length of follow-up between the chemotherapy and control
arms of the trial.

RESULTS

The trial opened in 1975. Over the subsequent 5 years, 44
centres from 15 different countries entered 286 children with
medulloblastoma and 45 children with ependymoma. The 286
children with medulloblastoma are the subject of this paper; the
results of treatment in the patients with ependymoma will be
reported elsewhere. A list of participating centres and principal
coordinators is given in Appendix I. By September 1979, the
difference between the disease-free survival rate for chemo-
therapy and control groups of children with medulloblastoma
reached a statistically significant level (P = 0.005) and the trial
was closed to further case-entry since it was considered unethical
to proceed.
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Fig. 3. Disease-free survival by treatment arm in 1979.

Survival

The S-year overall and disease-free survival rates (time to
disease recurrence or death from other cause), for all children
with medulloblastoma were 53% and 48% respectively.

By 1979, there was a highly significant difference in disease-
free survival in favour of chemotherapy, between the two arms
of the trial (P = 0.005) (Fig. 3). With subsequent follow-up,
more late relapses occurred in the chemotherapy arm; nine
patients relapsed more than 5 years from surgery compared with
three patients in the control arm. As a result, the difference
between the two arms in disease-free survival has declined over
the years, and at last follow-up (1988) was only of borderline
significance (P = 0.07) (Fig. 4). However, an advantage for
chemotherapy has persisted in some patient sub-groups.

Prognostic factors
A number of prognostic factors have been examined; several
have emerged as strong predictors of survival (Table 1).

T-stage. T-stage proved to be a very strong predictor of
outcome. The 113 patients with early stage disease (T1, T2) had

Table 1

Groups % 5 year Significance
survival

Brainstem involved 41.4 NS
Brainstem not involved 51.7
Biopsy/partial surgery 333
Subtotal surgery 52.1)
Total surgery 50.8) P < 0.05
T1 and T2 tumours 64.6
T3 and T4 tumours 38.0 P < 0.005
Age < 2 38.5
Age 2-9 50.2
Age 10+ 47.0 NS
Male 44.6
Female 58.4 P < 0.025
Major centre 56.9
Minor centre 41.8 P < 0.005
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Fig. 4. Disease-free survival by treatment arm.

a64.6% disease-free survival at 5 years, as compared with 38.0%
in the 163 patients with advanced disease (T3, T4) (P < 0.005).

Extent of surgery. From the early years of analysis, patients
undergoing total (128) or sub-total (111) excision have tended
to do better than those in whom only a partial excision (39)
could be performed. The extent of the difference in disease-free
survival has fluctuated from year to year and at present shows
borderline significance (P < 0.05).

Size of participating centre. Centres were designated as ‘major’
if they had entered 20 or more patients into the trial. One
hundred and twenty-four patients were treated in major centres
and these patients had a significantly better disease-free survival
(P < 0.005) than the 162 patients treated at other centres.

Sex. Disease-free survival in girls was better than in boys (P =
0.012), the 10-year survival rates being 57 and 40% respectively
(P < 0.025).

Age. Although patients in the youngest age group (< 2 years)
appeared to do worst, it must be borne in mind that age and
radiotherapy dose are confounded in the trial, with the youngest
children receiving a lower dose of radiation.

Brain stem involvement did not appear to predict for disease-
free survival independently, the 94 children with brainstem
involvement having a similar probability of recurrence to the
174 children without brainstem disease.

Prognostic factors and type of treatment

Sub-group analysis was performed to examine the possibility
of interaction between tumour/patient characteristics and treat-
ment. A large effect was seen in a few sub-groups.

Brainstem involvement. Of the 94 patients with brainstem
involvement, 48 were randomized to the chemotherapy arm and
46 to the control group. Those who received chemotherapy
had a significantly better disease-free survival (P < 0.005), a
difference which has persisted throughout the years of follow-
up (Fig. 5).

T-stage. For the 113 patients with early stage disease (T1
and T2), chemotherapy had no effect on disease-free survival.
However, with advanced disease (T3 and T4), the 91 patients
who received chemotherapy had a significantly better disease-
free survival (P = 0.002) than the 72 control patients (Fig. 6).
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by treatment arm.

Extent of surgery. In the 128 patients who had undergone total
resection, there was no tendency for chemotherapy to improve
survival. However, a positive effect for chemotherapy was
detected in those children whose resection was either partial or
subtotal (P < 0.01) (Fig. 7).

Toxicity

Details of acute toxicity and its influence on treatment delivery
have been previously reported [18]. Of the four non-tumour
deaths in the chemotherapy arm, there was one patient in whom
chemotherapy could have coniributed to death. This was a 3-
year-old boy in whom there was a protocol error with delivery
of maintenance chemotherapy for 2 years instead of the specified
1 year period.

Two patients have developed a second malignancy, neither of
whom received adjuvant chemotherapy. In one a meningioma
occurred within the area of the posterior fossa boost 9 years after
treatment. The other developed a soft tissue mass in the occipital
region after 10 years which histologically was classified a$ a low
grade sarcoma. So far both patients remain alive after local
surgery only. There have been no reported cases of leukaemia
in the follow-up period.

DISCUSSION
Randomized trials in rare tumours, such as medulloblastoma
and ependymoma, require multi-centre collaboration. Despite
this, it may take many years to accrue the necessary patient
numbers.
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Although multi-centre trials have proved useful in advancing
the management of rare childhood tumours, experience has
demonstrated inherent problems in this form of research. Vari-
ation between centres, in terms of number of referrals, clinical
experience, facilities and resources available for treatment, mean
that protocol deviations are inevitable.

Maintenance of motivation among geographically dispersed
centres over a prolonged period, particularly where the initial
level of commitment of each centre may have differed appreci-
ably, is difficult. As a result, data collection and follow-up may
be incomplete. This is compounded by issues of confidentiality
to which some European countries are particularly sensitive.
These issues may become more pertinent when the care of
children in the trial is taken over by a clinician unfamiliar with
the trial, as is often the case with the approach of adulthood.

A project of this magnitude inevitably represents a long-term
commitment, and there is an inescapable loss of timeliness in
that many of the issues being explored may no longer be relevant.
This has been one of the major criticisms of the SIOP I study;
by the time the analysis was underway the chemotherapy used
and its scheduling was no longer considered optimal. However,
when the trial was designed in the early 1970s, the introduction
of combination chemotherapy during and following cranio-
spinal irradiation was considered to be a radical approach. The
results and criticisms of this trial had a major influence on the
design of the second SIOP medulloblastoma trial in which the
effect of giving a more intensive module of chemotherapy
between surgery and radiotherapy was tested. However, prelimi-
nary results suggest that this approach has failed to exhibit a
chemotherapy benefit [20]. As regards the design of future
studies, the range of single chemotherapeutic agents with
demonstrable activity in medulloblastoma is now much
expanded and includes cisplatinum [21, 22], carboplatin [23,
24], cyclophosphamide [25] and ifosphamide [26]. As yet there
are no data for etoposide as a single agent, or for methotrexate
in adequate dosage for CNS penetration. The combination of
vincristine, cis-platinum and CCNU [27], and of vincristine and
cyclophosphamide [28] have produced encouraging results in
phase I1 studies.

Despite the shortcomings outlined, mulu-cultural studies of
this type also have indisputable strengths. In particular, it can
be argued that implementing a treatment protocol over a wider
range of clinical settings, with very different resources at their
disposal, is a far better indicator of future efficacy than a protocol
tested in a single centre. Nor should one overlook the benefits
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to patients being treated in smaller centres where adherence to a
protocol may improve overall management [29].

The aim of this trial was to examine the effectiveness of
chemotherapy, and therefore the single planned comparison
was that between the chemotherapy and control arms. This
comparison is thus of major importance and will be considered
first; other findings, being incidental, will be considered separ-
ately.

As patients accrued and the trial matured, the difference
between the chemotherapy and control arms became large
and significant, until in 1979, 5 years into the trial with 286
medulloblastoma patients entered, the difference was such that
it was considered unethical to deprive patients of chemotherapy.
The trial was therefore closed at this stage. In subsequent years,
however, the difference between the two groups has diminished
and no longer achieves a conventional level of significance.

The reason for the instability of the difference was initially
unclear. It is true that the trial was closed before patient accrual
had allowed for the commonly accepted 80% power to detect a
difference significant at the 5% level, for which some 350 patients
would have been needed. However, it is also accepted that the
size of the observed difference at that time was sufficient to
render the conduct of the trial along the previously agreed lines
not feasible. Whether or not it was right to terminate the trial at
that time may well remain in dispute. However, the subsequent
diminution of the difference between chemotherapy and control
groups, due to late treatment failures in the patients who received
chemotherapy, demonstrates an effect of chemotherapy in terms
of growth delay. The decision to terminate the trial at an
early stage is vindicated by the real but transient effect of
chemotherapy which did not contribute to cure.

The prognostic factors, brainstem involvement, extent of
surgery and T-stage, are inter-related. However, there were
problems with definition of clinical status and subsequent allo-
cation to sub-groups. For example, of the 94 patients described
as having brainstem involvement, 18 were reported as having
had total removal of tumour, which seems unlikely. Because of
the uncertainty associated with this part of the data, a detailed
analysis of the independence of these prognostic factors has not
been performed.

The apparently better results achieved in the major centres
may represent a greater intensity of treatment, not only in
terms of extent of surgery, but also in willingness to deliver
radiotherapy and chemotherapy despite acute toxicity, particu-
larly myelosuppression.

The proportion of males in this trial (74.2%) was higher than
that found in a North American trial conducted over a similar
period (64.7%) [30]. In part, this may result from the population
of international and tertiary referrals in the European study,
particularly to the larger centres which tended to include more
male children. The exception was the Institut Gustave-Roussy
where equal numbers of boys and girls were entered. The non-
European origin of a proportion of male patients may have
contributed to the fact that girls had a statistically better disease-
free survival compared with boys.

The analyses of the effect of chemotherapy in subgroups were
unplanned; had the planned comparison been highly significant,
far less credence would have been placed on the result of the
subgroup analyses. It is recognised that, when performing
unplanned analyses in sub-groups, the type I error rate is likely
to be high, and adjustments to the nominal significance level
should be made to allow for this. Moreover, when simulations
to estimate the true significance levels were performed on the

D.M. Taitetal.

data from this trial [31], even the adjustments recommended by
standard statistical theory overestimated the significance levels
in subgroups where the planned comparison is of marginal
significance, as it is here. In other words, despite the size of the
differences between treatment arms in some of the sub-groups,
the interpretation of this is far from clear cut and critical
examination is warranted. For example, it is difficult to envisage
the mechanism whereby chemotherapy would have such a large
effect in certain sub-groups, such as brainstem positive and
advanced T-stage, but have no effect in the less severely affected
counterparts, brainstem negative and early T-stage. Although
the magnitude of effect might be variable for certain circum-
stances, the trend would be expected to be in the same direction.
Furthermore, in tumours where adjuvant chemotherapy has
shown an effect on disease-free survival, this is usually most
evident where tumour load is minimal. However, the finding of
a similar trend in sub-group analysis in the Children’s Cancer
Study Group (CCSG) study could arguably give strength to the
SIOP result [30]. This North American study using CCNU,
vincristine and prednisolone has shown similar results to the
present study with no significant difference in survival between
the two treatment arms.
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