
223

Outcome of Children with High-Risk Medulloblastoma Treated
with Pre-Irradiation Chemotherapy

WAEL H. EL-SAWY, M.D.

The Department of Clinical Oncology, Faculty of Medicine, Zagazig University.

Journal of the Egyptian Nat. Cancer Inst., Vol. 13, No. 3, September: 223-228, 2001

surgery and craniospinal irradiation have been
the mainstay of treatment, overall survival (OS)
rates of less than 50% to 60% have encouraged
the use of adjuvant and neoadjuvant chemother-
apy. The impact of chemotherapy in improve-
ment of survival has been documented largely
in-patients with advanced disease at diagnosis
[5,24]. The study of patterns of failure has
played an important role in improving the out-
come in-patients with medulloblastoma. The
earlier use of surgery alone resulted in virtually
no cures and high rates of local failure [16]. The
addition of posterior fossa radiotherapy follow-
ing surgical resection improved the local con-
trol in the posterior fossa, but the outcome was
still poor because of disease recurrence else-
where in the neuraxis [16,20]. Clinical features
associated with a high risk of treatment failure
and death include young age, incomplete surgi-
cal resection and metastatic disease in the cere-
brospinal fluid, spine, or brain at diagnosis
[5,24]. In-patients with high-risk tumors, disease
free survival is less than 40-50% with surgery
and craniospinal irradiation (CSI) [5,24]. Pa-
tients older than 3 years of age with gross total
resection of the primary and no evidence of
metastatic disease have a lower risk for treat-
ment failure and may obtain long-term survival
rates of 60-70% [3,11]. Many investigators sug-
gested the administration of chemotherapy fol-
lowing surgery and prior to radiotherapy in me-
dulloblastoma, as the delivery of chemotherapy
to the tumor might be maximal between surgery
and radiotherapy resulting in higher activity and
low toxicity of chemotherapy. This may be ex-
plained by disruption of the blood brain barrier
and unchanged vascularization of the tumor due
to radiation therapy [1,7,8,14,15,17,18,19]. Based

ABSTRACT
Purpose: Our aim was to determine whether: pre-

irradiation chemotherapy is active and feasible in children
with meduloblastoma.

Patients and methods: Twenty-one patients with high-
risk medulloblastoma were given preirradiation chemo-
therapy as initial postoperative treatment at Radiation On-
cology Unit from June 1997 through December 1999, pa-
tients were treated within 2 to 6 weeks after initial surgery
with Cisplatin 100 mg/m2 I.V. infusion over 6 hours day 1
with hydration and diuresis, Vincristine 1.5 mg/m2 I.V.
push days 1 and 8 (maximum 2 mg), Procarbazine 100
mg/m2 PO, days 1 to 14 and Prednisone 40 mg/m2 PO,
days 1 to 14. Cycles of chemotherapy were given 28 days
apart. In the absence of progressive disease, all patients re-
ceived 3 cycles of chemotherapy, standard craniospinal ir-
radiation followed by 3 cycles of the same chemotherapy
regimen given before irradiation.

Results: Among 21 assessable patients, Seventeen
with (M0) disease, four had CR, seven had PR and six had
SD. Among four patients with (M1) disease at diagnosis,
one had CR and three had PR after completion of three cy-
cles of pre-irradiation chemotherapy. After craniospinal ir-
radiation, out of ten patients with PR to pre-irradiation
chemotherapy, five achieved CR and out of six patients
with SD, three achieved PR and the other three remain
SD. at the end of three cycles of post-radiation chemother-
apy, there were fourteen patients with CR, five with PR
and two with SD. The 3-years PFS was 66.7±10%. The
median follow-up time for all survivors was 32 months
(range, 20 to 44). Myelosuppression was the predominant
toxic effect with preirradiation chemotherapy.

Conclusion: Our preliminary results of neoadjuvant
chemotherapy in-patients with high-risk medulloblastoma
are encouraging and this modality of treatment can be ap-
plied safely with acceptable toxicity.
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INTRODUCTION

Medulloblastoma is the most common ma-
lignant brain tumor in children [9,13]. Although
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formed consent stating that they were aware of
the investigational nature of this study.

Preirradiation chemotherapy:
Within 2 to 6 weeks (median 3) of initial

surgery, patients began pre-irradiation chemo-
therapy with Cisplatin 100 mg/m2 I.V. infusion
over 6 hours day 1 with hydration and diuresis,
Vincristine 1.5 mg/m2 I.V. push days 1 and 8
(maximum 2 mg), Procarbazine 100 mg/m2 PO,
days 1 to 14 and Prednisone 40 mg/m2 PO,
days 1 to 14. Cycles of chemotherapy were giv-
en 28 days apart.

Patients with prolonged myelosuppression
that resulted in ≥ 28-day interval between cy-
cles of chemotherapy had doses of the 4 drugs
reduced by 25% in all subsequent cycles. In the
absence of progressive disease, all patients re-
ceived 3 cycles of chemotherapy before irradia-
tion; imaging evaluation were performed after
the 2nd and 3rd cycles or sooner if clinically in-
dicated.

Criteria of response:
Response was determined by comparing the

product of the largest two cross-sectional diam-
eters of the tumor on CT or MRI scan before
and after chemotherapy. A complete response
(CR) was defined as disappearance of all tumor
for a duration of ≥ 4 weeks. A partial response
(PR) was defined as ≥ 50% decrease in the
product of the cross-sectional diameters for a
similar duration. Patients with a less than 25%
decrease or increase in the product of the diam-
eters were considered to have stable disease
(SD). Progressive disease (PD) was defined as
an increase of greater than 25% in the product
of the cross-sectional diameters or the appear-
ance of any new lesions. Responses in the pri-
mary and metastatic sites were evaluated separ-
ately.

Radiation therapy:
In absence of progressive (PD) on chemo-

therapy, patients were to begin craniospinal ir-
radiation 4 weeks after the 3rd cycle of chemo-
therapy. The cranial portion was treated with 2
parallel-opposed lateral fields for a dose of 36
Gy/20 fractions (180 cGy/fraction). The neu-
raxis was treated through single direct or 2 di-
rect-gaped fields to the level of the 2nd sacral
vertebra. The spinal fields were appropriately
matched, the match lines were shifted every 10
Gy to avoid overdosing or underdosing to seg-

on the previous data, we conducted a prospec-
tive trial in June 1997 in an attempt to evaluate
the role of neoadjuvant chemotherapy prior to
craniospinal irradiation in children with medul-
loblastoma. Our aim was to determine whether:
pre-irradiation chemotherapy is active and fea-
sible in children with medulloblastoma and to
address some issues raised about utilizing pre-
irradiation chemotherapy such as:

Does delay in starting craniospinal irradia-
tion allow progression during chemotherapy?

Does pre-irradiation chemotherapy diminish
tolerance to craniospinal irradiation?

Does pre-irradiation chemotherapy change
the patterns of failure?

Can patients who progress during chemo-
therapy be salvaged by subsequent craniospinal
irradiation?

PATIENTS AND METHODS

Patient eligibility and prestudy evaluation:
From June 1997 through December 1999, 21

patients between 3 and 16 years of age with
newly diagnosed high-risk medulloblastoma
were entered onto this investigational protocol.
All patients had contrast enhanced computed
tomography (CT) or magnetic resonance imag-
ing (MRI) brain studies preoperatively and
postoperatively. After histopathologic confir-
mation of medulloblastoma, patients underwent
complete neuraxis staging using spinal imaging
with CT myelography or gadolinium-enhanced
MRI and cytologic examination of cerebrospi-
nal fluid. The patients were staged according to
the staging system described by Chang [2].
High-risk medulloblastoma was defined accord-
ing to the International Society of Pediatric On-
cology (SIOP) criteria: less than complete tu-
mor resection, presence of brain stem invasion
or tumor extension beyond the fourth ventricle
(Chang T3b or T4), or neuraxis metastatic dis-
ease (Chang M2 to M3) at diagnosis [1]. All pa-
tients were subjected to medical history and
clinical examination including neurological ex-
amination. Complete blood picture, electro-
lytes, blood urea, creatinine and liver function
and baseline audiogram were obtained before
study entry. Before chemotherapy, isotopic
bone scan and bone marrow aspiration were
performed to exclude extraneural metastases.
All patients or their legal guardians provided in-
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Outcome after craniospinal irradiation:
Non of the five patients with CR after pre-

irradiation chemotherapy developed local recur-
rence or distant metastases, while out of ten pa-
tients with partial response to pre-irradiation
chemotherapy, five achieved complete response
after craniospinal irradiation. Among the six pa-
tients with SD after pre-irradiation chemothera-
py, three achieved PR and the other three re-
mained SD.

ments of the spinal cord. The spinal dose
ranged from 30 to 35 Gy/20 to 23 fractions in 4
to 5 weeks. The posterior fossa boost (15-20
Gy) was given through 2 parallel opposed. The
total dose to the posterior fossa was 54 Gy.

Postirradiation chemotherapy:
Three weeks after completion of radiation

therapy, patients began 3 cycles of the same
chemotherapy regimen given before irradiation.

Evaluation of toxicity:
Treatment toxicity was evaluated according

to WHO system [26].

Statistical methods:
Overall survival (OS) was measured from

the date of diagnosis to death or the last date of
contact. Progression-free survival (PFS) was
measured from the date of diagnosis to the date
of progression of the disease or the last date of
contact. Distributions of PFS and OS were esti-
mated using the method reported by Kaplan and
Meier [12]. Standard errors for Kaplan-Meier
estimates were calculated by the method pro-
posed by Peto et al. [22,23].

RESULTS

Twenty-one eligible patients were entered
onto this study: 13 boys and 8 girls aged 5 to 16
years (median, 8.5). Table (1) represent charac-
teristics of the 21 eligible patients. The Chang
Staging classification of the patients is listed in
table (2).

Outcome after pre-irradiation chemotherapy:
Twenty-one eligible patients were assessable

for response, Table (3) lists the overall response
to pre-irradiation chemotherapy. Response was
determined after the completion of three cycles
of chemotherapy. For patients with greater than
one assessable site of disease, overall response
was determined by the site that showed the least
response. At completion of the first three cycles
of chemotherapy, most of the 21 assessable pa-
tients had demonstrated there best response. Of
seventeen with no metastatic disease at diagno-
sis (M0), four had CR (23.5%), seven had PR
(41.2%) and six had SD (35.3%). Among four
patients with distant neuraxis disease (M1) at
diagnosis, one had CR (25%) and three had PR
(75%) after completion of three cycles of pre-
irradiation chemotherapy.

Table (1): Clinical characteristics of patients.

Age:
Range (years)
Median

Sex:
Male
Female

T-Stage:
T2
T3A
T3B

M-Stage:
M0
M1

Extent of surgery:
Biopsy only
Subtotal excision
Gross total excision

5-16
8.5

13 (61.9%)
8 (38.1%)

4 (19%)
14 (66.7%)
3 (14.3%)

17 (81%)
4 (19%)

7 (33.3%)
12 (57.2%)
2 (9.5%)

Table (2): Chang's staging of 21 patients with medullo-
blastoma.

T2 T3A T3B

M0
M1

4
-

8
2

5
2

Table (3): Response to pre-irradiation chemotherapy.

CR PR SD

T2:
M0
M1

T3A:
M0
M1

T3B:
M0
M1

1/4
0

2/8
1/2

1/5
0/2

2/4
0

3/8
1/2

2/5
2/2

0/4
0

0/8
0/8

0/5
0/2

PD

1/4
0

3/8
0/2

2/5
0/2
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DISCUSSION

Children with incompletely resected medul-
loblastoma, signs of metastatic disease at diag-
nosis and those younger than 2-4 years are uni-
formly identified as "high-risk" cases [8,11,24].
The outcome in-patients with high-risk medul-
loblastoma is less than optimal when treated
with resection and craniospinal irradiation only
[5,24]. The addition of systemic chemotherapy
has improved the outcome in children with re-
sidual and/or metastatic disease [5,24]. Studies
of pre-irradiation chemotherapy have docu-
mented objective disease response and apparent
tolerance to radiotherapy [7,11,14,17,19]. The val-
ue of pre-irradiation chemotherapy, vs docu-
mented efficacy of post-irradiation "adjuvant"
chemotherapy, has not been clearly defined
[6,7].

The primary rationale for the use of neoadju-
vant (pre-irradiation) chemotherapy in infants is
to delay the craniospinal irradiation and allow
further growth and central nervous system de-
velopment prior to radiotherapy [4,14,15,
17,18,21]. In older children with high-risk dis-
ease, the use of neoadjuvant chemotherapy al-
lows the opportunity to test the response of the
tumor to the drug therapy [25]. This also allows
the chemotherapy to be given without the prob-
lem of diminished hematologic tolerance fol-
lowing craniospinal irradiation [14,15,17]. Theo-
retically, tumor reduction with chemotherapy
may facilitate disease control with irradiation.
Alternatively, hematologic suppression asso-
ciated with chemotherapy may delay the initia-
tion of radiotherapy and may cause difficulties
in completing craniospinal irradiation [19].

The current study is our first experience
with neoadjuvant chemotherapy in newly diag-
nosed children with high-risk medulloblastoma.
Among 21 assessable patients, the overall re-
sponse rate to three cycles of chemotherapy
was 71.4% (15/21 patients). The rate of re-
sponse associated with current regimen is com-
parable to other recent pre-irradiation chemo-
therapy studies in similar groups of newly
diagnosed patients [4,7,8,10].

Some issues raised about utilizing pre-
irradiation chemotherapy such as: does delay in
starting craniospinal irradiation allow progres-
sion during chemotherapy? In our patients non-
had disease progression during the period of
pre-irradiation chemotherapy (12 weeks). In the

Outcome after completion of chemotherapy:

At the end of three cycles of post-radiation
chemotherapy, threre were fourteen patients
with CR, five with PR and two with SD.

Survival:

All the 21 patients are assessable for survi-
val. The median follow-up time for all survi-
vors is 32 months (range, 20 to 44+). Fig. (1)
shows the Kaplan-Meier plot of PFS for the en-
tire group of patients. The PFS and OS at 3
years are 66.7±10% and 69.6±10% respective-
ly.

Toxicity:

Myelosuppression was the predominant tox-
icity observed with pre-irradiation chemothera-
py. Only 3 episodes of febrile neutropenia were
observed with no documented infection.

No grade III or VI nephrotoxicity, neurotox-
icity, or hepatotoxicity were observed. Nausea
and emesis were mild and well controlled with
antiemetics. All patients had grade III alopecia.

Among 21 patients who received craniospi-
nal irradiation, four had delays of 7 to 14 days
(median 10) in the start of such treatment (be-
yond day 28 from the start of the third cycle of
chemotherapy) because of persistent chemo-
therapy related myelosuppression. No unusual
toxicity was observed during irradiation. The
most predominant toxicity with post-irradiation
chemotherapy was myelosuppression. Grade III
neutropenia occurred in ≥ 60% of patients in
each cycle.

Fig. (1): Progression-free survival of 21 patients with me-
dulloblastoma.
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therapy regimen, the incidence of grade III and
IV hematologic toxicity was similar to that in
most other neoadjuvant studies [7,10] and infre-
quently associated with a delay in the start of
craniospinal irradiation.

Conclusion:
The preliminary results of neoadjuvant

chemotherapy in-patients with high-risk medul-
loblastoma are encouraging and this modality
of treatment can be applied safely with accepta-
ble toxicity. Studies with large number of pa-
tients and long periods of follow-up are re-
quired to prove these results.

REFERENCES

1-   Baily C.C., Gnekow A., Wellek S., Jones M., Round
C., Brown J., Philips A. and Neihardt M.K.: Prospec-
tive randomized trial of chemotherapy given before
radiotherapy in childhood medulloblastoma. Interna-
tional Society of Pediatric Oncology (SIOP) and the
German Society of Pediatric Oncology (GPO): SIOP
II, Med. Pediatr. Oncol., 25L 166-178, 1995.

2-   Chang C.H., Housepian E.M. and Herbert J.: An oper-
ative staging system and a megavoltage radiothera-
peutic technique for cerebellar medulloblastoma. Ra-
diology, 93: 1351-1359, 1969.

3-   Deutsch M., Thomas P.R.M., Krischer J., Boyett J.M.,
Albright L., Aronin P., Langston J., Allen J.C., Packer
R.P., Linggood R., Mulhern R., Stanley P., Stehbens
J.A., Duffner P., Kun L., Rorke L., Cherlow J., Fried-
man H., Finlay J.L. and Vietti T.: Results of a pros-
pective randomized trial comparing standard dose
neuraxis irradiation (36.00 Gy/20) with reduced neu-
raxis irradiation (23.40 Gy/13) in patients with low
stage medulloblastoma. A combined Children's Can-
cer Group-Pediatric Oncology Group sudy. Pediatr.
Neurosurg, 24: 167-177, 1996.

4-   Duffner P.K., Horowitz M.E., Krischer J.P., Friedman
H.S., Burger B.C., Cohen M.E., Sanford R.A., Mul-
hern R.K., James H.E., Freeman C.R., Seidel F.G. and
Kun L.E.: Postoperative chemotherapy and delayed
radiation in children less than three years of age with
malignant brain tumors. N. Engl. J. Med., 328: 1725-
1731, 1993.

5-   Evans A.E.,  Jenkin R.D.T.,  Sposto R.,  Ortega J.A.,
Wison C.B., Wara W., Ertel I.J., Kramers Chang
C.H., Leikin S.I. and Hammod G.D.: The treatment of
medulloblastoma: Results of a prospective random-
ized trail of radiation therapy with or without CCNU,
Vincristine and Prednisone. J. Neurosurg, 72: 572-
582, 1990.

6-  Gajjar A., Mullhern R.K., Heideman R.L., Sanford
R.A., Douglas E.C., Kovnar E.H., Langeston J.A.,
Jenkins J.J. and Kun L.E.: Medulloblastoma in very
young children: Outcome of definitive craniospinal ir-
radiation following incomplete response to chemo-
therapy. J. Clin. Oncol., 12: 1212-1216, 1994.

French M7 Cooperative study, patients received
8-drugs-in-1-day and high-dose methotrexate
prior to and following craniospinal irradiation
[7]. Non of the 68 patients were reported to
have evidence of disease progression when
craniospinal irradiation was delayed for 5
weeks in high-risk patients or 7 weeks in low
risk patients, also non of the 15 patients with
M0-M1 disease had progressive disease during
the 9-week course of pre-irradiation chemother-
apy in the study conducted by Mosijczuk et al.
[19]. In the study conducted at NCI Cairo, non
of the patients developed disease progression
during 6 weeks period of pre-irradiation chemo-
therapy [10]. In contrast with previous report,
Harstell et al., using cisplatin or carboplatin and
etoposide, ± cyclophosphamide and vincristine
reported that in their older group of patients
(≥ 3 years) received 12 weeks of chemotherapy
prior to craniospinal irradiation, one-third of the
patients had evidence of disease progression by
the completion of the chemotherapy [8]. Heide-
man et al., also reported progression of the dis-
ease in 40% of patients (6/15) during the period
of pre-irradiation chemotherapy with Carbopla-
tin and Etoposide [9]. Perhaps the most impor-
tant question raised concerning pre-irradiation
chemotherapy: is this delay in craniospinal det-
rimental to ultimate outcome; i.e., can patients
who progress during chemotherapy be salvaged
by craniospinal irradiation? In our study, five
patients out of ten with PR to pre-irradiation
chemotherapy had CR to craniospinal irradia-
tion and three out of six with SD after pre-
irradiation chemotherapy had PR after cranios-
pinal irradiation. Harstell et al., however report-
ed that 44% of patients with pre-craniospinal ir-
radiation progression had long-term FFP (free
from progression) after craniospinal irradiation
[8]. Heideman et al., reported that among six pa-
tients with PD during the initial pre-irradiation
chemotherapy regimen, secondary disease con-
trol was maintained for 12 to 24 months in
three before subsequent recurrence; three others
have maintained secondary disease control for
intervals of 13+ to 60+ months from the time of
irradiation [9]. Also, Hussein H.M. and El-
Mongy M. in their series reported that 6 pa-
tients with stable disease during the 6-weeks
period of pre-irradiation chemotherapy, disease
control with subsequent craniospinal irradiation
was achieved in 5 [10].

While hematopoietic toxicity was the domi-
nant side effect of our pre-irradiation chemo-



228 Outcome of Children with High-Risk Medulloblastoma Treated

16- Landberg T.G., Lindgren M.L., Cavallin-Stahl E.K.,
Svahn-Tapper G.O., Sundbarg G., Garwicz S., Lager-
ren J.A., Gunnesson V.L., Brun A.E. and Cronqvist
S.E.: Improvements in the radiotherapy of medullo-
blastoma, 1946-1975. Cancer, 45: 670-678, 1980.

17- Loeffler J.S., Kretschmar C.S. and Sallan S.E.: Preir-
radiation chemotherapy for infants and poor prognosis
children with medulloblastoma. Int. J. Radiat. Oncol.
Biol. Phys., 15: 177-181, 1988.

18- Mastrangelo R., Lasorella A. and Riccardi R.: Carbop-
latin in chidhood medulloblastoma/PNET: Feasibility
of an vivo sensitivity test in an "up-front" study. Med.
Pediatr. Oncol., 24: 188-196, 1995.

19- Mosijczuk A.D., Nigro M.A., Thomas P.R., Burger P.,
Krischer J.P. and Morantz R.A.: Preirradiation chem-
otherapy in advanced medulloblastoma. A Pediatric
Oncology Group Study. Cancer, 72: 2755-2762, 1993.

20- Patterson E. and Farr R.F.: Cerebellar medulloblasto-
ma: Treatment by irradiation of the whole central ner-
vous system. Acta Radiol., 39: 323-336, 1953.

21- Pendergrass T.W., Milstein J.M., Geyer R.J., Mulne
A.F., Kosnik E.J. and Morris J.: Eight drugs in one-
day chemotherapy for brain tumors: Experience in
107 children and rationale for pre-radiation chemo-
therapy. J. Clin. Oncol., 5: 1221-1231, 1987.

22- Peto R., Pike M.C. and Armitage N.E.: Design and
analysis of randomized clinical trials requiring pro-
longed observations of each patient. II. Analysis and
examples. Br. J. Cancer, 35: 1-39, 1977.

23- Peto R., Pike M.C. and Armitage P.: Design and anal-
ysis of randomized clinical trials requiring prolonged
observations of each patient. Introduction and design.
Br. J. Cancer, 34: 585-612, 1976.

24- Tait D.M., Thornton-Jones H., Bloom H.J.G., Lemerle
J. and Morris-Jones P.: Adjuvant chemotherapy for
medulloblastoma: The first multi-centre control trial
of the International Society of Pediatric Oncology
(SIOP I). Eur. J. Cancer, 26: 464-469, 1990.

25- Tornesello A., Mastrangelo S., Piciacchia D., Lasorel-
la A., Riccardi R. and Mastrangelo R.: Disease pro-
gression during preirradiation chemotherapy in chil-
dren with medulloblastoma/PENT. Med. Pediatr.
Oncol., 25: 238, 1995.

26- WHO Guidelines for grading acute and subacute tox-
icity. Cancer, 47: 207-212, 1981.

7-  Gentet J.C., Bouffet E., Doz F., Tron P., Roche H.,
Thyss A., Plantaz D., Stephan J.L., Mottolese C., Pon-
vert D., Carrie C., Raybaud C., Brunat-Mentigny M.,
Choux M., Philip T., Zucher J.M. and Bernard J.L.:
Preirradiation chemotherapy including eight drugs in
1 day regimen and high-dose methotrexate in child-
hood medulloblastoma: Results of the M7 French
Cooperative Study. J. Neurosurg, 82: 608-614, 1995.

8-  Hartsell W.F., Gajjar A., Heideman R.L., Langston
J.A., Sanford R.A., Walter A., Jones D., Chen G. and
Kun L.E.: Patterns of failure in children with medullo-
blastoma: Effects of preirradiation chemotherapy: Int.
J. Rad. Oncol. Biol. Phys., 39 (1): 15-24, 1997.

9-   Heideman R.L.,  Packer R.J.  and  Albright L.A.: Tu-
mors of central nervous system, In: pizzo P.A., Pop-
lack D.G. (eds): Principles and Practice of Pediatric
Oncology Philadelphia, PA Lippincott, pp. 505-553,
1989.

10- Hussein H.M. and El-Mongy M.M.: Pre-radiation
chemotherapy in children with high-risk medulloblas-
toma. Journal of the Egyptian Nat. Cancer Inst., 10
(1): 25-31, March, 1998.

11- Jenkin D., Goddard K., Armstrong D., Becker L., Ber-
ry M., Chan H., Doherty M., Greenberg M., Hendrick
B., Hoffman H., Humphreys R., Sonley M., Weitz-
man S. and Zipursky A.: Posterior fossa medulloblas-
toma in childhood: Treatment results and a proposal
for a new staging system. Int. J. Radiat. Oncol. Biol.
Phys., 19: 265-274, 1990.

12- Kaplan E.L. and Meier P.: non-parametric estimation
from incomplete observations. J. Am. Stat. Assoc., 3:
457-481, 1958.

13- Kleihues P., Burger P.C. and Scheithauer B.W.: The
new WHO classification of brain tumors. Brain Path-
ol., 3: 255-268, 1993.

14- Kovnar E.H., Kelie S.J. and Horowitz M.E.: Preirradi-
ation cisplatin and etoposide in the treatment of high-
risk medulloblastoma and other malignant embryonal
tumors of the central nervous system. A phase II
study. J. Clin. Oncol., 8: 330-336, 1990.

15- Kuhl J., Berthold F., Bode U., Bucsky P., Graf N.,
Gnekow A., Maas E. and Bamberg M.: Preirradiation
chemotherapy of children with poor prognosis medul-
loblastoma: Response rate and toxicity of the Ifosfa-
mide-containing multidrug regimen HIT 88/89. Am.
J. of Pedia. Hemato. Oncol., 15 (Suppl. A): 567-571,
1993.


