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factorss in childhood primitiv neuroectodermal 
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Medulloblastomaa is one of the most frequent brain tumours in children. 
Long-termm survivors are often confronted with serious late sequelae, caused 
byy the therapy. Therefore, prognostic markers must be identified that allow 
thee children to be assigned to different treatment schedules according to their 
predictedd outcome. 
Thee medical data of 110 children with a medulloblastoma or central primitive 
neuroectodermall  tumour (PNET), that were admitted to the Emma 
Kinderziekenhuiss in Amsterdam were analyzed by univariate and multivariate 
analyses. . 
Inn univariate analysis the following characteristics had a significant influence 
onn progression free survival (PFS): a) presence of meningeal metastases at 
thee time of diagnosis, b) presence of tumourcells in the cerebrospinal fluid 
beforee or after surgery, c) extent of resection, d) necessity for permanent 
cerebrospinall  fluid shunting and e) radiation dose to the posterior fossa. On 
multivariatee analysis only the presence of metastases and the radiation dose 
too the posterior fossa retained significance. 
Inn conclusion at the time of diagnosis, no reliable clinical prognostic markers 
aree available for the majority of patients. Further molecular studies must be 
undertakenn to identify such prognostic factors. 
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Introduction n 

Tumourss of the central nervous system (CNS) are the most frequent solid tumours in 
childhood.. They are responsible for an annual incidence rate of approximately 22 per 
millionn 1'*. Most studies find a higher incidence of CNS tumours in boys, with ratios 
fromm 1.2:1 to 2:1 u'6. About 20 - 25 % of this very heterogeneous group of CNS tumours 
aree classified as Primitive Neuro-Ectodermal Tumour (PNET), with the medulloblastoma 
ass its most important representative. The latter was first described by Bailey and Cushing 
inn 1925 as an embryonal CNS tumour7. Medulloblastomas are thought to be derived 
fromm primitive neuroepithelial cells, more specifically from the cells of the external 
germinall  layer and/or the internal granular layer812. 

Thee standard therapy for medulloblastoma in children consists of neurosurgical removal 
off  the tumour, followed by radiotherapy. Different schedules of combination chemotherapy 
havee been added to this treatment in order to try to improve the survival of these children 
andd to avoid radiotherapy in very young children. Despite all these efforts, 5-year survival 
stilll  does not surpass 40 - 70% 41317. Furthermore, survivors are very often confronted 
withh serious toxicity and long-term sequelae that affect their quality of life. Improvement 
off  therapy must therefore comprise improvement of survival as well as reduction of 
long-termm effects of the therapy. To attain this goal, prognostic factors need to be identified 
thatt allow the children to be assigned to different treatment schedules according to their 
predictedd outcome. Laborious studies have been undertaken to identify such prognostic 
factors,, unfortunately often without consistent results 18"27. 

Agee at diagnosis is a very debated prognostic marker. Some authors find a prognostic 
significance25-26,, while otherss do not see an influence of age 19-20-22. Most authors do not 
findfind a statistical significant difference in survival for sex 19-20-22-28.29, although this is 
contradictedd by others 4>6,14in favor of females. T- and M-stage are more often found to 
bee of prognostic significance J819222428. Examination of DNA ploidy of the tumour reveals 
betterr prognosis for aneuploid tumours in some studies30,31, while the opposite is found 
inn others 19. Tail et al.20 found no influence of DNA ploidy. Some other factors studied 
forr prognostic significance are histological subtype of medulloblastoma21-26, the mitosis 
indexx of the tumourcells 27, involvement of the brainstem I4,32, the postoperative 
performancee status of the patient 21and the decade in which the tumour was diagnosed 
andd thus the treatment was given26, some of them with varying results. 

Survivall  is often related to extent of resection w-20-22*24. Some studies24-29 show that the 
needd for CSF shunting reduces the survival rate. Zerbini et al. 19 Carrie et al.21, and 
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Khafagaa et aL  M found the radiation dose to be of prognostic value. Grabenbauer et al. 
foundd in multivariate analysis that the adequate coverage of the target volume by external 
radiotherapyy was more important than the radiation dose to the posterior fossa33. 

AA number of authors have examined the value of adjuvant chemotherapy to the 
prognosiss of these children 14,15,32'34. In the first trial of the Societe International d' 
Oncologiee Paediatrique (SIOP), chemotherapy, a benefit of adjuvant chemotherapy was 
onlyy seen in some subgroups of patients i.e. partial or sub-total surgery, brainstem 
involvement,, and stage T3 and T4 disease. Prognostic markers found in this study were 
sub-totall  resection, extent of disease and sex. In the following SIOP study 32 children 
weree divided into low or high-risk patients, according to the extent of tumour removal or 
thee presence of invasive brain stem involvement or metastatic disease and randomized to 
receive,, or not, chemotherapy. No benefit of chemotherapy was seen in this study, not even 
inn different subgroups. Children treated with chemotherapy followed by a reduced dose of 
radiotherapyy even had a worse prognosis. Evans et al.15 concluded that patients with more 
extensivee tumours may benefit from the addition of chemotherapy. The best results of 
additionn of chemotherapy are reported by Packer et al.16,34, who assigned patients 
prospectivelyy to risk groups, based on the extent of the tumour and the degree of surgical 
resection.. Poor-risk patients seemed to do significantly better when given adjuvant 
chemotherapy,, with a 5-year progression free survival (PFS) rate of 67% for patients with 
metastases.. However, not all studies show such a clear advantage of the addition of 
chemotherapy. . 

Patientss and methods 

Medicall  records of all children (0-18 years) who were diagnosed between 1968 and 
19944 as having a medulloblastoma or central primitive neuroectodermal tumour (PNET) 
andd who received at least part of their treatment in the Emma Kinderziekenhuis in 
Amsterdamm were reviewed. Some of these patients received part of their treatment in 
otherr hospitals. For these patients medical data of the other hospitals were also reviewed. 
Thee patients were followed until January 1996. 

Off  a number of patients, no pathological material was available for central review of 
histology.. Pathological reports from the time of diagnosis were used. The method of 
Kaplan-Meierr was used to estimate survival and PFS 35. PFS was defined as time from 
diagnosiss to progression/recurrence of disease or death. Log-rank test was used to compare 
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groups.. In univariate and multivariate analysis, the PFS was investigated as a function of 
riskrisk factors, using Cox proportional hazard model. The proportionality was tested for all 
dichotomouss covariates. A full model containing all risk factors was reduced using a 
backwardd stepwise procedure, retaining only those factors in the final model with 
regressionn coefficients with p values < 0.05. All statistical analyses were performed 
usingg SPSS 8.0 for Windows. 

Results s 

PatientPatient population and tumour characteristics. 
AA total of 110 patients were treated ay the Emma Kinderziekenhuis for medulloblastoma 

orr central PNET. Eight children had a supratentorial PNET. Characteristics of the group 
aree listed in Table 1. The male:female ratio was 2.23:1. Mean age of this group was 6.6 
yearss (0 to 18 years) with a peak incidence at the age of 5 years. 
Forr 100 children the time interval between the start of symptoms and the diagnosis was 
known.. The mean time was 16.8 weeks with a range from 1 to 156 weeks. In the majority 
off  these patients (68%) the duration of symptoms before diagnosis was less than 3 months. 
Amongstt the medulloblastomas, there were 7 desmoplastic tumours and 2 medullomyo-
blastomas. . 

Therapy. Therapy. 
Therapyy characteristics are listed in Tables 1 and 2. In 62 children chemotherapy and 

radiotherapyy followed surgery: in 11 children the radiotherapy was administered before the 
chemotherapyy and in 51 children the chemotherapy came first. Of the 4 children who did not 
undergoo surgery, 3 only received radiotherapy, one was treated with chemotherapy only. In 
33 of these 4 children diagnosis was confirmed on tumourcells in the cerebrospinal fluid. 
Fourr of the 5 children who had surgery as the only therapy died before the adjuvant therapy 
couldd be given. In the fifth patient the reason for the lack of adjuvant therapy is not clear. 
Neurosurgery.Neurosurgery. A total of 106 patients underwent neurosurgery. 
Radiotherapy.Radiotherapy. In 96 cases radiotherapy was part of the treatment. The time interval 
betweenn surgery and radiotherapy ranged from 4 to 133 days with a mean of 46 days. 
Chemotherapy.Chemotherapy. Through the years, chemotherapy protocols have changed, as well as the 
timingg of this therapy with respect to the radiotherapy. Patients were treated according to 
thee protocols that were practiced at the time they were diagnosed. Table 2 gives an 

43 3 



ChapterChapter 3 

Tablee 1. Characteristics concerning patient population, tumour, therapy and outcome of the 110 patients 
treatedd in the Emma Kinderziekenhuis. 

PatientPatient characteristics 

Sex x 
Male e 

Female e 

Agee at diagnosis 

<< 3 years 
>> 3 years 

TumourTumour characteristics 
Localisationn of the rumour 

Infratentorial l 

Supratentorial l 
Metastasess on MRI or myelography 

Present t 
Absent t 

Nott tested 
Tumourcellss in CSF pre-operarively 

Present t 

Absent t 

Nott tested 

Tumourcellss in CSF postoperatively 
Present t 

Absent t 
Nott tested 

Presencee of metastases at diagnosis on 

yes s 
no o 
unknown unknown 

TherapyTherapy characteristics 

Surgeryy only 
Surgeryy + RT 

Surgeryy + CT 

Surgeryy + RT + CT 

Noo surgery 

Radiationn dose to the posterior fossa 

Numberr of patients (%) 

76 6 
34 4 

24 4 
86 6 

102 2 
8 8 

14 4 
32 2 
64 4 

23 3 
21 1 
66 6 

15 5 
18 8 
77 7 

MRII or CSF 
39 9 
36 6 
35 5 

5 5 
31 1 
8 8 

62 2 
4 4 

(69) ) 

(31) ) 

(22) ) 

(78) ) 

(93) ) 

(7) ) 

(13) ) 
(29) ) 

(58) ) 

(21) ) 

(19) ) 

(60) ) 

(14) ) 

(16) ) 
(70) ) 

(35) ) 

(33) ) 
(32) ) 

(5) ) 
(28) ) 

(7) ) 
(56) ) 

(4) ) 

continued continued 

<< 50 Gray 

(500 Gray 
Unknown n 

Noo radiotherapy 
CSFF shunt 

Temporarily y 

VCC shunt 

VPP shunt 
Noo shunt 

Unknown n 

Extentt of resection 

Biopsyy only 
Partiall resection 

Subtotall resection 
Completee resection 

Unknown n 

Noo surgery 

Outcome Outcome 

Residuall disease following surgeryl 
NED D 
residuall rumour 

inconclusive e 
noo information 

Recurrence e 

Local l 
Supratentorial l 
Leptomeningeal l 

Locall + temporal 

Skeletal l 
Unknownn localisation 

Numberr of patients (%) 

133 (12) 

722 (65) 

111 (10) 

144 (13) 

422 (38) 

66 (5) 
244 (22) 

255 (23) 
133 (12) 

88 (7) 
111 (10) 

488 (43) 
355 (32) 

44 (4) 

44 (4) 

388 (35) 

555 (50) 

111 (10) 

66 (5) 

100 (9) 

77 (6) 
133 (12) 

11 O) 
77 (6) 

44 (3) 

Abbreviations:: MRI; Magnetic Resonance Imaging, CSF;Cerebrospinal Fluid, RT; radiotherapy, CT; 
chemotherapy,, VC; ventriculocardial, VP; ventriculoperitoneal, NED; no evidence of disease 
11 as determined by postoperative CT or MRI or deducted from the neurosurgical report 

overvieww of the protocols, the medication used, the timing of the chemotherapy and the 
numberr of patients involved. Thirty-nine children did not receive chemotherapy as part 
off  their treatment. In most cases the reason for this was the fact that they were diagnosed 
inn a time era before chemotherapy was added to the treatment of medulloblastoma, or 
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theyy were included in an international treatment protocol and randomisation allocated 
themm in the treatment arm without chemotherapy. In 4 children the postoperative condition 
didd not allow chemotherapy according to the treating physician; 2 children died before 
chemotherapyy could be started and in 3 patients the reason for not giving chemotherapy 
iss not clear. 

Tablee 2. Overview of the chemotherapy protocols used. 

Protocol l 

SIOP1975 5 
EKZ1979 9 
SI0P1982 2 
SIOP1989 9 

SI0P1992 2 
StOPP BABY 
other r 
noo chemotherapy 

medication n 

VCR,MTX X 

Pred,VCR,MTX X 
Pred,PCB,VCR,MTX X 

VP16,IFO,Corbo o 
VCR,, Carbo, VP16, CFM 
Cis,, CFM, MTC, Carbo, VCR 

CTT before/after RT* 

after r 
before e 
before e 
before e 
before e 
before e 

numberr of patients 

10 0 
16 6 
16 6 
16 6 
3 3 
1 1 
9 9 
39 9 

totall 110 

Abbrviations:: SIOP;Societe International d'Oncologie Paediatrique, EKZ; Emma Kinderziekenhuis, 
VCR;; vincristine, MTX; methotrexate, Pred; prednisone, PCB; procarbazine, VP16; etoposide, IFO; 
ifosfamide,, Carbo; carboplatin, CFM; cyclophosphamide, Cis; cisplatin. 
**  Chemotherapy given before or after radiotherapy 

Recurrence. Recurrence. 
Forty-twoo patients suffered a recurrence from 2 to 106 months after diagnosis (Table 1). 

Onee of them was lost to follow-up. Of the 41 left, 37 died and 4 are still alive respectively 
77,88,1055 and 208 months after initial diagnosis. Two of them are in second complete 
remission. . 

CauseCause of death. 
Inn most cases the cause of death was the tumour. Although there were no chemotherapy 

relatedd deaths during therapy, a few children died of late effects of the treatment. One 
diedd of radiation vasculopathy in the brain and one had a fatal sarcoma in the occiput 6 
yearss after radiotherapy. One girl died of massive aspiration 4 years after treatment 
probablyy due to neurologic damage. A second primary tumour, a coloncarcinoma in a 
patientt with polyposis coli, was the death cause in one patient. 
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Survival. Survival. 
Off  110 patients, 5 were lost to follow-up. Overall survival, PFS and further statistical 

analysess are thus based on these 105 patients. 
Overalll  survival at 5,10 and more than 20 years are respectively 55.2%, 50.5% and 

49.5%% (Fig. 1), while the PFS for these time intervals is respectively 53.3%, 50.5% and 

Overalll survival Progressionn free survival 

Survivall (months) Progressionn free survival (months) 

Figuree 1. Figure 2. 
Overalll  survival of 105 patients with childhood Progression free survival of 105 patients with 
medulloblastoma/PNET.. childhood medulloblastoma/PNET. 

49.5%% (Fig. 2). The mean follow up of survivors is 126 months. Of the 7 patients with 
desmoplasticc medulloblastoma, 5 are still alive (23 - 254 months after diagnosis), 2 died 
off  metastases - one of which already had metastases at diagnosis. 

UnivariateUnivariate analysis. 
Followingg variables were tested in univariate analysis : sex, age at diagnosis, interval 

off  time between symptoms and diagnosis, presence of meningeal metastases on CT or 
MRI,, presence of tumourcells in pre-operative or postoperative cerebrospinal fluid (CSF), 
extentt of resection, necessity for CSF shunting, radiation dose to the posterior fossa and 
thee time interval between surgery and the start of radiotherapy. Most important results 
aree listed in Table 3. 

AA highly statistical difference in survival was found for patients who had metastases 
att diagnosis (p = 0.0001). For this analysis, presence of metastases was defined as having 
eitherr visible metastases on myelography or MRI, or presence of tumourcells in the CSF 
pre-- or more than 2 weeks postoperatively. The PFS curves of these 2 groups of patients 
aree depicted in Figure 3. Analysis of the presence of metastases on imaging, the presence 
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off  tumourcells in preoperative and postoperative CSF separately did also reveal significant 
differencess in survival with relative risks of 4.4,4.3 and 4.0 respectively. 

Concerningg radiotherapy, only the radiation dose to the posterior fossa was of significant 
influencee on survival. As this dose is only important for posterior fossa tumours, 
supratentoriall  tumours were excluded from this analysis. We compared patients with 
infratentoriall  tumours who received a dose of at least 50 Gray to the posterior fossa with 
patientss who received radiotherapy, but less than 50 Gray. A dose of at least 50 Gray was 
correlatedd strongly with a better PFS (58.6% versus 12.5%)(p=0.006) (Fig. 4). The time 
intervall  between surgery and the start of radiotherapy was not of significant influence on 
PFSS in this study. 

Too study the effect of adjuvant chemotherapy, we compared the cases that had 
radiotherapyy as standard treatment with those that had radiotherapy and chemotherapy. 
Childrenn who had no radiotherapy or no operation were not included in order to get a 
uniformm population for evaluation. Supratentorial tumours were not included either. 
Eighty-threee children were included. Of them, 58 had radiotherapy and chemotherapy. 
Neitherr for the chemotherapy group as a whole, nor for the different protocols separately 
wass there a significant difference in PFS. 

Tablee 3. Progression free suvival of 105 patients, univariate and multivariate analysis of risk factors. 

Factorr analysed Relative Risk (95 % CI) p-value 

univaratee analysis 
Metastasess on imaging or in CSF 
Needd for CSF shunting] 
Extentt of resection2 
Radiationn dose to the posterior fossa3 
Agee at diagnosis 
Additionn of chemotheropyS 
Sexx (male versus female) 

multivariatee analysis 
Radiationn dose 
Metastases s 

4.1(1.9-8.7) ) 
2.3(1.3-4.1) ) 
2.7(1.3-5.5) ) 
3.0(1.3-7.1) ) 
1.6(0.9-3.0) ) 
0.8(0.4-1.7) ) 
1.1(0.6-2.1) ) 

0.0001 1 
0.0029 9 
0.0055 5 
0.006 6 
0.12 2 
0.60 0 
0.67 7 

0.001 1 
0.0019 9 

11 as analyzed in 2 groups : no need for a drain or only temporarily versus need for a drain during a 
longerr period of time after surgery 

22 as analyzed in 2 groups : no surgery or biopsy only versus partial, subtotal or total resection (see 
discussion) ) 

33 comparing patients receiving less than versus at least 50 Gray to the posterior fossa, excluding 
patientss with supratentorial tumours 

44 comparing patients younger than 3 years of age versus patients of 3 years or older 
55 for selection procedure of these patients : see results 
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MultivariateMultivariate analysis. 

Factorss that produced a significant difference in the univariate analysis were analysed 
inn multivariate analysis, as well as age at diagnosis and sex (Table 3). To avoid a false 
resultt regarding the influence of radiation dose to the posterior fossa, supratentorial 
tumourss were excluded from the analysis (n = 8), as well as patients of which the radiation 
dosee to the posterior fossa was unknown (n = 11). In order to be able to include the 
presencepresence of metastases into the analysis, we analyzed the patients in 2 groups: those with 
metastasess at diagnosis as defined in univariate analysis versus those with no metastases 
orr no information. Ninety-three cases were included in the analysis, of which 9 had a 
missingg value. This resulted in 84 evaluable cases. Risk factors retaining significance 
afterr stepwise reduction of the model were the radiation dosage to the posterior fossa 
(lesss or more than 50 Gy) and the presence of meningeal metastases at the time of 
diagnosiss with p-values of 0.001 and 0.0019 respectively. The need for continuous CSF 
drainagee had a borderline significant p-value of 0.054 in multivariate analysis. 

Radiationn dose to PF 

Progressionn free survival (months) 11 free survival (months) 

radiationn oose to pf 

Figuree 3. 
Progressionn free survival of patients with 
metastasess at diagnosis as verified by imaging or 
positivityy for tumourcells in Cerebrospinal fluid 
(nn = 38) , as compared to patients with no 
metastasess (n = 35). 

Figuree 4. 
Progressionn free survival of patients who received 
aa dose of at least 50 Gray to the posterior fossa (n 
== 70), versus patients who received less than 50 
Grayy (n = 8), pf; posterior fossa. 

Discussion. . 

Thee characteristics of medulloblastoma and central PNET known from the literature 
weree also found in our patient group : a peak incidence at the age of 5 years, a male to 
femalee ratio of 2.23:1 and 68% of children having symptoms during less than 3 months. 
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Comparisonn of the incidence of metastases at the time of diagnosis is difficult because 
off  missing data, as well in our study group as in literature. 

Ass in most studies 19-20-29 we did not find sex or age to be of significant prognostic 
influence.. Neither were time interval between the appearance of symptoms and the diagnosis, 
norr between surgery and the start of radiotherapy. 

Inn univariate analysis the presence of meningeal metastases on myelography or 
Magneticc Resonance Imaging (MRI) had the strongest prognostic value (p=0.0001). A 
veryy comparable result was seen for patients with tumourcells in the CSF before or after 
surgery.. For the interpretation of postoperative CSF only results that were obtained at 
leastt 2 weeks after surgery were taken into account, in order to avoid false positive 
resultss because of the presence of tumourcells in the CSF due to the surgery. As the 
presencee of meningeal metastases was supposed to be a strong predictor of survival, we 
feltt it important to include this variable in the multivariate analysis. Children that were 
nott tested by imaging or CSF examination (n = 28) were considered to have no metastases. 
AA bias might be introduced by this procedure. However, the result of the bias would be 
ann underestimation of the influence of this risk factor, as patients who were not tested 
butt would have metastases would worsen the survival of the whole group of "no 
metastases".. To exclude the possibility that only childeren with other bad prognostic 
factorss were not tested for the presence of metastasis, the two groups were compared. 
Thee group of children that was not tested did not differ significantly in composition 
(age,, sex), neither in survival, from the group that was tested. This reduces the risk that 
aa significant bias would be introduced by defining them as having no metastases. 

Thee extent of resection was only of significance in univariate analysis. It must be 
notedd that this extent was determined mainly by the neurosurgical report, especially in 
patientss treated in the time era before routine postoperative scanning was done. As 
differentt neurosurgeons may have applied different criteria concerning partial, subtotal 
orr total resection, this may contribute to the fact that difference in survival was only seen 
whenn the patients were divided in groups with no resection at all or only biopsy and 
thosee with some form of resection. Another factor that contributes to this difference in 
survivall  might be that patients with no resection or biopsy only are more likely to have a 
tumourr localized in or involving a critical region (i.e. the brain stem) which makes 
surgeryy very hazardous. Thus, the difference in PFS is explained by the localization of 
thee tumour more than by the proper extent of resection. 

Patientss who needed a ventriculoperitoneal or ventriculocardial drain for a longer 
periodd of time after surgery had a significant worse PFS in univariate analysis. This 
characteristicc lost its significance in multivariate analysis (p = 0.06). According to Lee 
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ett al.36, patients who need a permanent shunt after surgery tend to be younger, have more 
extensivee tumours and larger ventricles pre-operatively. In our group the mean age of 
thee 67 patients with no or a temporary drain was 7.4 years (standard deviation 4.1), 
whilee in the 30 patients who did need a drain the mean age was lower (5.6 years . 
Onn the other hand, the group who needed a drain was characterized by a much higher 
presencee of metastases (47 % versus 28%). A very malignant tumour that grows rapidly 
mightt very well be responsible for these characteristics. Thus, the need for a permanent 
shuntt might reflect the high degree of malignancy of the tumour, and the need for shunting 
iss not the cause of poor survival. This might explain why this variable loses significance 
inn multivariate analysis. 

Inn univariate as well as multivariate analysis the radiation dose administered to the 
posteriorr fossa was a significant predictor of survival (relative risk of 3.0). This was 
alreadyy found in other studies 19,21 and emphasized the need for an adequate dosage to 
thee posterior fossa in standard protocols for children with medulloblastoma. Although 
theree were only 8 patients receiving less than 50 Gy, it is interesting to notice that these 
patientss were not predisposed to a worse outcome, as only 2 of them had proven metastases 
att diagnosis (one with tumourcells in the postoperative CSF and one with metastases on 
MRII  at diagnosis), and none of them were younger than 4.5 years. Other prognostic 
factorss such as degree of resection did not differ between the two groups. According too the 
radiotherapyy reports, the protocol recommended doses of 30 Gy to the posterior fossa at 
thatt time. This means that these patients did not receive a lower dose because a suspected 
badd prognosis, thus the bad prognosis is not due to patient selection, but this is a true effect 
off  the radiation dose. In one patient the radiotherapy was stopped early because of bone 
marroww toxicity. In 4 patients the reason for the reduced dose is not clear. 

Accordingg to Table 1,38 (34 %) patients had no evidence of disease following surgery. 
However,, caution must be taken in the interpretation of these results. In only 26 children 
thiss was confirmed by postoperative CT scan. In the other 12 patients, the neurosurgical 
reportt stated that there was macroscopically radical tumour removal. However, it is 
generallyy known that there is a discrepancy between neurosurgical reports and post-
operativee imaging results. This was also seen in our study population, in patients where 
thee neurosurgical report could be compared to postoperative CT scans. Vice versa, subtotal 
removall  by the surgeon not always showed residual tumour on postoperative CT or MRI 
scan.. Furthermore, CT or MRI could not differentiate between residual tumour and 
postoperativee changes in 11 cases. 

Theree was no benefit for patients receiving adjuvant chemotherapy, neither for the group 
receivingg chemotherapy as a whole, nor for the different protocols analysed separately. 
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Theree was a trend for better survival for patients treated in the EKZ 79 protocol, but this 
didd not reach statistical significance (p= 0.31). Based on the good results of this "sandwich" 
therapyy that was first applied as a pilot study in the Emma Kinderziekenhuis, this protocol 
wass adopted in the SIOP 82 study, but the results achieved in the pilot study could not be 
reproducedd on a larger scale. One of the reasons for the ^reproducibility of these good 
resultss may be the fact that these positive results in the Netherlands may have influenced 
thee referral of pediatricians for children with brain tumours. This might have caused a bias 
inn the study population in the original EKZ 79 study. Although some authors report a 
significantt positive influence of chemotherapy on survival for some subgroups of patients 
withh so-called high risk tumours 14"16, we could not demonstrate a difference in PFS for 
patientss with metastases at diagnosis or for patients with supratentorial tumours receiving 
chemotherapy.. However, it must be kept in mind that we are analyzing the effect of many 
differentt chemotherapy protocols, of which some are applied on a very small group of 
patients.. And even in these small groups, many protocol violations were seen. A possible 
"effective""  treatment regimen might be missed because of the small group of patients it 
wass administered to correctly. The question of chemotherapy can only be properly addressed 
byy a prospective randomized trial, as is the SIOP PNET HI study. 

Ass has become clear from the survival and PF survival curves, until today there is no 
salvagee therapy for children with a relapse of their tumour. Recently, a number of studies 
havee addressed this problem by using high dose chemotherapy followed by autologous 
bonee marrow or stem cell rescue, with encouraging results. The follow up however is too 
shortt to draw any definite conclusions 37"42. 

Inn this study we analyzed variables for their influence on survival. It has become clear 
throughh the years that it is very difficult to find reliable clinical prognostic factors. This is 
confirmedd by our analysis of this group of patients. Although some variables, as the presence 
off  metastases at the time of diagnosis, are established predictors of survival in most studies, 
thee majority of patients do not fall into this category. It needs no comment that also for 
thosee children reliable prognostic markers are needed to adjust the therapy according to 
thee predicted survival. Numerous studies were not able to find consistent clinical 
characteristicss of prognostic value, so we feel that the solution to this problem must come 
fromm a different approach such as molecular biology. Chromosomal aberrations or altered 
functionn of genes, important in the genesis or growth of the tumour, will probably provide 
uss with more consistent predictors of survival, as is already shown in other childhood 
tumourss such as neuroblastoma4344. Several authors found a worse prognosis for children 
withmedulloblastomass carrying a deletion of chromosome 17p45Jt8. In a study of Gilbertson 
ett al.23, expression of the c-erbB-2 oncogene product was of significant influence on 

51 1 



ChapterChapter 3 

survival,, as was co-expression of two members of the EGFR family (HER-2 and HER-4) 
inn a second study49. The mitotic percentage index was also found to be important by the 
samee author27. We feel that these are important steps to come to reliable predictors of 
survival,, and efforts should be directed toward this kind of approach. 
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