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Abstract 

A retrospective review of 36 children diagnosed with a supratentorial primitive neuroectodermal tumor 
(PNET) at the Hospital for Sick Children was performed for the period 1970-1995. All children but one 
received their initial treatment at our institution. There were 18 males and 18 females and the median age at 
diagnosis was 35 months. Twenty-two PNETs were lobar, 3 were deep in the hemisphere, and 10 were located 
in the pineal region. One child presented with intracranial leptomeningeal disseminated disease. The tumors 
were mostly undifferentiated although 22 had some evidence of differentiation along one or more neuroe- 
pithelial lines. Five children had a biopsy, 24 had subtotal resection, and 7 had gross total resection. Twenty-six 
children had adjuvant radiotherapy and 13 had chemotherapy. At last follow-up 30 patients were dead and 6 
were alive. The median survival was 23 months and the 2, 3, and 5 year survivals were 50%, 34%, and 18% 
respectively. All of the survivors received craniospinal radiation and 4 received chemotherapy. There was a 
statistically significantly worse survival in young children. There was a trend to better survival in children 
treated since 1984, and in children undergoing gross total resection. Because of the extremely poor survival, 
we recommended that all children undergo gross total resection followed by chemotherapy. For children older 
than 3 years of age craniospinal radiation should also be given. 

Introduction 

Primitive neuroectodermal tumors (PNET) are 
rare but highly malignant primary central nervous 
system tumors which occur predominantly in chil- 
dren. Controversy remains over whether these tu- 
mors of similar histology can all be classified under 
the single term PNET, which reflects a belief that 
the undifferentiated progenitor cell occurs in all 
parts of the nervous system, or whether these tu- 
mors are truly distinct entities arising from progen- 
itor cells unique to the site of origin [1, 2]. It is clear 
that all these tumors share a similar histologic ap- 
pearance, consisting of predominantly a dense pop- 
ulation of small cells with little cytoplasm with or 
without areas of differentiation into cells resem- 
bling neurons, astrocytes, oligodendrocytes, or 

ependymal cells. It has been suggested by some in- 
vestigators that tumors which exhibit prominent 
differentiation, especially along neuronal lines, 
may have a better natural history [3, 4]. In addition, 
supratentorial PNETs and medulloblastomas, 
apart from their potentially different cell origins, 
may also be considered to be distinct tumors be- 
cause they have markedly different survival rates. 
Despite the controversy surrounding their histo- 
genesis and classification, all PNETs have a tenden- 
cy to spread along CSF pathways and long term sur- 
vivors are rare despite surgery, radiation therapy, 
and chemotherapy. 

Nosological arguments aside, we performed a 
retrospective review of all children presenting with 
a supratentorial PNET at the Hospital for Sick Chil- 
dren between 1970 and 1995. Our review included 
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Patient selection 

A retrospective review of all patients less than eigh- 

teen years of age presenting with a supratentorial  
PNET to the Hospital  for Sick Children between 

1970-1995 was performed.  Thirty-six children were 
identified and 35 received their initial t reatment  at 

the Hospital  for Sick Children. PNETs were path- 
ologically classified as either undifferentiated or 

differentiated with the cell type specified as recom- 
mended  by Rorke  and Becker  [2, 5]. Medulloblas- 

tomas and ret inoblastomas were not included in 

this review. Pineoblastomas having pineocytic dif- 
ferentiation were also excluded. One child diag- 

nosed with a medulloepithel ioma of the left parietal 
lobe was included. 

Fig. 1. Coronal contrast enhanced CT scan in a 22 month old girl 
who presented with a 2 week history of vomiting and increasing 
lethargy. The CT scan showed features characteristic of a lobar 
supratentorial PNET. There is a large heterogeneous mass in the 
right frontal lobe, with a solid enhancing region and multiple 
cystic areas. There is edema surrounding the mass as well as mas- 
sive shift of the midline structures. This child has a gross total 
removal of her lesion followed by craniospinal radiation and 
chemotherapy. An asymptomatic local recurrence was found 18 
months after surgery and she underwent a repeat resection fol- 
lowed by chemotherapy. She remained well 16 months after this 
treatment. 

all PNETs occurring in the supratentorial  compart -  

ment,  including PNETs of the cerebral  hemi- 

spheres, basal ganglia, and diencephalon. Tumors 
also known as pineoblastomas,  ependymoblasto-  
mas, and neuroblastomas were also included in our 
review. Our  review at tempts to identify factors cor- 
related with survival and we give recommendat ions  
for t rea tment  of these extremely malignant neo- 

plasms. 

Patient characteristics and surgical treatment 

The clinical characteristics of the patients reviewed 

are shown in Table 1. There were eighteen males 

and eighteen females. The mean  age at diagnosis 
was 52 months (median 35 months) with a range 
from 1 month of age to 154 months. Eighteen pa- 

tients were less than 3 years of age at diagnosis. 
Twenty-two were lobar in location, 10 were in the 

pineal region, 3 were deep, and i was disseminated 

over both  cerebral  convexities as well as the basal 

leptomeninges without an apparent  focal pr imary 

site. The majority of children presented with signs 
and symptoms of raised intracranial pressure (ICP). 

Typically, the duration of symptoms before diag- 
nosis was short, with headache or irritability for 2-4 

weeks followed by nausea, vomiting, and increased 
lethargy. Four children had a precipitous decline 
prior to surgery as a result of hemorrhage into their 

tumor. Imaging studies characteristically revealed 
large, well-circumscribed heterogeneous masses 
[6]. These tumors usually had both solid and cystic 
components  and calcification was frequently pre- 
sent on noncontrast  CT. Heterogeneous  enhance- 
ment  was usually apparent  after contrast injection 
on CT or MRI,  and gadolinium enhanced M R I  
showed leptomeningeal  dissemination in several 
cases. Imaging studies and clinical presentations of 
2 patients with supratentorial  PNETs are shown in 
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Fig. 2 (a and b). Sagittal and coronal gadolinium enhanced MRI 

scans of a 12 year old boy who presented with Parinaud's  syn- 

drome and signs and symptoms of raised intracranial pressure. 

The MRI scan shows a massive, uniformly enhancing lesion in 

the pineal region. He underwent  a subtotal (80%) resection of a 

PNET. Interestingly, he presented with a similar tumor  8 years 

previously and was treated with a ventriculoperitoneal shunt  and 

craniospinal radiation without a tissue diagnosis. His tumor  was 

observed to completely disappear on follow up examination.  
Following surgery of recurrence he was treated with chemother-  
apy, but, his tumor  progressed and he died after a further 18 

months.  
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Figs 1 and 2. At the time of original diagnosis, 18 
patients had undergone a post-operative metastatic 
work-up by cerebrospinal fluid cytology, CT-mye- 
lography, or gadolinium enhanced MRI. Eleven of 
these patients were found to have localized disease, 
and the remaining had evidence of intracranial dis- 
semination (4 patients), or spinal dissemination (3 
patients). In the remaining eighteen patients it 
could not be unequivocally determined from the re- 
cords whether or not there was neuraxis dissemi- 
nation at the time of diagnosis. 

The different treatments performed on these 
children are shown in Table 1. Five patients had an 
open or stereotactic biopsy alone, 24 patients had 
subtotal resection, and six patients had a gross total 
resection (3 by surgeon's impression, 3 by post-op- 
erative imaging). One patient presented at age 4 

with a large pineal tumor and he was treated with a 
ventriculoperitoneal shunt or craniospinal radi- 
ation therapy without a confirmed histological di- 
agnosis. His tumor disappeared and he remained 
well for 8 years until he presented with massive re- 
currence of his pineal region tumor which was then 
removed by gross total resection (see Fig. 2). Hist- 
ologic examination at that time confirmed a PNET. 
Five patients had a repeat resection for their PNET 
at the time of recurrence, an total resection was 
achieved in two. 

The 30 day postsurgical mortality was 8.3 % (3 pa- 
tients). These 3 patients all presented in coma sec- 
ondary to raised intracranial pressure associated 
with large tumors. 

Review of pathologic reports revealed that 22 tu- 
mors were undifferentiated and 14 had differentia- 

Table 1. Patient characteristics and t rea tment  

No. of cases No. of cases 

Sex 

Male 18 

Female 18 

Age 
(months)  

Median = 35 

Mean = 53 

Age 3 and up 18 

Age  less than 3 18 

Location 
Nonpineal 26 

Lobar 
Frontal  10 

Temporal 4 

Parietal 3 

Occipital 2 

Hemisphere  3 

Deep 
Basal Ganglia 1 
Diencephalon 1 

Corpus  callosum 1 
Leptorneningeal 1 

Pineal region 10 
Symptoms and Signs 
Raised ICP 31 
Seizures 8 
Focal deficit 9 

Pathology 
Differentiated 22 
1 line 14 

2 or more  lines 7 

neuronal  9 

astrocytic 14 

ependymal  5 

oligodendroglial 2 

Undifferentiated 14 

Surgery 
Biopsy 5 

Subtotal Resection 24 

Total Resection 7 

Radiation Therapy 
Craniospinal 19 

Brain only 7 

None 10 

Chemotherapy 
yes 13 
no 26 



tion into a one or more neuroepithelial cell types. In 

the majority of tumors with areas of differentiation 

the greatest portion of the tumor was still undiffer- 
entiated. Nine tumors had neuronal differentiation, 
although it was prominent  in only one tumor, 14 had 
astrocytic differentiation, 5 had ependymal differ- 
entiation, and 2 had oligodendrocytic differentia- 
tion. Fourteen tumors had differentiation into one 
cell type and 7 had differentiation into 2 or more 
cell types. There was one case of classic medullo- 
epithelioma in a 2 year old girl which was character- 
ized by a papillary and tubular arrangement of 
columnar epithelial cells resembling the primitive 
medullary epithelium. There was no evidence of 
melanocytic or muscle differentiation in any supra- 

tentorial PNET in this series. 
Of those patients who did not suffer inexorable 

progression of their disease shortly after diagnosis, 
the frequency of intracranial or spinal dissemina- 
tion was found to be 46% at the time of recurrence 
(compared to 39% at diagnosis). The five patients 
who came to autopsy all showed extensive spread of 
PNET over the leptomeninges of the brain and spi- 
nal cord. There were no extraneural metastases and 
no peritoneal metastases occurred in patients with 
ventriculoperitoneal shunts. 

Adjuvant treatment 

Twenty six patients received radiation therapy post- 
operatively. Nineteen patients underwent cranios- 
pinal radiation (4500-5400 cGy local and 2500- 
3500 cGy to the remaining neuraxis) and 7 patients 
either had whole brain radiation or local radiation 
(4500-5400 cGy) to the area of the tumor. Seven 
patients did not receive radiation therapy because 
of persistent severe post-operative neurologic def- 
icit and one patient's parents refused radiation. All 
of these patients presented in extremis. Two pa- 
tients did not receive radiation therapy post-oper- 
atively because they were under two years of age 
and instead they received chemotherapy as the pri- 
mary adjuvant therapy. These two children re- 
ceived craniospinal radiation therapy at recurrence. 
Thirteen patients received chemotherapy post-op- 
eratively, and recently all children with PNETs 

79 

Proportion Surviving 

0 40 80 120 160 200 

Survival Time (months) 

Fig. 3. Kaplan-Meier plot showing overall post-operative surviv- 
al of all 36 patients with supratentorial PNETs. 

treated at the Hospital for Sick Children have been 
receiving adjuvant chemotherapy. Fifteen patients 
received chemotherapy at recurrence. 

Statistical analysis 

Survival curves were made using the Kaplan-Meier 

method [7]. Patients lost to follow up were censored 
at the time of last examination. A series of univa- 
riate analyses using the log rank test was performed 
to determine the effect of different parameters on 

outcome [8]. 

Results 

Thirty patients are dead and six patients were alive 
at the last follow up. Three of the surviving patients 
were examined in the last three months, two were 
lost to follow up after more than 10 years of disease 
free survival, and one patient was lost to follow up 
four years ago after more than four years of disease 
free survival. 

The median survival of the 36 children diagnosed 
with a supratentorial PNET was 23 months (mean 
35 months), and the 2, 3, and 5 year survival rates 
were 50%, 34%, and 18% respectively. The Kaplan- 
Meier survival curve for the whole group is shown 
in Fig. 3. The median time to recurrence was 14 
months (mean 19 months). 

The six surviving patients all received craniospi- 
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Fig. 4. Kaplan-Meier plot showing overall post-operative surviv- 
al for patients under 3 years of age (< 3) or 3 years of age and 
older (> 3). There were 18 patients in each group. Log-rank anal- 
ysis revealed a significant difference between the two groups 
with p = 0.006. 

nal radiation therapy and four patients also re- 

ceived chemotherapy.  According to the Glasgow 

Outcome Scale, 2 patients have had a good outcome 

and have normal  intelligence [9]. Two patients have 
modera te  disability with mildly impaired cognitive 

ability and mild endocrinopathy. Two patients are 

severely disabled and have markedly  decreased in- 

telligence and severe endocrinopathy. 
There  was a strong association between age at di- 

agnosis and survival, with younger  children clearly 

having a worse prognosis. For analysis, two equal 
groups of patients were created by grouping chil- 

dren according to age under 3 or age 3 and older. 

The 2 and 5 year survival rates for children under 3 

years of age were 28% and 5.8% respectively, and 
for children three years of age and older the survival 

rates were 72% and 29% respectively. Kaplan- 

Meier survival curves for these two groups are 
shown in Fig. 4, and log rank analysis showed that 

the observed difference in these two curves was sta- 
tistically significant (p = 0.006). There  was a signif- 
icant difference in survival between younger  and ol- 
der children up to the age of 7. Five out of the 6 
survivors in this series were diagnosed at 5 years of 
age and older (mean age 74 months).  Young age 

was also associated with a shorter time to recur- 
rence. 

There  was no significant difference in survival ac- 
cording to patient sex, tumor  pathology (differen- 
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Fig. 5. Kaplan-Meier plot showing overall post-operative surviv- 
al for patients undergoing biopsy (B, n = 5), subtotal resection (S, 
n = 24), and total resection (T, n - 7). There was a trend to in- 
creased survival in patients undergoing total resection (p = 0.08) 
and 3 out of six survivors had total resection. 

tiated vs. undifferentiated, or neuronal  differentia- 
tion vs. other histology), or stage of disease at t ime 

of diagnosis (as determined by metastatic work up 

in 18 patients). Interestingly, the 5 year survival of 
pineal PNETs (pineoblastomas) compared  to non- 

pineal region PNETs was 30% vs. 12%. This differ- 

ence, however, did not reach statistical significance 

in an analysis of their survival curves (p = 0.26). Two 
of the survivors had pineoblastomas,  three had lo- 

bar PNETs,  and one survivor presented with intra- 

cranial leptomeningeal  dissemination. The mean 
patient ages were similar in the groups of undiffer- 

entiated tumors vs. differentiated (54 vs. 51 months) 

and in pineal vs. non-pineal region PNETs (55 vs. 52 

months).  The mean  patient age in neuronally differ- 
entiated tumors was slightly higher than non-neu- 

ronal tumors (64 vs. 49 months).  

The 5 year survival of patients diagnosed and 
treated in the last decade (since January 1984), com- 

pared to the first 14 years of study (1970-1983), was 
also similar, 15% vs. 19% respectively, although 
analysis of their survival curves suggested there was 
a trend towards bet ter  survival in the past decade 
(p = 0.11). Four out of the 6 survivors were treated 
since 1984. The mean age in the 1984-1995 group 

was slightly higher (60 vs. 47 months).  Ten out of 13 
patients who received adjuvant chemotherapy were 
also diagnosed and treated after 1984. 

A comparison was made between patients who 



underwent gross total resection with patients who 

had either a biopsy or subtotal resection. Statistical 

analysis showed that there was a trend to increased 
survival in those patients undergoing total resection 
(p = 0.08). Interestingly, 3 out of the 6 survivors had 
total resection. The mean age of patients undergo- 
ing total resection was 54 months compared with 52 
months in the subtotal resection/biopsy group. The 
survival curves for each type of surgical treatment 
are shown in Fig. 5. 

Seven out of the 10 patients who did not receive 
radiation therapy had severe post-operative neur- 
ologic disabilities and radiation therapy was not in- 
dicated. Therefore,  a comparison was not made be- 
tween those who received radiation and those who 
did not. However,  survival of patients receiving cra- 
niospinal radiation was compared to those who re- 
ceived brain radiation only, and no statistical differ- 
ence was found (p = 0.24). A comparison was also 
made for survival of those who received chemo- 
therapy initially with those who did not. This analy- 
sis revealed that there was a trend to better  survival 
in those patients who received adjuvant chemother- 

apy (p = 0.07), although if the same 7 patients were 
excluded from analysis as above, then there was 
clearly no difference. 

Discussion 

Supratentorial PNETs are extremely rare brain 
neoplasms and at the Hospital for Sick Children we 
have observed only 36 cases over the past 25 years, 
or approximately 3 cases every two years. A decade 
ago we reported on 144 children diagnosed with me- 
dulloblastoma over a 30 year period, suggesting 
that medulloblastomas are 3-4 times more common 
than supratentorial PNETs [10]. Supratentorial 
PNETs, including pineoblastomas, likely represent 
only 2-4% of all brain tumors in children [11]. 

Previous studies have reported dismal survivals 
for children with supratentorial PNET. In the origi- 
nal paper by Hart  and Earle only one patient sur- 
vived to 5 years and the remainder were dead at an 
average of 10 months [12]. Kosnik et al. in 1978 re- 
ported on 15 cerebral PNETs (excluding pineoblas- 
tomas) occurring in children of mean age 3.1 years 
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[13]. The survival at 1 year was only 10%. In more 
recent series, survival has been reported to be bet- 

ter, although these series are heterogeneous and 
difficult to compare. The two most recently report- 
ed series most closely resemble our own. Albright et 

al. reported on 27 patients with supratentorial 
PNET, excluding pineoblastoma [14]. All of their 
patients were children (only I patient older than 9 
years), although none were less than 1.5 years of 
age. The overall 5 year survival was 34% and all pa- 
tients received craniospinal radiation and chemo- 
therapy. Children 1.5-3 years old had a significantly 
worse survival compared to older children. Chil- 
dren with disseminated disease on post-operative 
staging examinations also had worse survival. 
There was a trend to better  survival in those chil- 
dren with smaller amounts of post-operative resid- 
ual disease. This same group has also reported on 
the survival of children with pineoblastomas [15]. 
Twenty-three patients with pineoblastomas of 
mean age 3.1 years were treated with surgery and 
chemotherapy. Craniospinal radiation was also giv- 
en to children older than 18 months. The 3 year sur- 
vival was 74%. Another  abstract has reported 48% 
5 year survival for children with pineoblastoma [16]. 
Both abstracts suggest that survival has improved 
because of craniospinal radiation and chemother- 
apy. 

Two year survival in a second recent series was 
47% and at 5 years was between 6 and 30% [17]. 
This series also excluded children with pineoblasto- 
ma but was otherwise similar in that the mean age of 
the children was 3.3 years. There was no correlation 
between survival and tumor differentiation or ex- 

tent of resection. Local recurrence, however, 
seemed to correlate with extent of primary resec- 
tion. 

Other  series of PNETs are quite different be- 
cause they examine a different patient population. 
Gaffney etal.  reported a 25% 5 year survival rate on 
a group of patients whose mean age was 17.3 years 
[18]. In their series, they also identified that degree 
of differentiation correlated with survival. The re- 
view of primary cerebral neuroblastomas by Berger 
et al. suggested that these tumors were a distinct 
clinicopathologic entity [4]. The mean age of pa- 
tients in their series was 9.9 years and they identi- 
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fled that cystic tumors and gross total resection 
were associated with better survival. Another  series 
of cerebral neuroblastomas reported 30% 5 year 
survival although 13% of their patients were older 
than 20 years of age [3]. 

It is clear from our study that age has a significant 
impact on survival, and therefore comparisons be- 
tween different studies must pay very close atten- 
tion to age. Perhaps differences in survival between 
two groups are more a function of age of the patient 
as opposed to the intrinsic biology of the tumor. Pa- 
tient age is known to have a significant impact on 
survival in supratentorial high grade astrocytomas 
[19]. Interestingly, our series had a very high pro- 
portion of patients at a very young age, with 36% of 
patients less than two years of age. Only six patients 
(17%) were older than 9 years of age and the oldest 
patient was 12 years old. In our series of 41 patients 
with intracranial neoplasms in the first year of life, 
19% were supratentorial PNETs [20]. In other se- 
ries, the incidence of supratentorial PNETs in the 
first 1-2 years of life was lower, ranging from 1%- 
14% [21-25]. The overall survival in our series may 
be lower than other series because of the higher 
proportion of younger patients. 

Presence or absence of any type of differentia- 
tion or neuronal differentiation had no impact on 
survival in our series. In medulloblastomas, differ- 
entiation has been reported to be associated with 
both a worse and a better prognosis [26, 27]. Only 
one report of supratentorial PNETs has suggested 
that degree of differentiation may correlate with 
survival [18]. Location of PNET also did not have 
any significant impact on survival, but there is sug- 
gestion that pineoblastomas may have a better sur- 
vival compared to cerebral hemisphere or deep 
PNETs. In addition, in this review, we did not dem- 
onstrate a difference in survival in patients with lo- 
calized disease at presentation compared to those 
with disseminated disease. Also, at recurrence, dis- 
ease remained local in 54% of patients and suggests 
that patients may benefit from repeat resection. In 
the 5 patients that came to autopsy, leptomeningeal 
dissemination was present in every case, however, 4 
of these patients were already known to have dis- 
seminated disease. Therefore, we were unable to 
ascertain whether patients with only clinically ap- 

parent local recurrence actually have widespread 
disseminated disease. Because all children now uni- 
formly undergo a post-operative staging assess- 
ment, we are likely to obtain a better assessment of 
the impact of tumor stage on survival in the future. 
Advanced disease stage is known to contribute to a 
worse survival in children with medulloblastom [28, 
29]. 

Although it did not reach statistical significance, 
there is a trend to better survival following gross to- 
tal resection. Three of the six survivors in this series 
had a gross resection. The impact that gross total 
resection has on survival makes intuitive sense, be- 
cause PNETs on pathologic examination tend to be 
sharply demarcated from the surrounding brain [5]. 
Type of radiation therapy and chemotherapy did 
not have an impact on survival although it is noted 
that 4 of the 6 survivors received chemotherapy fol- 
lowing diagnosis. The increasing use of chemother- 
apy and improved microsurgical resection in the 
past decade may have contributed to the trend to 
increased survival seen since 1984. Conversely, the 
fact that the overall survival is not statistically bet- 
ter after 1984, despite more aggressive treatment, 
emphasizes the extremely aggressive biologic na- 
ture of these lesions. 

Summary and treatment recommendations 

Supratentorial PNETs are highly malignant neo- 
plasms which have a much worse prognosis than 
medulloblastoma. Recent studies show that the 5 
year survival rate for medulloblastoma is 60-80% 
[28, 29]. Because of the rarity of these tumors, the 
controversies in opinion of pathologic classifica- 
tion, and the retrospective nature of past reviews of 
supratentorial PNETs, we have a poor understand- 
ing of the natural history of these lesions in children. 
Children usually present after a brief illness with 
signs and symptoms of raised intracranial pressure 
and imaging studies frequently reveal large tumors. 
Intracranial or spinal subarachnoid dissemination 
is estimated to be present in 20-40% of patients at 
the time of diagnosis. The overall 5 year survival of 
patients with supratentorial PNETs is 18% and 
young children have a worse prognosis. 



We recommended that all children with a supra- 
tentorial PNET undergo gross total resection. If re- 
sidual tumor is demonstrated on post-operative 
contrast enhanced neuroimaging studies, strong 
consideration should be given to performing a re- 
peat resection. Because of the extremely poor sur- 
vival of children with this disease, we recommended 
that all children receive post-operative chemother- 
apy. Radiation therapy should be withheld in pa- 
tients under the age of 3 years because of its long 
term adverse effects on the developing central 
nervous system, but it should be used for patients 
who fail chemotherapy. Craniospinal radiation with 
a local boost to the primary tumor site should be 
given to all children over 3 years of age, regardless 
of post-operative staging examination. With ag- 
gressive resection, craniospinal radiation, and che- 
motherapy, we have seen a progressive increase in 
survival of patients with medulloblastoma over the 
past decade. Hopefully, with a similar aggressive 
treatment plan, we will observe increased survival 
in the next decade in children with supratentorial 
PNETs. 
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