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Summary 

Although recently survival of some medulloblastoma patients 
increased remarcably, it remains a serious diagnosis in others. In 
order to predict the postoperative prognosis in patients treated for 
medulloblastoma, a new staging, scoring and grading system was 
developed. 

Sixty-six patients operated on microsurgically between I975 and 
1.990 at a single neurosurgical center were fully followed-up. No 
patient was excluded due to a poor postoperative course. Completion 
of commonly used radiotherapy protocols was attempted in all pa- 
tients. Survival of patients was evaluated by the Kaplan-Meier 
method. 

The following 5 parameters were selected to define subgroups: 
patients' age, turnout location and histology, degree of resection and 
presence or absence of metastases. Patients older than i0 years had 
a better prognosis than individuals aged 10 or less (p < 0.01), patients 
with lateral tumours had a better prognosis than patients with mid- 
line tumours with brain stem infiltration (p < 0.05), patients with 
complete tumour resection had a more favourable prognosis than 
individuals with subtotal (p < 0.01) or partial resection (p < 0.00l), 
patients without metastases at the time of diagnosis had a better 
prognosis than individuals without such evidence (p < 0.001), pa- 
tients with the desmoplastic tumour variant had a better prognosis 
than patients with classical tumour histology (p < 0.01). 

According to the prognosis of a distinct subgroup, scoring points 
were distributed which correlated with the degree of inter-subgroup 
significances. The sum of a single patient's scoring points was called 
the total score. Based on this score, three groups of prognosis were 
distinguished. The good prognosis group (n = 29) showed a signif- 
icantly better survival (p < 0,05) than the moderate prognosis group 
(n = 26), whereas the moderate prognosis group had a significantly 
better survival (p < 0.05) than the poor prognosis group (n = 11). 
A Kaplan-Meier survival rate of 62% was found in patients of the 
good prognosis group, a rate of 22% in the moderate prognosis 
group, and a rate of 0% in the poor prognosis group. 

It is concluded that this new staging, scoring and grading system 
is a simple and recommendable prognostic system for all patients 
treated surgically for medulloblastoma. 
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Introduction 

In  1925 Bailey a n d  C u s h i n g  2 i n t r o d u c e d  the  t e rm  

m e d u l l o b l a s t o m a  as a d i s t inc t  t u m o u r  en t i ty  which  dif- 

fered f r o m  all n e o p l a s m s  p rev ious ly  repor ted .  T h e y  

descr ibed  a h ighly  m a l i g n a n t  t u r n o u t  o f  the  cerebel lar  

mid l ine ,  hypo the t i ca l ly  de r iv ing  f r o m  a b i p o t e n t i a l  ec- 

t o d e r m a l  cell. This  t u r n o u t  occur red  p r e d o m i n a n t l y  in  

c h i l d h o o d  a n d  its t r e a t m e n t  had  a n  ext remely  p o o r  

ou t come .  In  1964 R u b i n s t e i n  a n d  N o r t h f i e l d  3~ d is t in-  

gu ished  the  desmoplas t i c  v a r i a n t  f r o m  the fo rmer ly  

descr ibed  m e d u l l o b l a s t o m a  based  o n  the presence  of  

a d d i t i o n a l  re t icu l in  fibers.  Les ions  w i t h o u t  such con-  

nect ive t issue were t e rmed  classical,  those  wi th  pa r t i a l  

d e s m o p l a s i a  were called t r a n s i t i o n a l  m e d u l l o b l a s t o m a .  

In  1983 R o r k e  z9 es tab l i shed  a new t u m o u r  concept .  

N o n - c e r e b e l l a r  t u m o u r s ,  mic roscop ica l ly  ind i s t ingu i sh -  

able  f rom m e d u l l o b l a s t o m a s ,  a n d  cerebel lar  medu l lo -  

b l a s t o m a s  were p laced  in to  one  g roup  cal led P r imi t ive  

N e u r o e c t o d e r m a l  T u m o u r s  ( P N E T ' s ) .  R o r k e  in t ro -  

duced  a t e rm  tha t  H a r t  a n d  Ear le  = had  p rev ious ly  used 

exclusively for s u p r a t e n t o r i a l  m a l i g n a n t  smal l  cell tu-  

m o u r s .  Present ly ,  the a b b r e v i a t i o n  P N E T  o f  the pos-  

te r ior  fossa ( P N E T - P F )  is used  as a s y n o n y m  for me-  

d u l l o b l a s t o m a .  

Surv iva l  d a t a  o f  m e d u l l o b l a s t o m a s  i m p r o v e d  dra-  

ma t i ca l ly  since their  i n t r o d u c t i o n  in to  the l i te ra ture  3' 
5, 9, 10, 14, 20, 21, 28, 36, 37 Never the less ,  regardless  o f  sat- 

i s fac tory  surviva l  in  some pa t ien ts ,  this t u m o u r  en t i ty  
r em a ins  a ser ious d iagnos i s  in  o thers  19' 21, 25, 32. F o r  this 

r ea son  there  is a need  for  a n  easily app l i cab le  p rognos i s  



60 u.  Sure etaL: Staging, Scoring and Grading of MedulIoblastoma 

p r e d i c t i n g  s y s t e m  t h a t  p r o v i d e s  use fu l  i n f o r m a t i o n  c o n -  

c e r n i n g  a s ing le  i n d i v i d u a l ' s  p r o g n o s i s .  

W e  h a v e  a n a l y s e d  r e t r o s p e c t i v e l y  p a t i e n t s  w i t h  m e -  

d u l l o b l a s t o m a s i n  o r d e r  to  d i s t i n g u i s h  p a t i e n t  s u b g r o u p s  

w i t h  s i g n i f i c a n t  d i f f e r e n c e s  o f  su rv iva l .  B a s e d  o n  t h e s e  

s u b g r o u p s ,  we h a v e  e s t a b l i s h e d  a n  ea r ly  p o s t o p e r a t i v e  

p r o g n o s i s  p r e d i c t i n g  sys t em.  

M a t e r i a l  and M e t h o d s  

Patients 

Seventy patients with the diagnosis of medulloblastoma have 
been treated between 1975 and 1990 at the Department of Neuro- 
surgery, University of Freiburg, Germany. All patients were operated 
on by standard microsurgical techniques and strategies 33' 34. Four 
patients (6%) were excluded due to incompleteness of their folIow- 
up data. The remaining 66 patients were completely followed-up. 

All patients had preoperative and postoperative cranial com- 
puterized tomography (CT) and/or magnetic resonance imaging 
(MRI). Spinal neuroradiological examinations 16, 35, 39 were per- 
formed only in paitents with medullary symptoms. Histologically, 
the classical and the desmoplastic turnout variants were distinguished 
from each other. If the complete turnout specimen revealed the typi- 
ca1 whorled reticutine fiber pattern surrounding tumour cell islands, 
the tumour was staged as a desmoplastic medulloblastoma 3~ Tu- 
mours with few or incomplete desmoplasia were interpreted as a 
transitional subtype, but were included in the classical medullo- 
blastoma group according to their similar biological behaviour 3~ 

Following surgery, 62 (94%) patients were treated by radiation. 
The majority of cases (n = 41 / 66%) received complete radiotherapy 
with doses of 30-35 Gy to the neuraxis, and a booster of 20 Gy to 
the posterior fossa. Due to side effects, 9 patients (14%) did not 
receive complete radiation doses. In 12 of our early patients (18%) 
the radiation doses have not been exactly documented. Four patients 
(6%) were not irradiated. Two of them died postoperatively within 
4 weeks of unrelated causes, 2 others refused radiotherapy and died 
within 6 months after the operation due to tumour recurrence. 

Thirty-two patients (49%) were subjected to a broad variety of 
different chemotherapy trials that were used between 1975 and 1990. 
Groups with similar protocols were too small to be comparable. 

Survival, Statistics and Staging 

Survival was described by means of the Kaplan-Meier method z4 
as to five postoperatively detectable parameters: age, tumour loca- 
tion, degree of resection, presence or absence of metastases, and 
histology. Based on these parameters, subgroups were defined 
(staged) in order to detect differences of survival. Survival curves 
were compared by the Wilcoxon test. A statistical significant 
(p < 0.05) difference between subgroups was considered as prog- 
nostic indicator for patient's survival. Non-significant parameters 
(i.e.: patients' sex) and parameters that were not detectable during 
the immediate postoperative period such as the completion of the 
radiotherapy, were not considered for our prognosis predicting sys- 
tem. 

Scoring 

According to the prognosis of a distinct subgroup, scoring points 
were distributed correlating with the degree of inter-subgroup sig- 
nificances. 

Grading 

The sum of a single patient's scoring points defined the total 
score, and was used to define different prognostic groups. 

R e s u l t s  

Staging and Scoring 

Age." A h i g h l y  s i g n i f i c a n t l y  b e t t e r  s u r v i v a l  (p < 0.01)  

was  f o u n d  in  t h e  p a t i e n t s  o l d e r  t h a n  10 yea r s  c o m p a r e d  

to p a t i e n t s  a g e d  10 yea r s  o r  less. P a t i e n t s  o l d e r  t h a n  

10 y e a r s  we re  t h e r e f o r e  s c o r e d  w i t h  2 p o i n t s ,  p a t i e n t s  

Table 1. Staging of Turnout Locations 

No. Location n s (%) 

1 a medial, no infiltration 16 38 
1 b medial, with infiltration 31 19 
2 a lateral 16 62 
2 b cerebello-pontine angle 3 33 

n number of patients, s Kaplan-Meier survival rate. 

Table 2. Staging of Degree of Resection 

Resection n s (%) 

Total 25 72 
Subtotal 33 23 
Partial 5 20 
Biopsy 3 0 

n number of patients, s Kaplan-Meier survival rate. 

Table 3. Scoring of Subgroups 

Parameter Subgroup Scoring-No. n s (%) 

Age > 10 years 2 33 53 
0-10 year 0 33 19 

Location 2 a 3 16 62 
1 a 2 16 38 
2b 1 3 33 
l b  0 31 19 

Resection total 4 25 72 
subtotal 2 33 23 
partial 1 5 20 
biopsy 0 3 0 

Metastases no 3 57 41 
present 0 9 0 

Histology desmoplastic 2 10 79 
classical 0 56 31 

n number of patients, s Kaplan-Meier survival rate. 



u. Sure el a/.: Staging, Scoring and Grading of Medulloblastoma 61 

10 years or younger  with 0 points (Table3). Fur ther  

subgroups (0-3 yrs: number  o f  patients (n): 12, Kaplan-  

Meier survival rate (s): 17%, 4-10yrs :  n = 2 1 ,  
s = 2 1 % ,  l l - 1 8 y r s :  n =  t0, s = 5 7 % ,  19-29yrs:  

n = 16, s = 55%, > 29yrs:  n = 7, s = 42%), did not  
show significant differences (Fig. 1). 

Location: Tumours  located in the vermis without  
(subgroup 1 a) and with brainstem (1 b) infiltration 

were distinguished f rom lateral lesions within the ce- 
rebellar hemispheres (2 a) or  within the cerebellopontine 

angle (2b) (Table 1). Subgroup 2 a  (n = 16, s = 62%) 
had a remarkably  better Kaplan-Meier  survival rate 
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than subgroup I a (n = 16, s = 38). Similarly, subgroup 

2 a showed a significantly better survival (p < 0.05) 

than subgroups 1 b and 2 b (Fig. 2). Accordingly,  sub- 
group 2 a was scored with 3 points (Table 3). 

Subgroup 1 a showed a tendency (p < 0,10) towards 
a better survival than subgroups 2 b (n = 3, s = 33%) 
and 1 b (n = 31, s = 19%), and was therefore scored 
with 2 points. Subgroup 2 b with a remarkably  better 

survival rate than subgroup 1 b was scored with 1 point. 

Subgroup 1 b was scored with 0 points (Table 3). 
Degree of resection: Tumours  were considered to- 

tally resected when no macroscopic  evidence of  tumour  
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Fig. 1. Kaplan-Meier life table according to the patient's age sub- 
groups. Survival rates see Table 3 
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lateral tumours, 2 b cerebellopontine angle tumours 

Fig. 3. Kaplan-Meier life table according to the degree of resection 
subgroups. Survival rates see Table 2 
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was present at the end of  surgery and the postoperative 
CT-scan showed no residual tumour  (n = 25, s = 72%, 
Table 2). A subtotal resection (n = 33, s = 23%, Fig. 3) 
was achieved in patients with tumour  infiltration of 
brainstem, cerebellar peduncles or vessels. A partial 
resection was carried out in patients with massive brain- 
stem and/or peduncular infiltration (n = 5, s = 20%). 
In patients with extensive tumour  spread (n = 3, 
s = 0%, Fig. 3), surgery was restricted to tumour  bi- 
opsy in order to confirm the histological diagnosis prior 
to palliative radiotherapy. 

A highly significantly better survival was found in 
patients with total resection compared with those who 
had a subtotal (p < 0.01) or a partial resection 
(p < 0.001). Correspondingly, the totally resected sub- 
group was scored with 4 points. The subtotally resected 
subgroup had a significantly better survival (p < 0.05) 
than the group with partial resection, and was scored 
with 2 points. Partially resectd patients were scored 
with 1 point, those with tumour  biopsy all died within 
3 years foffowing surgery, with 0 points. 

Metastases." Patients without metastases at the time 
of  surgery (n -- 57, s = 41%) showed a highly signif- 
icantly better survival (p < 0.001) than patients with 
metastases (n = 9, s = 0%, Fig. 4). Accordingly, the 
subgroup without metastases was scored with 3 points, 
the subgroup with secondary tumour  manifestations 
with 0 points (Table 3). 

Histological findings: Patients with the desmoplastic 
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Fig. 5. Kaplan-Meier  life table according to the tumour  histology 
subgroups. Survival rates see Table 3 

variant (n = 10, s = 79%) showed a highly significantly 
better survival than patients with the classical variant 
(n = 56, s = 31%, Fig. 5). The lesions of  8 patients with 
evidence of reticuline fibers in only a small part  of the 
tumour  were regarded as transitional tumour types, 
and subsequently included in the subgroup of patients 
with classical tumours. Patients with the desmoplastic 
variant were scored with 2 points, those with the clas- 
sical tumour  variant with 0 points (Table 3). 

Some patients presented with an unusual combi- 
nation of age, tumour histology and location. Three 
individuals with a desmoplastic tumour  were younger 
than 10 years (30%), 12 patients with a classical tumour  
were older than 18 years (21%). In 3 patients with a 
desmoplastic variant (30%), the lesion was located in 
the cerebellar midline. In contrast to these, 9 patients 
with a classical variant (16%) were treated for tumours 
of  the cerebellar hemispheres. 

Grading 

Three distinct prognostic groups were defined ac- 
cording to the total score of  each patient, the highest 
possible score being 14, the lowest 0. 

Patients with a score of  0-4 points were graded as 
having a poor  prognosis, those with 5-8 points a mo- 
derate, and individuals with 9-14 points as having a 
good prognosis. According to this scheme, 29 patients 
(44%) showed a good, 26 patients (39%) a moderate 
and 11 patients (17%) a poor  prognosis. 

Survival of  the 3 prognostic groups was evaluated 
by the Kaplan-Meier  method (Fig. 6). Patients belong- 
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Table 4. Grading of Prognosis Group 

Prognosis Final scoring n s (%) 
number 

Good 9-14 29 62 
Moderate 5- 8 26 22 
Poor 0- 4 1 l 0 

n number of patients, s Kaplan-Meier survival rate, 

ing to the good prognosis group (s = 62%) survived 
significantly longer (p < 0.05) than those of the mod- 
erate prognosis group (s = 22%), whereas the mod- 
erate prognosis groups showed a significantly better 
survival (p < 0.05) than the poor  prognosis group 
(s = 0%, Table4). 

Comparison of patients treated by surgery and ra- 
dio therapy with those who underwent additional chemo- 
therapy, did not show significant differences of sur- 
vival. At the end of our study, 30 patients (45%) had 
survived. The median survival time of all patients was 
55 months. 

Discussion 

In 1969 Chang e ta l .  9 introduced an operative stag- 
ing system in order to distinguish several clinical find- 
ings in patients harbouring a medulloblastoma using 
a scheme similar to the TNM system for other malig- 
nancies. A number of authors have meanwhile adopted 
this system for staging medulloblastomas 7' 15, 17 20, 23, 

2s, 42. However, some authors pointed out that Chang's 
staging system does not provide a reliable prediction 
for the prognosis of patients with medulloblastoma 16' 
19 

A critical review of the literature reveals numerous 
studies concerning the prognosis of medullobtastoma 
patients which have excluded those individuals with 
poor preoperative, intraoperative or postoperative 
courses < 7, ~0, ~9, 2< 26, 28. In our opinion, such results 

are not reliable for the prediction of postoperative prog- 
nosis. In the present study, no patient has been excluded 
from analysis. Therefore, our system can be applied to 
any patient harbouring a medulloblastoma following 
surgery. 

The influence of the age on patients' outcome is 
generally accepted. Our data suggested a prognostic 
difference in patients being 10 years old and younger 
and those older than 10. Previously, prognostic cut- 

63 

offs have been described between 3 and 10 years 1~ 1.' 

19, 28. The proposal of 3 years as a prognostic cut-off 

in the staging system of Laurent et al. 26 has been either 
denied or applied for different ages by numerous 
investigators 7, 13, is, 19, 25, 28, 40 The exclusion of distinct 

patient groups such as non-irradiated individuals, 
might explain these diverging opinions. 

The influence of tumour location on patients' prog- 
nosis was also mentioned by many authors 5, m, ~3, 28, 3o 

In accord with our own data, most of them reported 
a better prognosis for patients with lateral tumours 
compared to patients with midline lesions. However, 
our results demonstrated that lateral tumours can be 
subdivided into cerebello-pontine angle lesions and ce- 
rebellar hemispheric tumours, the latter bearing a more 
favourable prognosis than the former. Additionally, 
numerous authors emphasized a better prognosis in 
patients without brainstem involvement compared to 
patients with brainstem infiltration, which is confirmed 
by our data 9' 10, 14. 25, 26, 28 

Commonly, midline tumours cause hydrocephalus. 
Therefore, Chin and Maruyama suggested the presence 
of postoperative hydrocephalus as being a parameter 
for poor  prognosis 1I' 12. We believe that the use of this 
parameter as a prognostic factor is unreliable, since the 
hydrocephalus may have been treated or not before 
tumour removal. Some centers routinely performed 
preoperative shunt implantation in patients with cere- 
bellar midline tumours, others, however, avoided pre- 
operative shunting in order to reduce the risk for extra- 
axial tumour seeding 4. The fact that degree of tumour 
resection significantly influences the prognosis in pa- 
tients with medulloblastomas has been reported by 
many authors 8' 19, 25, 26, 2a, 40-42 and also confirmed by 

our own results. 
The presence of metastases at the time of tumour 

diagnosis indicates a poor  prognosis 1' 4, 17, 21, 25, 39. Re- 

cently, some authors 16' 19,2s applied Chang's metastases 
staging system 9 (M0 M4) in their own series. Concur- 
ring with our data, these authors did not find a prog- 
nostic difference between patients with different types 
of metastases (M0-M4). 

While some authors described significant differences 
of prognosis in patients with classical and desmoplastic 
tumour variants 3' 10, 18, others have denied such 
differences~3, 28. The reason for such discrepancy may 

be explained by the fact that in some of these studies 
tumours with even slight evidence ofdesmoplasia might 
have been misdiagnosed as desmoplastic medulloblas- 
tomas. These tumours, however, should be classified 
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as m e d u l l o b l a s t o m a s  o f  the t r ans i t iona l  type bear ing  a 

s imilar  prognos is  as those  o f  the  classical type 3~ and  

should  therefore  be classed into  one group.  The  fact  

tha t  classical and  desmoplas t i c  lesions m a y  occur  in a 

var ie ty  o f  unusua l  combina t ions  o f  the pa t i en t ' s  age as 

well as t u m o u r  h is to logy  and  loca t ion  underscores  the 

i m por t ance  for  a prognos is  pred ic t ing  system tha t  re- 

cognizes in f o r m a t i o n  f rom all these different  p rognos -  

tic parameters .  

C o n t r a r y  to the genera l ly  accepted p rognos t i c  value 

o f  the above  men t ioned  factors ,  some p rognos t i c  pa-  

rameters  are  still cont rovers ia l ly  deba ted  in the liter- 

ature.  Packer  e t a l .  27 descr ibed  a be t te r  p rognos i s  for  

pa t ien ts  with undi f fe ren t ia ted  t umour s  as c o m p a r e d  to 

pa t ien ts  with glial, neurona l  or  e p e n d y m a l  different ia-  

t ion, whereas  these f indings were denied by o ther  
inves t iga tors  7, 14, 31, 38. Recent  deve lopmen t  in mole-  

cu lar  and  cytogenic  b io logy,  such as an accura te  detec- 
t ion o f  cell d i f fe rent ia t ion  7' 27, 31, DNA_ploidity31, 32, 42, 

c h r o m o s o m a l  abe ra t ions  31 or  the pro l i fe ra t ive  index o f  

t u m o u r  cells 31' 3:, offers the poss ib i l i ty  o f  de tec t ing  new 

and  rel iable  p rognos t i c  pa ramete r s .  Present ly,  these 

m e t hods  have no t  yet  led to clear  results  for  de te rmin ing  

the pa t i en t ' s  p rognos i s  31. The  future  use o f  such meth-  

ods  in centers  wi th  m o d e r n  d iagnos t ic  equipment ,  how-  

ever, m a y  give more  deta i led  i n fo rma t ion  a b o u t  a single 

pa t i en t ' s  prognos is .  

Conclusion 

Previous ly  pub l i shed  m e d u l l o b l a s t o m a  s taging 
systems 9, 11, 12, 26, 32 have no p rov ided  rel iable  infor-  

m a t i o n  a b o u t  a single pa t i en t ' s  p rognos i s  at  the t ime 

o f  the h is to logica l  diagnosis .  Therefore ,  a new pos t -  

opera t ive  m e d u l l o b l a s t o m a  prognos i s  pred ic t ing  sys- 

tem based  on 5 pa rame te r s  was developed.  A newly 

des igned 14-point  scor ing system enables  a s imple stag- 

ing (Table3) .  The  d is t inc t ion  o f  three p rognos t i c  

g roups  (good,  m o d e r a t e  and  poor )  al lows an  accura te  

p rognos t i c  g rad ing  for  any pa t i en t  (Table  4). N o  so- 

ph is t ica ted  d iagnos t ic  equ ipmen t  is requi red  to pe r fo rm  

a comple te  staging, scor ing and  g rad ing  with the 5 

p r o p o s e d  paramete rs ,  

The  present  p rognos i s  pred ic t ing  system has  been 

deve loped  on the basis  o f  the da t a  o f  a single ins t i tu te ' s  

pat ients .  In  con t ras t  to o ther  repor ts ,  no pa t i en t  was 

excluded because  o f  a p o o r  pos tope ra t ive  course  or  

incomple te  pos tope ra t ive  r a d i o t h e r a p y  pro toco l .  

Therefore ,  the present  system can be app l ied  in all 

surgical ly t rea ted  pat ients ,  p rov ided  s t a n d a r d  rad io-  

t he rapy  will be a imed  at  pos topera t ive ly .  
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