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A review of clinical and histological features
of Spanish paediatric medulloblastomas
during the last 21 years

Abstract Purpose: To find any
feature of prognostic significance
among the clinical and histological
characteristics of paediatric patients
diagnosed with medulloblastoma
(MB). Materials and methods:
Clinical charts and paraffin blocks of
79 paediatric patients from nine
Spanish institutions diagnosed with
MB between 1980 and 2001 were
reviewed retrospectively. Included
clinical and histological characteris-
tics were age, sex, duration of symp-
toms, physical signs on admission,
tumour location, T and M stages of
Chang classification, hydrocephalus,
cerebrospinal fluid shunt, surgical
resection, complications after surgery,
MB subtype, desmoplasia, nodularity,
fibrilar pattern, nuclear pleomor-
phism, necrosis grade, proliferation

index and intra-tumoural vascularity.
Overall and event-free survival (EFS)
univariate and multivariate analyses
were assessed. Results: Type of
surgery and necrosis grade appeared
to be independent prognostic vari-
ables in overall and EFSs. Although
nuclear pleomorphism and intra-
tumoural vascularity showed a mar-
ginally statistical effect on overall
survival (OS), both had a significant
influence on EFS. Conclusion: We
have confirmed surgical resection and
added necrosis grade as independent
prognostic factors in terms of OS for
children diagnosed with MB.

Keywords Medulloblastoma .
Prognostic factors . Clinical
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Introduction

Medulloblastoma (MB), the most common malignant brain
tumour in childhood, accounts for approximately 20% of
brain tumours, which represent the second malignancy in
frequency after leukaemia in children [1–3]. Although
overall survival (OS) for standard-risk (SR) patients has
improved to 70–80% at 5 years [4, 5] after current surgical,
radiotherapy and chemotherapy approaches, these results
are considerably reduced for high-risk (HR) patients,
varying from 55 to 76% [6–8]. Unfortunately, nearly all
survivors present some kind of long-term side effects such
as cognitive impairment [9], growth failure [10], hypothy-
roidism [11], hearing loss [12] and second malignancies
[13].

During the last decades, due to these survival rates and
side effects, there have been continuous attempts to sub-
classify these patients into an HR group, those children who
would benefit from a more intensive treatment to reach a
longer survival, and an SR group, composed of those child-
ren who could receive a less aggressive therapy with pre-
sumably less long-term sequelae. Twenty-five years have
been needed to validate metastatic stage and type of surgery
as the only clinical characteristics with prognostic value [7,
14, 15]. At present, molecular features are under investiga-
tion on current protocols, the results of which will be shown
in several years. However, from the molecular profile to the
clinical expression of a tumour, there is its histological
phenotype, which can be reviewed in a retrospective way to
help elucidate some clues. Apart from MB with extensive
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nodularity and advanced neuronal differentiation [16] and
large-cell MB [17, 18], which have been related with a good
and a poor outcome, respectively, there are other histolog-
ical features described in the literature, such as nuclear
pleomorphism and necrosis grade [19], which can be graded
and included in the subtyping of risk groups.

In our opinion, it is the combination of clinical, his-
tological and molecular characteristics that gives us a clue
to subclassify these patients. Hence, we reviewed retro-
spectively the Spanish paediatric population affected with
MB between 1980 and 2001 and studied the survival rates
in relation to the clinical and histological features in an
attempt to find independent prognostic variables.

Materials and methods

Materials

Between 1980 and 2001, 451 children younger than 14
years diagnosed with MB had been notified to the Spanish
National Registry of Infant Tumours by 34 infant hospitals.
Clinical charts and paraffin blocks of 84 cases were avail-
able for reviewing retrospectively from nine institutions
(Hospital Central de Asturias, Hospital Clínico Universi-
tario de Santiago-La Coruña, Hospital de Cruces-Bizkaia,
Hospital Materno Infantil de Málaga, Hospital Miguel
Servet-Zaragoza, Hospital Ramón y Cajal-Madrid, Hospi-
tal de Sabadell-Barcelona, Hospital Santa Creu i Sant Pau-
Barcelona and Hospital Virgen del Rocío-Sevilla), and
eight more cases younger than 18 years were added. Seven
tumours were excluded due to the misdiagnosis of MB, and
six patients were censored because their deaths were in
relation to treatment problems instead of the tumour itself.
Thereby, 79 patients up to 18 years of age diagnosed
with MB between 1980 and 2001 and followed-up until
December 2002 were analysed. Received postoperative
treatment included SIOP I, SIOP II, SIOP III, CCG 921 and
CCG 9892 protocols in 7, 15, 28, 3 and 5 patients, res-
pectively. Sixteen patients received other modalities of
treatment based on chemotherapy and radiotherapy. The
therapy could not be collected in four cases, and one patient
did not receive any kind of treatment after surgery.

Methods

Clinical characteristics considered as possible prognostic
variables and analysed from reviewing the clinical charts
in their proceeding hospitals were age, sex, duration of
symptoms, physical signs on admission, location of the
tumour in the cerebellum, T and M stages of Chang
classification [20], hydrocephalus, cerebrospinal fluid (CSF)
shunt placement, type of surgery and presence of com-
plications related to surgery. For the survival analysis,
patients were divided into two groups according to the age

of 3 years (<3 vs ≥3 years), the sex (female vs male), the
median of the duration of symptoms (≤30 vs >30 days),
the median of the number of physical signs (≤2 vs >2
signs), the presence of hydrocephalus, the CSF shunt
placement, the type of surgery [total resection (when 100%
of the tumour had been removed or postoperative imaging
showed no residual disease) vs subtotal resection (when
those criteria were not fulfilled)] and the presence of
complications related to surgery, which included meningi-
tis, haematoma, hygroma, CSF fistula, shunt obstruction
and surgery. In regard to the location in the cerebellum,
three groups were created depending on the site where the
tumour had been visualised: the vermis, hemispheres or
both sites. Finally, five T and M stages were considered
according to the Chang classification [20]. At Hospital de
Cruces, new 4-µm-thick sections were done from the
paraffin blocks to be stained with haematoxylin and eosin
(H & E). Immunohistochemical reactions were performed
using the streptavidin/peroxidase method (DAKO Chem-
Mate detection kit, peroxidase/DAB, rabbit/mouse) and
the following antibodies (Abs): rabbit polyclonal Ab
against Ki-67 antigen (DAKO) and monoclonal Ab
JC/70A (DAKO) against platelet/endothelial adhesion
molecule or CD31. Histological parameters examined
from the H & E stained sections were MB subtype,
desmoplasia, nodularity, fibrilar pattern, nuclear pleomor-
phism and necrosis grade. Proliferation index (PI) was
quantified by counting 1,000 tumour cells in the highest-
staining region at ×200 magnification, and it was expressed
as the number of Ki-67-positive cells out of 100 neoplastic
cells. Intra-tumoural vascularity was determined by ob-
serving the whole section at ×100 magnification and
expressed as the density of the tumour occupied by CD31-
stained vessels in a grading order of less than 1% (absent),
1–29% (low), 30–59% (moderate) and 60–100% (exten-
sive). For the survival analysis, each of the mentioned
histological parameters were divided into different groups.
Five MB subtypes were considered according to the World
Health Organization (WHO) classification [21]: classic
MB, desmoplastic MB, large-cell MB, medullomyoblas-
toma and melanotic MB. Desmoplasia, defined as the
presence of collagen fibres in the extracellular matrix, was
divided into inherent desmoplasia, when it was produced
by the tumour itself, and reactive desmoplasia, as a result of
the contact with meningeal membranes or blood vessels.
Nodularity was graded as less than 1% (absent), 1–29%
(low), 30–59% (moderate) and 60–100% (extensive)
according to the area of the tumour occupied by nodules,
which were described as circular pale regions characterised
by its low cellularity. Fibrilar pattern was considered as
neuronal expression and graded in four groups in terms of
neuronal maturation from its absence to the presence of a
background fibrilar architecture (low), Homer Wright ro-
settes (moderate) or ganglion cells (advanced). Nuclear
pleomorphism, determined as an increasing change in the
shape and size of the monotonous round–oval nucleus of
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MB, was categorised into four groups: absent; slight, cells
with nuclei considered as large and atypical in a first review
but considered as normal in a second review; moderate,
cells with nuclei twice the size of normal cells in a localised
distribution; severe, as moderate category distributed in a
diffuse form or cells with nuclei three times the size of
normal cells in a localised or diffuse manner. Necrosis was
defined as the presence of foci of cell necrosis and graded
according to the area of the tumour occupied by those foci
as no necrosis (absent), less than 10% (low), 10–19%
(moderate) and 20–30% (high). Two groups were created
from the mean PI (49.42%) and termed as low-PI group,
when the value was ≤49.42%, and high-PI group, when it
was >49.42%. Finally, in regard to intra-tumoural vascu-
larity, tumours were divided into four groups as explained.

Statistical analysis

Described clinical and histological characteristics were
considered independent variables [22]. Mean, median,
standard deviation and range were used for the description
of numerical variables, and relative frequencies were used
for the description of categorical variables. From the
previously determined groups of the characteristics, OS
and event-free survival (EFS) were estimated using
Kaplan–Meier curves with Greenwood method for 95%
confidence interval (CI). An event was considered as
relapse, progression or death when there had not been a
response to treatment. Univariate and multivariate analyses
of OS and EFS Kaplan–Meier curves were performed
based on log-rank test and Cox model, respectively. p
values <0.05 were deemed as statistically significant. Only
those variables which had shown a p value <0.20 were
introduced in the multivariate analysis. Microsoft Excel
2000 and Stata 8.0 for Windows were used for the analyses.

Results

Clinical characteristics of the patients

After reviewing the clinical charts, age, sex, T stage and
type of surgery could be collected from the 79 patients.
However, symptoms, signs, location of the tumour, M
stage, hydrocephalus, CSF shunt placement and complica-
tions related to surgery could only be found in 75, 67, 66,
64, 78, 77 and 67 patients, respectively. Along with
survival analysis, Table 1 summarises the results. The mean
age was 92.41 (SD±44.10) months, and the median was 89
(range 7–195) months. Sixty-one per cent (n=48) and 39%
(n=31) of the patients were male and female, respectively.
Headache and vomiting were the most frequent symptoms,
described in 78 and 70% of the patients, respectively. The
mean duration of symptoms was 64.29 (SD±99.18) days,

and the median was 30 (range 1–720) days. The most
frequent sign was papilledema, found in 70% of the
patients. The mean number of signs was 2.33 (SD±1.35),
and the median was 2 (range 0–5) signs. Sixty-four per cent
(n=42) of the tumours were localised in the vermis. Neither
T1 nor M4 stages of the Chang classification were found
among the patients. Fifty-six per cent (n=44) and 79%
(n=50) were classified as T3b and M0 stages, respectively.
Hydrocephalus was found in 95% (n=74) of the patients,
and 67.5% (n=50) of them needed a CFS shunt to release
intracranial hypertension. Sixty-eight per cent (n=54) and
32% (n=25) of the patients underwent a total and a subtotal
resection of the tumour, respectively. Relating to surgery,
42% (n=28) of the patients had some kind of complication
such as new surgery (n=16), infection (n=14), CSF fistula
(n=8), CSF shunt obstruction (n=2), haematoma (n=1)
and hygroma (n=1). Eleven patients had two or more
complications.

Histological parameters of the tumours

Table 2 shows the results of the evaluation at Hospital de
Cruces with survival analysis. MB subtype examination
revealed 74 classic MB, 4 desmoplastic MB and 1 me-
dullomyoblastoma. Desmoplasia was present in 53%
(n=44) of the tumours, determined as inherent in 25%
(n=20) and reactive in 28% (n=22), respectively. In regard
to nodularity, it was present in 14% of tumours, distributed
as 4% (n=3) low, 5% (n=4) moderate and 5% (n=4)
extensive. Sixty-five per cent (n=51) of the tumours
displayed some grade of neuronal maturation with Homer
Wright rosettes in 23% (n=18) and ganglion cells in 3%
(n=2) of them. Nuclear pleomorphism was described in
86% (n=68) of the tumours; however, moderate and severe
categories were reserved for 27 (n=21) and 5% (n=4) of
them, respectively. Necrosis was graded as low, moderate
and extensive in 38 (n=30), 11 (n=9) and 4% (n=3) of the
tumours, respectively. Forty-seven per cent (n=36) of the
tumours showed high PI compared to 53% (n=41) with low
PI. All tumours presented some grade of vascularity,
categorised as low in 38% (n=30), moderate in 48% (n=38)
and extensive in 14% (n=11) of them.

Survival

In December 2002, 37 patients were alive without disease,
1 patient was receiving chemotherapy after first relapsing
and 41 patients had died. The mean and median follow-up
times were 75.47 (SD±68.07) and 53 (range 2–264)
months, respectively. OS was 55% (95% CI 43–65) at 5
years and 43% (95% CI 31–55) at 10 years. EFS was 46%
(95% CI 34–57) at 5 years and 43% (95% CI 31–54) at 10
years.
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Univariate analysis

Tables 1 and 2 summarises the OS and EFS results. In
relation to the clinical characteristics, there was a not
statistically significant tendency for a better survival (OS
and EFS) among those patients who were older than 3
years, were female, had a history of symptoms longer than

30 days, presented less than two signs on admission, had a
tumour confined to the vermis or the hemispheres, did not
need a CSF shunt and did not suffer from surgery
complications. With a marginally significant difference
(p=0.05), T stage showed how patients with an infiltrating
tumour (T3b) had a worse survival (OS and EFS) than
patients with tumours staged as T2 and T3a. M stage

Table 1 Overall and event-free survivals of clinical characteristics (univariate analysis)

Clinical characteristic Number of
patients (%)

Overall survival (%) Event-free survival (%)

5 years
(95% CI)

10 years
(95% CI)

p 5 years
(95% CI)

10 years
(95% CI)

p

Age (months)
<36 6 (8) 33 (4–67) 33 (4–67) 0.34 33 (4–67) 33 (4–67) 0.39
≥36 73 (92) 57 (44–67) 44 (31–57) 47 (35–58) 43 (31–55)
Sex
Male 48 (61) 53 (30–69) 39 (24–53) 0.67 44 (30–58) 42 (27–55) 0.85
Female 31 (39) 58 (38–74) 52 (30–69) 48 (29–65) 44 (27–55)
Duration of symptoms (days)
≤30 43 (57) 59 (42–72) 48 (31–63) 0.63 57 (41–71) 51 (34–65) 0.30
>30 32 (43) 47 (28–63) 36 (18–55) 32 (17–49) 32 (17–49)
Number of signs
≤2 37 (55) 61 (44–75) 49 (30–66) 0.35 56 (39–70) 50 (33–65) 0.23
>2 30 (45) 46 (27–62) 42 (24–59) 39 (21–56) 39 (21–56)
Location of tumour
Vermis 42 (64) 53 (37–67) 44 (27–60) 0.70 47 (31–61) 47 (31–61) 0.42
Hemisphere 14 (21) 51 (23–73) 41 (15–65) 43 (17–67) 43 (17–67)
Vermis + H 10 (15) 44 (13–71) 33 (7–62) 22 (3–51) 22 (3–51)
T stagea

T2 14 (18) 70 (39–87) 70 (39–87) 0.05 70 (39–87) 70 (39–87) 0.05
T3a 44 (56) 55 (38–68) 45 (29–60) 47 (31–60) 44 (29–58)
T3b 16 (20) 34 (12–57) 12 (1–40) 18 (3–42) 18 (3–42)
T4 5 (6) 80 (20–96) 53 (6–86) 60 (12–88) 60 (12–88)
M stageb

M0 50 (79) 65 (50–77) 53 (36–67) 0.03 53 (38–66) 50 (35–64) 0.08
M1 6 (9) 50 (11–80) 50 (11–80) 50 (11–80) 50 (11–80)
M2 2 (3) 0 0 0 0
M3 6 (9) 16 (0–51) 16 (0–51) 16 (0–51) 16 (0–51)
Hydrocephalus
Present 74 (95) 54 (42–65) 42 (29–54) 0.98 45 (33–56) 41 (29–53) 0.85
Absent 4 (5) 50 (29–68) 50 (29–68) 50 (5–84) 50 (5–84)
CSF shunt
Present 50 (67.5) 51 (36–64) 39 (24–54) 0.74 41 (27–55) 37 (23–50) 0.50
Absent 24 (32.5) 60 (39–75) 50 (29–68) 53 (33–69) 53 (33–69)
Surgery
Total 54 (68) 69 (54–79) 57 (41–70) <0.01 62 (47–73) 57 (42–69) <0.01
Subtotal 25 (32) 24 (9–43) 14 (3–32) 10 (2–27) 10 (2–27)
Complications with surgery
Present 28 (42) 56 (36–72) 39 (20–57) 0.95 42 (23–59) 33 (16–51) 0.74
Absent 39 (58) 52 (34–66) 46 (28–62) 48 (32–63) 48 (32–63)

H Hemisphere, CSF cerebrospinal fluid
aFrom the Chang classification
bFrom the Chang classification
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resulted in a statistically significant OS (p=0.03), with
better results for patients with a localised disease (M0) vs
patients with a disseminated disease. However, EFS
difference was not statistically significant (p=0.08). The
only clinical feature with a significant influence on both OS
and EFS was type of surgery since patients with a totally
removed tumour showed better outcomes vs patients with a
subtotal resection. Concerning the histological parameters,
neither MB subtype, desmoplasia, nodularity nor fibrilar
pattern showed statistically different survival (OS and
EFS). However, the patient with a medullomyoblastoma,

three of the four patients with a desmoplastic MB and
the two patients with ganglion cells, as expression of the
highest degree of neuronal maturation, were alive. On
the other hand, those patients with an MB expressing
inherent desmoplasia and those patients with nodules on
their tumours appeared to have a better OS and EFS than
the rest of the patients in regard to those features. Nuclear
pleomorphism, necrosis grade and intra-tumoural vascu-
larity were statistically significant factors for OS and EFS
as far as all the patients with a tumour showing the highest
degree of each of these variables had died, and there was a

Table 2 Overall and event-free survivals of histological parameters (univariate analysis)

Histological parameters Number of
tumours (%)

Overall survival (%) Event-free survival (%)

5 years
(95% CI)

10 years
(95% CI)

p 5 years
(95% CI)

10 years
(95% CI)

p

MB subtype
Classic 74 (94) 53 (40–64) 41 (28–53) 0.37 43 (32–55) 40 (28–51) 0.31
Desmoplastic 4 (5) 75 (12–96) 75 (12–96) 75 (12–96) 75 (12–96)
Medullomyoblastoma 1 (1) 100 100 100 100
Desmoplasia
Absent 37 (47) 50 (32–65) 31 (15–50) 0.21 41 (24–56) 32 (17–49) 0.08
Reactive 22 (28) 50 (28–68) 40 (19–59) 36 (17–55) 36 (17–55)
Inherent 20 (25) 69 (44–85) 69 (44–85) 70 (45–85) 70 (45–85)
Nodularity
Absent 68 (86) 53 (41–65) 41 (27–53) 0.79 43 (31–55) 39 (27–51) 0.69
Low 3 (4) 66 (54–94) 66 (54–94) 66 (5–94) 66 (5–94)
Moderate 4 (5) 50 (57–84) 50 (57–84) 50 (5–84) 50 (5–84)
Extensive 4 (5) 75 (12–96) 75 (12–96) 75 (12–96) 75 (12–96)
Fibrilar pattern
Absent 28 (35) 52 (32–69) 39 (20–57) 0.49 45 (26–62) 36 (18–54) 0.49
Low 31 (39) 58 (39–74) 45 (25–63) 46 (28–63) 46 (28–63)
Moderate 18 (23) 46 (22–68) 46 (22–68) 40 (17–62) 40 (17–62)
Advanced 2 (3) 100 100 100 100
Nuclear pleomorphism
Absent 11 (14) 90 (50–98) 56 (21–81) <0.01 80 (42–94) 57 (22–81) <0.01
Low 43 (54) 65 (49–78) 54 (36–69) 54 (38–68) 54 (38–68)
Moderate 21 (27) 24 (8–45) 24 (8–45) 19 (5–39) 19 (5–39)
Severe 4 (5) 0 0 0 0
Necrosis grade
Absent 37 (47) 74 (56–85) 59 (39–74) <0.01 63 (45–76) 56 (38–71) <0.01
Low 30 (38) 46 (27–63) 37 (19–55) 37 (20–54) 37 (20–54)
Moderate 9 (11) 16 (1–49) 16 (1–49) 22 (3–51) 22 (3–51)
High 3 (4) 0 0 0 0
PI
Low PI 36 (47) 68 (50–81) 54 (35–69) 0.02 57 (39–71) 50 (32–65) 0.06
High PI 41 (53) 43 (27–58) 34 (18–51) 36 (22–51) 36 (22–51)
Intra-tumoural vascularity
Absent 0 (0)
Low 30 (38) 62 (42–77) 51 (29–69) <0.01 59 (39–74) 54 (34–71) <0.01
Moderate 38 (48) 60 (42–74) 48 (30–64) 47 (30–62) 43 (27–59)
Extensive 11 (14) 18 (2–44) 9 (0–33) 9 (0–33) 9 (0–33)

PI Proliferation index
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better survival with decreasing grades. Finally, patients
with a PI more than 49.42% in their tumours had a sig-
nificantly worse OS (p=0.02) but not EFS (p=0.06).

Multivariate analysis

Although M stage had shown statistically significant
influence on survival univariate analysis, it was censored
to increase the statistical power because its value could not
have been collected in 15 patients. Tables 3 and 4 show
how type of surgery and necrosis grade had independent
prognostic value on outcome in relation to either OS or
EFS. Patients who underwent subtotal surgery had a risk of
death 3.17 times greater than patients who underwent total
surgery. In a similar way, patients with an increasing
tumour necrosis grade from low to moderate and to high
displayed an increasing risk of death from 1.74 to 8.13 and
to 14.76 times, respectively, than the risk of patients
without necrosis in their tumours. T stage, nuclear pleo-
morphism and intra-tumoural vascularity yielded a margin-
ally significant effect on OS (p=0.08, 0.06 and 0.07,
respectively). T stage maintained that marginally statistical

significance (p=0.05) on EFS, but the other two variables
showed independent prognostic value.

Discussion

Although MB is the most common malignant brain tumour
in children [1–3] due to its low frequency in individual
institutions, international and national multicentre trials are
necessary to look for prognostic factors. In any retro-
spective study, a limiting problem was the collection of
patients’ data and stored paraffin blocks. However, we
have described how it was possible to review retro-
spectively the clinical and histological characteristics of 79
patients younger than 18 years diagnosed with MB in nine
Spanish institutions from 1980 to 2001.

There are some studies which have related youngest
patients [7, 14], male sex [23], short history of symptoms
[24], vermis location [25], infiltrating disease [26], intra-
cranial hypertension [27] and CSF shunt presence [13] with
a worse outcome. However, according to our results and to
the prognostic factors which guide current protocols,
neither sex, symptoms and signs, cerebellum location, T
stage of the Chang classification, hydrocephalus nor CSF
shunt placement has demonstrated a significant influence
on survival. At present, independently of its effect on
survival but as a consequence of the side effects observed
in a developing brain secondary to radiotherapy, patients
younger than 3 years are included in protocols based on
different regimes of chemotherapy [6]. In our study, the M
stage of the Chang classification showed statistically
significant difference in OS but lost it in EFS. As we
censored its inclusion in multivariate analysis due to the
absence of 15 cases, we cannot be conclusive about its
effect on survival. However, nowadays, M stage is recog-
nised as an independent prognostic factor, and patients with
a localised disease (M0) are included in the SR group,
while patients with metastases (M1-3) belong to the HR
group [7, 14]. Our results described that patients who
underwent subtotal surgery had a significantly higher risk
of death than patients who underwent total surgery.
According to Albright and colleagues [15], current pro-
tocols accept a residual disease more than 1.5 cm2 on
postoperative magnetic resonance imaging (MRI) as the
second clinical variable of HR group patients. However,
both neurosurgeon’s opinion [14] and postoperative MRI
[15] have demonstrated the independent prognostic value
of surgery.

Apart from MB with extensive nodularity and advanced
neuronal differentiation [16] and large-cell MB [17, 18],
which have been related with a good and a poor outcome,
respectively, the WHO classification has not shown any
other relation with survival. In a similar manner to Eberhart
and colleagues [19], we evaluated both components of
desmoplastic MB, desmoplasia and nodules separately. In
regard to the latter, we both described a tendency to a better

Table 3 Overall survival multivariate analysis

Clinical/histological variables Overall survival

Hazard ratio 95% CI p

Surgery
Subtotal 3.17 1.64–6.15 <0.01
Necrosis grade
Low 1.74 0.84–3.60 <0.01
Moderate 8.13 3.04–21.76
High 14.76 3.67–59.32

Table 4 Event-free survival multivariate analysis

Clinical/histological variables Event-free survival

Hazard ratio 95% CI p

Surgery
Subtotal 2.57 1.31–5.02 <0.01
Nuclear pleomorphism
Low 1.56 0.52–4.65 0.01
Moderate 4.28 1.35–13.53
Severe 0.88 0.10–7.65
Necrosis grade
Low 1.18 0.57–2.26 0.01
Moderate 4.38 1.53–12.56
High 35.38 3.69–339.18
Intra-tumoural vascularity
Moderate 1.16 0.57–2.38 <0.01
Extensive 4.46 1.77–11.23
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outcome in relation to increasing grades of nodules in the
tumours. However, concerning the former, while the
mentioned authors examined the presence or absence of
desmoplasia without reaching any conclusion, we went
further and differentiated between inherent and reactive
desmoplasia, showing a no significantly better outcome for
patients with inherent desmoplasia in their tumours. As
defining features of malignant neoplasms, nuclear pleo-
morphism, necrosis grade and increased PI showed sta-
tistically significant effect on OS. However, only necrosis
grade behaved as an independent prognostic factor as it has
been previously published [19]. There are two reasons why
nuclear pleomorphism could have lost its significance in

the multivariate analysis. Firstly, it could have been ab-
sorbed by necrosis grade because both parameters are
significantly associated (data not shown). Secondly, some
tumours with a change in the size and shape of their nuclei
secondary to the fibrilar pattern were also introduced in the
category of nuclear pleomorphism. When tumours were
separately analysed with a nuclear change as a malignant
feature and as tumours with changes secondary to the
fibrilar pattern, the patients with the former tumours
showed a significantly worse OS at 10 years (18, 95% CI
2–44 vs 51%, 95% CI 31–68%) (p<0.01). In spite of these
results, our EFS multivariate analysis and published
literature [18, 19] confirm nuclear pleomorphism as an

Fig. 1 Kaplan–Meier curves of clinical and histological features
with statistically significant (type of surgery and necrosis grade) or
marginally significant effect (T stage, nuclear pleomorphism and

intra-tumoural vascularity) on overall survival multivariate analysis.
Patient numbers in each group are shown
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independent prognostic factor. In contrast to Grotzer and
colleagues [28], but as other authors [29] have previously
described, PI could have been absorbed by the necrosis
grade in multivariate analysis due to their statistical
association (data not shown) and lost its prognostic
significance. Finally, although MB has been described as
a highly vascular tumour [29, 30], this is the first time
that it has been correlated with survival. With a marginal
significance in OS and a statistical difference in EFS
univariate analyses, increasing grades of intra-tumoural
vascularity were related with worse outcomes.

In conclusion, after reviewing retrospectively 79 paedi-
atric patients and paraffin blocks from nine Spanish
institutions, we have confirmed type of surgery and
added necrosis grade as independent prognostic factors in
terms of OS for children diagnosed with MB (Fig. 1). In
our opinion, with a marginally statistical significance in
OS, the T stage of the Chang classification [20] and the
highest grades of nuclear pleomorphism and intra-tumoural
vascularity must be taken into account when observed at

diagnosis (Fig. 1). In regard to the M stage of the Chang
classification [20], we cannot be conclusive because we
censored it in the multivariate analysis.
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