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Purpose: Little is known of the outcome of long-term survivors of
childhood medulloblastoma, one of the most common pediatric
malignancies. To determine the potential for secondary malignan-
cies, a retrospective outcome evaluation in 88 consecutive cases of
childhood medulloblastoma was performed.
Patients and Methods: The records of all patients with childhood
medulloblastoma diagnosed at Children’s National Medical Center
in Washington, DC from 1969 through 1997 were reviewed.
Results: The median follow-up time was 92 months (range 6–257
months). Overall survival was 59% at 5 years and 52% at 10 years.
Univariate analysis showed that age at diagnosis, extent of surgical
resection, presence of metastatic disease (M stage), ventriculoperi-
toneal shunt placement within 30 days from diagnosis, posterior
fossa radiation therapy dose, and adjuvant chemotherapy signifi-
cantly affected survival. Although based on small numbers, the
risk of second neoplasms was significantly increased in this cohort.
Multiple basal cell carcinomas developed in the areas of radiation
therapy in two patients; these patients also had nevoid basal cell
carcinoma syndrome (NBCCS) diagnosed. One other patient died
of glioblastoma multiforme 8 years after treatment of medulloblas-
toma. A meningioma developed in another patient 10 years after
radiation therapy.
Conclusion: As survival of medulloblastoma patients improves,
increased surveillance regarding secondary malignancies is re-
quired, especially because radiation-induced tumors may occur
many years after treatment. These two cases of NBCCS also il-
lustrate the importance of considering the concomitant diagnosis
of NBCCS in young patients with medulloblastoma. In those pa-
tients, alternative therapy should be considered to minimize radia-
tion therapy-related sequelae.
Key Words: Medulloblastoma—Prognostic factors—Nevoid
basal cell carcinoma syndrome—Secondary malignancies.

Medulloblastoma is the most common posterior fossa
tumor and accounts for approximately 20% of all

childhood brain tumors (1). The mean age at diagnosis is 6.3
years, and more males than females are affected (1,2). Ap-
proximately 60% to 80% of children with medulloblastoma
live more than 5 years from diagnosis (3–7).

Several factors are known to influence overall survival
(OS) and progression-free survival (PFS) in patients with

medulloblastoma (8–11). For example, children with less
than complete resections or with presence of metastatic dis-
ease at diagnosis have lower survival rates when compared
with children with complete resections without metastatic
disease (11). Current treatment of medulloblastoma is based
on initial surgical resection followed-up by radiation
therapy with or without chemotherapy with agents such as
cisplatin, vincristine, lomustine, or cyclophosphamide
(4–6).

Survivors of childhood medulloblastoma experience
long-term sequelae, most commonly caused by radiation
therapy. Learning disabilities and poor growth are frequent
side effects and radiation-induced cancers may occur many
years after treatment (12–14). We retrospectively studied 88
cases of medulloblastoma in an attempt to define factors
affecting survival and to investigate the occurrence of late
relapses and secondary malignancies in this cohort of pa-
tients.

PATIENTS AND METHODS

The records of all patients with childhood medulloblas-
toma diagnosed at Children’s National Medical Center in
Washington, DC from 1969 until 1997 were reviewed (n �
88). These factors were examined for prognostic signifi-
cance: age at diagnosis, sex, race, extent of surgical resec-
tion, M stage at diagnosis, risk, ventriculoperitoneal shunt
placement within 30 days from diagnosis, adequacy of ra-
diation therapy dose, and addition of chemotherapy as treat-
ment modality.

The extent of surgical resection was based on the sur-
geon’s operative impression for disease diagnosed before
1990 and on postoperative magnetic resonance imaging for
disease diagnosed later. The extent of resection was classi-
fied as gross total, incomplete, and biopsy only. The M
stage was classified according to Chang system (15). My-
elograms, magnetic resonance imaging of the spine, and
cerebrospinal fluid cytology were used to define the M
stage.

Patients were defined as at poor risk if they were younger
than age 3 years at diagnosis, had undergone other than
gross total resections, or had evidence of metastatic disease
at diagnosis (M1–4). Patients who did not meet the previ-
ously defined criteria were considered to be at average risk.

Risks of second neoplasms were evaluated using popu-
lation-based data from the United States and Norway
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(16–19). Data from the Surveillance, Epidemiology, and
End Results (SEER) program of the United States National
Cancer Institute was used to calculate risks of second ma-
lignant neoplasms. The SEER program collects histologic
data on cancers diagnosed in the SEER population-based
registries, which cover approximately 10% of the United
States population. To estimate the risk of second cancers,
we calculated numbers of person-years of observation ac-
cording to gender, age, calendar year, and the interval from
the date of medulloblastoma diagnosis to the date of diag-
nosis of second cancer, date of death, or date of last follow-
up, whichever occurred first. The SEER incidence rates spe-
cific for gender, age, race, and 5-year calendar year intervals
were multiplied by the total number of person-years to es-
timate the number of cancer cases expected. Because SEER
does not include nonmelanoma skin cancers or nonmalig-
nant meningiomas, we also used age-specific incidence
rates from Norway (18,19). Because we did not have de-
tailed incidence rates (i.e., rates by gender, age, race, and
calendar-year intervals) available, we chose overall age-
specific incidence rates to produce conservative estimates of
the expected numbers of tumors. For meningiomas, the in-
cidence rates per 100,000 were 1.5 for males and 2.8 for
females (18). Comparison with data from Connecticut
showed similar incidence rates (17). For basal cell carcino-
mas, we used age-specific incidence rates for individuals
aged 0 to 29 years; the incidence rates per 100,000 were 0.7
for males and 1.2 for females (19). The incidence rates were
multiplied by the number of person-years to estimate the
number of these tumors expected. We summed the expected
numbers of tumors from each evaluation to obtain an overall
expected value. Statistical tests and 95% confidence inter-
vals (CI) were calculated based on the assumption that the
numbers of second cancers observed adhered to a Poisson
distribution as implemented in the Epitome computer pro-
gram (National Cancer Institute, Bethesda, MD, U.S.A.)
(20).

Descriptive statistics were calculated using SAS (Ver-
sion 6.12 for Windows; SAS Institute, Cary, NC, U.S.A.).
Two measures of survival were estimated. Overall survival
was calculated from date of diagnosis to date of death or last
follow-up. Progression-free survival was calculated from
date of diagnosis to date of failure or last follow-up. Failure
was defined as relapse or progressive disease. Two patients
were lost to follow-up and did not contribute to OS. Kaplan-
Meier estimates were used for OS and PFS throughout this
study. This method is most suitable for smaller data sets
with precisely measured event times. To test for differences
in survivor functions, the PROC LIFETEST program of
SAS (Cary, NC, U.S.A.) was used. Two alternative statistics
were calculated to test the null hypothesis: the log-rank test
(also known as the Mantel-Haenszel test) and the Wilcoxon
test. The Wilcoxon statistic differs from the log-rank statis-
tic only by correcting for the total number of subjects at risk
at each time point. The Wilcoxon test is more sensitive to
differences between survivor functions at earlier points in

time, whereas the log-rank is more sensitive to differences
between groups at later points in time (21). Because of the
small number of patients available for this study, the power
to detect differences at later time points was limited. There-
fore, the Wilcoxon test was chosen instead of the more
commonly used log-rank test. Significant prognostic factors
based on the univariate survival analysis were also evalu-
ated using stratified analysis to control for possible con-
founding effects that may influence the results. In addition,
multivariate analysis was performed on these three risk fac-
tors: extent of surgical resection, M stage, and age at diag-
nosis (younger than 3 years vs. older patients). These three
factors were each tested individually while adjusting for the
other two factors.

RESULTS
At the time of the analysis, 49 (55%) patients were alive

and free of disease. Three patients died of causes unrelated
to medulloblastoma, one of them because of secondary ma-
lignancy. Thirty-six patients (41%) died because of either
disease recurrence (relapse) or progression.

The median age at diagnosis was 69 months (range 3–
273 months). Twenty-three patients (26%) were younger
than age 3 years at diagnosis. There were 54 males (61%)
and 60 patients (68%) were white (Table 1).

Most children (69%) presented with signs of increased
intracranial pressure. The mean duration of these symptoms
was 1.6 months. Other symptoms at presentation included
truncal ataxia, sixth nerve palsies, and increasing head cir-
cumference.

Gross total resection was achieved in 56 (63%) patients.
Fifty-five (62%) patients had no evidence of metastatic dis-
ease at diagnosis. When using risk, as previously defined in

TABLE 1. Demographic data and prognostic factors

Factor Cases

Age (y)
3 or younger 23
Older than 3 65

Sex
Male 54
Female 34

Race
White 60
Black 20
Other 8

M stage
M0 55
M1–4 23
Unknown 10

Extent of resection
Gross total 56
Incomplete 28
Biopsy 3
None 1

Treatment modality
Radiation only 44
Chemotherapy only 4
Radiation and chemotherapy 38
No treatment 2

432 Journal of Pediatric Hematology/Oncology, Vol. 23, No. 7, October 2001



the methods, the majority of the patients (61%) were clas-
sified as at poor risk. Twenty-nine (33%) patients required
ventriculoperitoneal shunts placed within 30 days of diag-
nosis.

Thirty-eight (43%) patients were treated with surgery
and radiation alone and 44 patients (50%) received adjuvant
chemotherapy (Table 1). The median whole-brain radiation
therapy dose was 36 Gy (range 23–45 Gy), the median dose
to the spine was 32 Gy (range 19–46 Gy), and the median
dose to the posterior fossa was 54 Gy (range 40–56 Gy).

Twenty-two (58%) patients receiving adjuvant chemo-
therapy were treated with the vincristine, lomustine, cisplat-
in regimen (6), whereas the others received different types
of chemotherapy based on their participation in Children’s
Cancer Group protocols. Two patients died before receiving
any therapy. Of four patients treated with chemotherapy but
not radiation therapy, two are alive and free of disease to
date. Both were females, with disease diagnosed at the ages
of 2 and 14 months; they both had gross total resections and
no evidence of metastatic disease at presentation. The che-
motherapeutic regimens used were vincristine, cisplatin,
carboplatin, Cytoxan, and etoposide for one patient, and
vincristine, carmustine, cisplatin, Cytoxan, and methotrex-
ate for the other patient.

The median follow-up time was 92 months (range 6–257
months). The median OS was 109 months (range 0–257
months) and the median PFS was 37 months (range 0–257
months). The median time from date of diagnosis to date of
failure (relapse or progressive disease) was 13 months
(range 0–180 months) and the median time from date of
relapse to date of death was 6.4 months (range 0–52
months). Figure 1 shows detailed follow-up for all patients.

All of the relapses (n � 26) occurred within the time
period described by Collins, i.e., age at diagnosis plus 9
months, except the longest relapse, which occurred 15 years
after diagnosis (22,23). Twenty-two (84%) of the relapses
occurred before 1990. Most relapses occurred in patients
who were treated with surgery and radiation only (77%) and
in the group of patients defined as at poor risk (80%). Seven
of eight local relapses occurred in patients without presence
of metastatic disease at diagnosis (M0). The two patients in
whom extraneural relapses developed had unknown M
stages and had not received any chemotherapy before their
relapses. That is, they were initially treated with surgery and
radiation therapy. Table 2 indicates the different relapse
sites by M stage and treatment.

Secondary malignancies developed in a total of four pa-
tients (two patients with multiple basal cell carcinomas
[BCCs], one with glioblastoma, one with meningioma). Me-
dulloblastoma was diagnosed in three of these four patients
before age 3 years. All four patients received radiation
therapy; only one patient also received chemotherapy.

Multiple BCCs developed in two patients in the areas of
radiation therapy. These patients also had nevoid basal cell
carcinoma syndrome (NBCCS), an autosomal dominant
multisystem disorder with variable expression (24). Both

patients presented with medulloblastoma at age 2 years; one
had gross total resection and received radiation therapy (23
Gy craniospinal and 45 Gy in the posterior fossa). The
second patient had an incomplete resection and was treated
with radiation therapy (35 Gy craniospinal and 53 Gy in the
posterior fossa) and chemotherapy. Biopsy confirmed BCCs
were diagnosed 3 and 6 years subsequent to medulloblas-
toma diagnosis, respectively. The exact date of BCC devel-
opment was, however, unknown because the patients may
have had BCCs before seeking medical attention and sub-
sequent biopsy. For both patients, BCCs occurred in both
the craniospinal and posterior fossa fields. Both patients
exhibited other manifestations of NBCCS, including the
presence of palmar and plantar pits, calcification of the falx
cerebri, and jaw cysts. One NBCCS patient also had bifid
ribs.

A glioblastoma multiforme developed in another patient
8 years after treatment of medulloblastoma. His disease was
initially diagnosed when he was age 5 and he received 39
Gy whole-brain radiation, 30 Gy spinal radiation, and 55 Gy
in the posterior fossa. Meningioma developed in one other

FIG. 1. Detailed follow-up for all 88 patients. Dates of diagnosis,
relapse, death, and last follow-up are presented. Forty-nine patients
were alive and free of disease at the time of analysis. Patients for
whom exact date of death was unknown or unavailable are pre-
sented with date of diagnosis or date of relapse as last date shown
on graph.
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patient at age 12, 10 years subsequent to his treatment of
medulloblastoma. His medulloblastoma was diagnosed
when he was age 2 and he received 23 Gy craniospinal
radiation and 45 Gy in the posterior fossa.

The risk of second cancers was significantly increased in
this cohort of patients. There was a 20-fold excess of second
neoplasms (95% CI: 2–73) based on two observed and 0.1
expected cancers. Inclusion of the two cases of BCCs in the
two NBCCS patients increased the risk to 39 (95% CI:
10–99).

SURVIVAL ANALYSIS

Overall, the OS rate was 59% at 5 years and 52% at 10
years. Progression-free survival rate was 56% at 5 and 10
years. Sex, race, duration of symptoms before diagnosis and
preirradiation chemotherapy were not significant prognostic
factors for OS and PFS by univariate analysis. There were,
however, significant differences in OS and PFS for patients
with disease diagnosed before the magnetic resonance im-
aging compared with OS and PFS during the magnetic reso-
nance imaging era (designated as starting in 1990). Before
1990, OS was 50% and PFS was 48% at 5 years. In contrast,
for patients with disease diagnosed in 1990 or later, OS was
83% and PFS was 80% at 5 years.

The extent of surgical resection was a strong prognostic
factor, with patients who underwent gross total resection
faring better than patients who had incomplete resection or
biopsy only. Patients without metastatic disease at diagnosis
(M0) also fared significantly better than patients with M1–4
stages (Table 3).

There was a marginally significant difference (P � 0.09)
in the OS for children with disease diagnosed when they
were younger than age 3 years. This difference was signifi-
cant for PFS (P � 0.005). The 5- and 10-year PFS for
patients with disease diagnosed when they were younger
than age 3 years were 45%, compared with 61% and 59%,
respectively, for patients whose disease was diagnosed
when they were older than age 3 years.

Ventriculoperitoneal shunt placement within 30 days
from the date of diagnosis also had a negative impact on
survival. The 5- and 10-year OS rates for this group of
patients were 41% and 34%, compared with 67% and 60%
for patients who either did not have shunts or had shunts
placed more than 30 days from the date of diagnosis.

When patients were placed into groups based on risk
status, the patients at average risk fared better than the pa-
tients at poor risk did (Table 3). The 5- and 10-year OS rates

for the patients at average risk were 75% and 57%, and for
the patients at poor risk, rates were 49% and 46%. The 5-
and 10-year PFS rates were 77% and 51% for the patients at
average risk and 43% for the patients at poor risk.

A statistically significant difference was also observed
for radiation therapy to the posterior fossa. Patients who
received more than 54 Gy had better survival rates than
patients who received �54 Gy.

Patients who received adjuvant chemotherapy had better
outcomes compared with children treated with radiation
alone, and one regimen (vincristine, lomustine, cisplatin) (n
� 22) gave better survival than all the other chemotherapy
regimens (n � 20) combined (P < 0.05). However, further
analysis of the data indicated that all the patients treated
with this regimen had disease diagnosed after 1990, and the
vincristine-lomustine-cisplatin treatment group included
many more patients at average risk (68% vs.19%).

To further examine the significant prognostic factors,
additional survival analysis stratified on risk status was con-
ducted. No statistically significant differences were ob-
served for timing of ventriculoperitoneal shunt placement,
radiation therapy dose to the posterior fossa, and addition of
chemotherapy. For several of these comparisons, the num-
bers of events were too small to be meaningful.

On multivariate analysis, a statistically significant differ-
ence was observed when the extent of resection was ad-
justed for metastatic disease and for age at diagnosis (P �
0.01 for PFS). A similar observation was seen when M stage

TABLE 3. Results of univariate analysis

Prognostic factors OS PFS

Age (3 y or younger, older than 3 y) 0.09 0.005*
Sex (male, female) 0.71 0.39
Race (white, black) 0.57 0.38
Extent of resection (gross total, other) 0.0006* 0.0001*
M stage (M0, M1–4) 0.0036* 0.0002*
Risk (poor, average) 0.016* 0.0005*
Radiation dose to the brain (�36 GY, >36 GY) 0.56 0.91
Radiation dose to the spine (�32 GY, >32 GY) 0.64 0.85
Radiation dose to the posterior fossa (≤54 GY,

>54 GY) 0.015* 0.0002*
Radiation vs. radiation and adjuvant

chemotherapy 0.06 0.03*
VCR, CCNU, cisplatin vs. other chemotherapy

regimens 0.027* 0.002*
VP shunt placement (<30 d, �30 d) 0.012* 0.002*
Preirradiation chemotherapy 0.92 0.41

*Indicates statistical significance. If comparison showed statisti-
cally significant difference, group with poorer survival is indicated
with bold type.

Median values used to dichotomize radiation doses.

TABLE 2. Sites of relapses by M stage and treatment

Site of relapse
Number of

patients

M stage Treatment

M0 M1–4 M unknown XRT XRT + Chemotherapy

Local (tumor bed) 8 7 0 1 4 4
Local and distant 6 1 4 1 5 1
Distant 12 4 1 7 11 1
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was adjusted for the extent of resection and the age at di-
agnosis (P � 0.02 for PFS). Thus, in this study, the extent
of surgical resection and M stage at diagnosis appear to be
independent prognostic factors for PFS.

DISCUSSION

Retrospective single institution studies have their limita-
tions, which include small numbers of patients, different
types of treatment used during different time periods, and
variation in neurosurgical and radiation therapy techniques.
Most of the patients treated at our institution were at poor
risk, which could be attributed to the fact that it serves as a
tertiary treatment center. The relatively small number and
high proportion of patients at poor risk limited the assess-
ment of several variables of interest. For example, several
factors, such as tumor volume and age, have been associated
with the need for a postoperative shunt in children with
medulloblastoma (7,25). Because of our limited number of
patients, we were unable to show that ventriculoperitoneal
shunt placement within 30 days from diagnosis was an in-
dependent prognostic factor for survival on multivariate
analysis.

Our data confirmed the extent of tumor resection and M
stage as significant prognostic factors of survival (3,4,7,8,
11). However, the observed statistically significant differ-
ences in survival in the groups treated with different doses
of radiation therapy and with adjuvant chemotherapy could
be attributed to unequal distribution between the groups of
patients at poor risk. For the same reason, we were unable
to conclude that the regimen consisting of vincristine, lo-
mustine, and cisplatin offered a significant survival advan-
tage when compared with the other chemotherapy regimens.

Collins law states that the period of risk for recurrence of
a tumor is the age at diagnosis plus 9 months. One patient
with disease diagnosed at age 13 years had a recurrence 15
years after diagnosis. Other exceptions to this law have been
previously reported (26,27), making it difficult to define the
time period after which medulloblastoma is considered
“cured.” Twenty-six patients had recurrent medulloblas-
toma. Only one of these patients is alive and free of disease
to date; this patient had an isolated spinal relapse and was
treated with local irradiation and chemotherapy. This obser-
vation supports previous reports that found poor survival
rates of children with medulloblastoma that relapses (28–
31).

Secondary malignancies are a significant risk for long-
term survivors of childhood medulloblastoma and include
high-grade gliomas, cancers of the thyroid gland, cervix
uteri, and salivary glands, and acute leukemias (14,32–33).
Glioblastoma multiforme developed 8 years after radiation
therapy in one of our patients. Review of the literature re-
vealed two more cases of children in whom glioblastoma
multiforme developed after treatment of medulloblastoma 6
and 13 years after radiation therapy (34,35). All three pa-
tients died of the secondary malignancy. There are at least

14 reported cases of radiation-induced meningiomas after
treatment of medulloblastoma, with an average latency pe-
riod of approximately 15 years (36,37). The earlier detec-
tion in our case (10 years) could have occurred because of
increased surveillance (i.e., annual head magnetic resonance
imaging as part of the routine follow-up), or it may reflect
the different range in the latency period of the development
of meningiomas.

Our study comprehensively evaluated medulloblastoma
patients during long-term follow-up for the presence of sec-
ondary malignancies. Based on development of second ma-
lignancies in four of 88 patients, the relative risk of second
cancers in this study was 39 (95% CI: 10–99); if the two
cases of NBCCS were omitted, the relative risk was 20
(95% CI: 2–73). In a large, population-based, registry study
from the United States and Sweden (14), the relative risk of
second malignancies after medulloblastoma was 5.4 (95%
CI: 3.3–8.4). In this registry study, the relative risk re-
mained unchanged even 10 years after diagnosis, suggesting
that long-term survivors should continue to be vigilant. The
relative risk may be even higher for children with disease
diagnosed at a young age. In a study of second malignancies
after childhood intracranial tumors, Duffner et al. (38) noted
a risk of 18.9% for second malignancy (8 years after diag-
nosis) if diagnosis occurred before age 24 months, com-
pared with 4.8% for diagnoses that occurred between the
ages of 24 and 36 months. Although our data are too sparse
to allow this comparison, it may be relevant that the patient
in our study in whom meningioma developed had medul-
loblastoma diagnosed at age 2. Whereas radiotherapy must
be considered as a potential risk factor contributing to this
high rate of second malignancies after childhood medullo-
blastoma, some authors also have implicated alkylating
agent chemotherapy and etoposide (38). Accumulated ex-
perience of long-term survival after medulloblastoma is not
yet sufficient to allow full evaluation of treatment effects.

The incidence of NBCCS in patients with medulloblas-
toma is estimated to be between 1% and 2% overall and
between 4% and 5% in patients younger than age 5 years
(39). Numerous BCCs often develop in the irradiated areas
in patients with NBCCS with medulloblastoma, usually 6
months to 3 years after radiotherapy, which is substantially
earlier than in patients without NBCCS (40). Reports have
shown that these patients may also be at risk for other types
of secondary malignancies (41).

Significant morbidity was observed in our two patients in
whom NBCCS was diagnosed. They were both black, and
one might expect some degree of protection from the de-
velopment of BCCs in these patients because of increased
skin pigmentation (42). However, many BCCs developed
(and continue to develop) in the radiation field and they
have required multiple surgeries for excision of these tu-
mors.

One should consider the concomitant diagnosis of NB-
CCS in all medulloblastoma patients younger than age 3
years because the mean age at diagnosis of medulloblas-
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toma in NBCCS is younger than in the general population,
2 years versus 6 years, respectively (39). Assessment of
family history of other relatives and physical examination of
the parents may help to establish the diagnosis. Because
these patients are known to have many BCCs develop in the
irradiated areas and will more likely present with medullo-
blastoma diagnosed at a young age (younger than 3 years),
chemotherapy alone or alternatively focal radiation with
chemotherapy should be considered to minimize treatment-
related toxicity.

Given the intensive treatment regimen for medulloblas-
toma and the improved survival, screening/surveillance to
minimize treatment-related side effects, including the de-
velopment of second malignancies, needs to be evaluated.
Surveillance should include adequate follow-up, careful
physician examinations including magnetic resonance im-
aging scans, and patient education regarding early recogni-
tion of secondary malignancies, especially skin cancer. Ad-
ditional studies are needed to assess the expected benefits
relative to expended resources of increased surveillance.
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