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Five patients died: two of disease progression and three after 
possible treatment complications (seizure, lobar pneumonia, 
and multifactorial sepsis). At last follow-up, 23 patients were 
alive with no evidence of disease. Long-term effects include 
executive dysfunction (n = 17), weakness/ataxia (n = 16), 
and depression/anxiety (n = 13). Kaplan–Meier estimates 
of 10-year overall survival and failure-free survival are 
83% (95% confidence interval [CI] 59–93%) and 79% (CI 
55–91%), respectively. Despite encouraging disease control 
in this cohort, long-term sequelae may limit quality of life. 
Multimodality pediatric regimens using lower RT doses may 
be considered to reduce treatment-related morbidity.

Keywords  Medulloblastoma · Adult · Survival · 
Radiation · Chemotherapy

Introduction

Medulloblastoma, the second most common malignant 
pediatric brain tumor, is rare in adults with an estimated 
incidence of 0.5 per million per year [1, 2]. Medulloblas-
toma in the adult population has several distinct character-
istics compared to its pediatric counterpart: adult tumors are 
more likely to arise laterally, have poorly defined margins, 
display desmoplastic histology, and express glial fibrillary 
acidic protein (GFAP), though the prognostic value of these 
attributes is unclear [3]. Four molecular subgroups exist 
in medulloblastoma: Wingless (WNT), Sonic Hedgehog 
(SHH), Group 3, and Group 4. Compared to children, adults 
comprise a greater proportion of SHH (60 vs. 30%) and rela-
tively fewer Group 3 (0–5 vs. 25%) subgroup patients [4–8].

Due to the rarity of adult MB, treatment regimens have 
largely been extrapolated from pediatric protocols [7]. 
Many series are small retrospective reviews conducted over 
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decades during which technology rapidly developed and 
patients received heterogeneous management, making out-
comes difficult to interpret [9–18]. Additionally, only two 
adult prospective trials have been conducted and neither 
used concurrent nor adjuvant chemotherapy in standard-risk 
patients, limiting generalizability [5, 19, 20].

Few modern series have reported long-term follow-up 
and treatment sequelae. Therefore, we report our experience 
since 1990 with primary adult MB treated with radiotherapy. 
We describe patient presentation, disease control, and treat-
ment sequelae in the era of magnetic resonance imaging 
(MRI).

Methods and materials

Patient population

After approval by our Institutional Review Board, we identi-
fied consecutive patients meeting the following criteria: (1) 
age ≥ 18 years at initial diagnosis, (2) histopathologic diag-
nosis of MB reviewed at our institution, (3) non-recurrent 
status at presentation, and (4) receipt of RT at our institution 
since 1990. Twenty-nine patients were identified. Standard-
risk disease was defined as no metastasis found on craniospi-
nal MRI or CSF sampling, < 1.5 cm2 post-operative residual 
tumor, and no disease recurrence on pre-RT imaging. High-
risk disease was defined as any metastasis, T3b/T4 disease, 
> 1.5 cm2 post-operative residual tumor, or recurrence on 
pre-RT imaging.

Statistical analysis

Statistical analysis was performed with Microsoft Excel 
2016 (Microsoft, Redmond, WA) and Stata Version 13.0 
(StataCorp, College Station, TX, USA). Failure-free sur-
vival (FFS) was calculated from MB diagnosis to first 
relapse after completing initial therapy. The Kaplan–Meier 
method was used to assess FFS and overall survival (OS). 
Survival curves among different patient subgroups (standard 
vs. high risk, desmoplastic vs. other histologies, surgery-RT 
interval ≤ 30 vs. >30 days, CSI dose of 23.4 vs. 36+ Gy, 
boost dose ≥ 55.8 vs. <55.8 Gy, concurrent chemotherapy 
vs. none, adjuvant chemotherapy vs. none) were compared 
using the log-rank test with significance defined as p < 0.05.

Results

Presentation

Median age at presentation was 28 (range 18–72) (Table 1). 
Eighteen patients were men. Median symptom duration 

before presentation was 4.3 months (range 0.1–36 months); 
common symptoms were headache (n = 23), nausea/vomit-
ing (n = 18), ataxia (n = 14), and dizziness/vertigo (n = 12). 
Tumor was midline in 15 patients and lateral in 14 patients. 
Twenty patients had hydrocephalus.

Surgery, staging, and risk stratification

Nineteen patients underwent gross total resection, seven 
subtotal resection, and three biopsy (Table 1). Ten patients 
required cerebrospinal fluid (CSF) diversion: five extra ven-
tricular drain and five ventriculoperitoneal shunt. On his-
topathological examination, 23 patients had classic MB, 5 
had desmoplastic MB, and 1 had anaplastic MB. Staging 
was performed according to Modified Chang system, with 
M1 disease representing microscopic tumor cells found in 
the CSF and M2 disease representing gross nodular seeding 
demonstrated in the cerebellar/cerebral subarachnoid space 
or in the third or lateral ventricles [21].

All patients underwent risk factor stratification assess-
ment incorporating age, presence of metastases, extent of 
resection, and histologic subtype. Seventeen patients were 
standard risk and twelve high risk. Of high risk patients, 
3 had M1 disease (positive LP), 2 had M2 disease (dorsal 
medulla, infundibulum), 2 had > 1.5 cm2 residual disease, 
2 had > 1.5 cm2 residual disease and M2 disease (unilat-
eral cranial nerve VIII, cerebral aqueduct), 1 had T4 dis-
ease (extension past foramen magnum), 1 had T3b disease 
with > 1.5 cm2 residual, and 1 progressed intracranially with 
infundibular spread before delayed presentation for RT 2 
months after surgery.

Of the entire cohort, 5 recent patients had molecu-
lar subtyping performed primarily using next generation 
sequencing with the MSK-IMPACT platform [22], in-situ 
hybridization, and immunohistochemistry. Of these, 1 WNT 
subgroup, 2 SHH (1 TP53 wild-type, 1 TP53 mutant) and 2 
non-WNT/non-SHH patients were identified (Table 1).

Radiotherapy

Median pre-RT Karnofsky Performance Score (KPS) was 
80 (range 40–90). All 29 patients started CSI in 1.8 Gy/
day fractions at a median 39 days (range 25–137) after sur-
gery. Twenty-three patients (79%) began RT > 30 days after 
surgery and five of these (17%) began RT > 60 days after 
surgery. Two patients (7%) began RT > 90 days after sur-
gery: one due to protracted postoperative morbidity requir-
ing intensive care and one due to delayed presentation to 
our institution after biopsy and two cycles of etoposide/
cisplatin with no response. Twenty-six patients received 
photon CSI while three received proton CSI. Median CSI 
dose was 36 Gy (range 23.4–39.6 Gy), with seven stand-
ard-risk patients receiving 23.4 Gy. Median boost dose was 
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55.8 Gy (range 54–59.4 Gy); boost location was posterior 
fossa in 18 patients, tumor bed in seven patients, and tumor 
bed + residual/metastasis in four patients. Boost prescrip-
tion was delivered via opposed lateral fields in four patients, 
3D-CRT in six patients, IMRT in 16 patients, and protons in 
three patients. All patients completed the full course of RT 
over a median of 43 days (range 36–50 days). Commonly 
reported acute toxicities during RT  ±  concurrent chemo-
therapy included dermatitis and alopecia (n = 29), fatigue 
(n = 29), nausea/vomiting (n = 23), anemia (n = 18), leuko-
penia (n = 17), thrombocytopenia (n = 16), and dysphagia 
(n = 14). During CSI, RBC transfusion was required in four 
patients and platelet transfusion was required in two patients. 
One patient developed neutropenic fever requiring admission 
during CSI treatment.

Chemotherapy

One patient received neoadjuvant (pre-RT) chemotherapy 
with two cycles of etoposide/cisplatin with no response 
before presenting to our institution. A total of 20 patients, 
including 10 of 12 high-risk patients, received chemotherapy 
concurrent with RT: four received vincristine alone and six 
received vincristine and carboplatin. Median number of 
vincristine cycles was six (range 4–8). Nine patients were 
unable to complete planned concurrent chemotherapy due 
to peripheral neuropathy.

Twenty-four patients, including all high-risk patients, 
received combination adjuvant (post-RT) chemotherapy 
with a median of seven cycles (range 4–8). The most com-
monly used agents were cisplatin/carboplatin (n = 23), vin-
cristine (n = 15), and lomustine (n = 12). Of these, 12/23 on 
a platinum-based regimen, 5/15 on vincristine, and 7/12 on 
lomustine completed the full planned course of treatment 
without dose reduction. Commonly reported acute toxici-
ties during adjuvant chemotherapy included nausea/vomit-
ing (n = 24), constipation (n = 24), fatigue (n = 24), anemia 
(n = 22), thrombocytopenia (n = 20), leukopenia (n = 19), 
neuropathy (n = 17), and ototoxicity (n = 14). During adju-
vant chemotherapy, RBC transfusion was required in ten 
patients and platelet transfusion was required in 11 patients. 
Six patients developed neutropenic fever requiring admis-
sion during adjuvant chemotherapy.

Outcomes

At a median follow-up of 9.0 years (range 1.1–20.5 years), 
five patients recurred: four in the posterior fossa (all stand-
ard-risk, GTR, received CSI to 36 Gy) and one in both the 
posterior fossa and above the tentorium (high-risk, biopsy 
only, received CSI to 36 Gy). Of those with recurrence, 
four received salvage chemotherapy, one with stem cell res-
cue, two had surgery, and one had tumor bed re-RT. One 

recently relapsed patient had posterior fossa re-resection and 
is planned to receive proton re-RT to the resection cavity 
to a dose of 30 Gy (relative biological effectiveness; RBE) 
followed by metronomic chemotherapy. Median time to first 
recurrence was 1.7 years (range 1.0–7.1 years).

Of five patients who died, two died of disease progression 
and three died of possible treatment-related complications 
with no evidence of disease (seizure, lobar pneumonia sec-
ondary to brainstem dysfunction and leukopenia, multifac-
torial treatment-related sepsis). The patient with seizures 
first had an epileptic episode 3.6 years after completing RT 
and was subsequently controlled on carbamazepine until 
his death 12 years later, when he experienced fatal head 
trauma during a seizure. The patient who died of lobar 
pneumonia developed persistent leukopenia during adju-
vant chemotherapy and was found to have biopsy-confirmed 
posterior fossa necrosis 1.7 years after completing RT. She 
then developed brainstem lesions on MRI 3 months later 
and developed dysarthria and hypophonia and died shortly 
thereafter; an autopsy confirmed pneumonia as the cause of 
death, presumably due to aspiration secondary to brainstem 
dysfunction and chronic leukopenia. The patient with mul-
tifactorial sepsis developed bilateral arm paresthesias and 
weakness 13 months after completing CSI to 23.4 Gy with 
a 54 Gy posterior fossa boost. Craniospinal MRI showed 
findings questionable for recurrent tumor versus cervical 
myelopathy with poorly delineated intramedullary T2 hyper-
intensity suggesting cord edema. The patient was started 
on IV dexamethasone and high-dose cyclophosphamide, 
but suffered a protracted course complicated by multifocal 
osteomyelitis with bacterial and fungal sepsis secondary to 
prolonged pancytopenia and an infected chemotherapy port. 
Serial scans over the next 6 months later showed stability 
of the cervicomedullary lesion. The chemotherapy port was 
removed and a central line was placed, but the patient’s sep-
sis recurred and ultimately led to death. Biopsy was unable 
to be performed and autopsy was declined.

At last follow-up, 23 patients were alive with no evidence 
of disease and 1 was alive with disease and undergoing treat-
ment. Kaplan–Meier estimates of 10-year OS and (FFS) are 
83% (95% confidence interval [CI] 59–93%) and 79% (CI 
55–91%), respectively (Fig. 1). Outcomes according to risk 
group and treatment received are illustrated in Fig. 2. On 
univariate log-rank analysis (Table 2), desmoplastic histol-
ogy (p = 0.02) and concurrent chemotherapy (p = 0.004) 
were associated with superior FFS but not with superior 
OS. Boost dose of ≥ 55.8 Gy trended towards superior OS 
(p = 0.06) but not superior FFS. Gender, age at diagnosis, 
gross total resection, location, histology, adjuvant chemo-
therapy, risk stratum, and CSI dose were not significantly 
associated with FFS or OS. Interval to start of RT > 30 days 
revealed a non-significant association with death; all five 
deaths, however, occurred in patients with interval > 30 days.
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Performance status, treatment sequelae, and quality 
of life

All patients experienced treatment-related morbidity. The 
most severe complications were hemiparesis (n = 2) and 
quadriparesis (n = 2) after surgery, posterior fossa/brainstem 
RT necrosis (n = 1), and multifactorial treatment-related 

sepsis (n = 1). Two patients were found on routine MRI 
to have multiple punctate supratentorial cavernomas: one 
2.4 years after 23.4 Gy CSI and the other 4.3 years after 
36 Gy CSI. Both patients remain asymptomatic from these 
lesions. One patient developed suspected vasculopathy man-
ifesting as cortical and basal ganglia stroke with unreveal-
ing cardiac and hematologic workup, 8.1 years after CSI to 
39.6 Gy. One patient developed papillary thyroid carcinoma 
18.4 years after CSI to 36 Gy; he subsequently had total thy-
roidectomy and iodine-131 ablation and had no evidence of 
disease at last follow up. Notably, this patient also developed 
MB recurrence at 4 years, renal cell carcinoma at 15 years, 
and prostate adenocarcinoma at 19 years after initial MB 
diagnosis.

Patients had audiologic testing at baseline, upon exhibit-
ing symptoms, and after the completion of chemotherapy 
as part of long-term follow-up and data were available for 
22 patients. Of these, 8 patients experienced grade 1 oto-
toxicity, 4 experienced grade 2, and 2 experienced grade 
3 [23]. Six patients developed hypothyroidism following 
therapy. Seventeen patients exhibited executive dysfunction 
as scored by formal neuropsychiatric testing and/or clinical 
evaluation incorporating neurological mental status exami-
nation ± Montreal Cognitive Assessment (MoCA). Sixteen 
patients had weakness/ataxia. Thirteen patients were diag-
nosed with depression/anxiety requiring pharmacologic/
behavioral therapy. Median KPS at last follow-up was 80 
(range 30–90).

Fig. 1   Kaplan–Meier overall survival and failure-free survival curves 
for all patients included in study. Median follow-up duration was 
9.0 years (range 1.1–20.5 years). OS overall survival, FFS failure-free 
survival

Fig. 2   Patient outcome tree by risk group (standard risk vs. high 
risk) and treatment received (CSI dose, chemotherapy regimen). A 
brief description of cause of death is included. CTX chemotherapy, 

CSI craniospinal irradiation, NED no evidence of disease, PF poste-
rior fossa, tx treatment
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Discussion

Survival

Prospective evidence for adult MB is available from only 
two trials. Moots et al. report on 11 patients treated with 
three neoadjuvant cycles of cisplatin, etoposide, and cyclo-
phosphamide followed by 36 Gy CSI with a 54 Gy posterior 
fossa boost without concurrent or adjuvant chemotherapy. 
However, outcomes were poor; only two patients had an 
objective response to pre-RT chemotherapy, two patients 
progressed on chemotherapy, and 5-year OS and PFS were 
27 and 55%, respectively [20]. Brandes et al. report on 10 
standard-risk patients receiving RT alone and 26 high-risk 
patients receiving two cycles of neoadjuvant chemotherapy, 
RT, and adjuvant chemotherapy. CSI to 36 Gy with a poste-
rior fossa boost to a maximum of 54.8 Gy was given to all 
patients. Five-year PFS and OS were 72 and 75%, respec-
tively [5, 19]. Our study has several key differences, includ-
ing several patients treated with CSI to 23.4 Gy, omission 
of neoadjuvant chemotherapy in all but one patient, and use 
of concurrent chemotherapy.

Adult MB patients in the present study had comparable 
OS and FFS as those from prior retrospective studies, which 
is unsurprising given similar baseline characteristics. Ten-
year OS in pediatric MB patients ranges from 65 to 81% but 
is lower for adult MB patients, ranging from 30 to 76% [2, 5, 
9–19, 24–28]. Several studies have found a higher incidence 
of late relapses in adults as compared to children [5, 26]. 
Though we only observed one relapse after 5 years, these 
data underscore the importance of long-term surveillance 
for adult MB.

Impact of histology and staging

The proportion of patients (5/29) with desmoplastic MB 
was lower than generally reported and these patients dem-
onstrated superior FFS, consistent with previous studies that 
have characterized desmoplastic histology as prognostically 

favorable [11]. Several series have found an association 
between risk group and outcome, but we did not find risk 
stratum to be prognostic, possibly due to insufficient sample 
[9, 12, 13, 15, 24, 25, 29]. One explanation is that patients in 
our study had complete staging and received risk-adjusted 
treatment which contributed to favorable outcomes. Brandes 
et al. found risk group to be prognostic at 5 years but not 
10 years, suggesting that its significance may decrease over 
time when patients are appropriately stratified and treated 
[5, 19]. We therefore reaffirm the importance of staging and 
stratification.

Role of radiotherapy and chemotherapy

Studies examining the dose–response relationship have 
reported superior survival with posterior fossa boost doses 
in excess of 50–54 Gy, and all our patients received at least 
54 Gy [12, 30, 31]. Furthermore, patients with ≥ 55.8 Gy 
boost demonstrated superior OS on univariate analysis. Pedi-
atric MB studies have shown that RT should begin ≤ 30 days 
after surgery [32, 33]. In the present study 79% of patients 
did not receive RT within 30 days, most often due to delayed 
referral, and these patients showed a trend towards poorer 
survival. While longer follow-up is needed, these results 
reinforce the importance of prompt initiation of RT after 
surgery as in pediatric MB. Past series have also reported 
RT duration to affect prognosis, with lengthened courses 
associated with poorer outcomes [34, 35]. However, the 
median duration of 44 days in the present study is below 
the 50-day threshold cited in the PNET-3 study. The role 
of conformal radiotherapy, such as proton CSI, is an active 
area of investigation in adult MB treatment with preliminary 
results suggesting lower rates of acute GI and hematologic 
toxicities. However, longer-term data including survival are 
lacking [36, 37].

While postoperative RT has a clear role in the treatment 
of adult MB, the role of chemotherapy is disputed. The larg-
est study examining 468 adult MB patients from the National 
Cancer Data Base found superior OS for patients receiving 

Table 2   Univariate log-rank 
analysis results for overall 
survival and failure-free 
survival among all patients

Bolded values are significant at the 5% level

Attribute (vs. comparison group) Overall survival p value Failure-free 
survival p 
value

High risk (vs. standard risk) 0.94 0.32
Desmoplastic histology (vs. other histologies) 0.82 0.02
Surgery-radiation interval > 30 days (vs. ≤30 days) 0.25 0.99
Craniospinal dose 36+ Gy (vs. 23.4 Gy) 0.16 0.22
Boost dose ≥ 55.8 Gy (vs. <55.8 Gy) 0.06 0.91
Concurrent chemotherapy (vs. none) 0.59 < 0.01
Adjuvant chemotherapy (vs. none) 0.14 0.23
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adjuvant radiation and chemotherapy [27]. Pediatric guide-
lines are commonly applied to adults because of the proven 
benefit of chemotherapy in pediatric trials. Among standard-
risk children, chemotherapy and reduced-dose CSI (23.4 Gy) 
appear to provide superior outcomes as compared to full-
dose CSI (36 Gy) without chemotherapy [32, 38]. In our 
study, 7 of 17 standard-risk patients received CSI to 23.4 Gy 
with concurrent and adjuvant chemotherapy. None of these 
patients relapsed, though one died of multifactorial treat-
ment-related sepsis and another of lobar pneumonia likely 
consequent to aspiration from RT-related brainstem necrosis. 
A larger series noted no difference in relapse rate in adults 
treated with 23.4 Gy CSI + posterior fossa boost and concur-
rent chemotherapy as compared to 36 Gy alone [13]. The 
study from Brandes et al. showed no difference across risk 
group in PFS and OS after 7.6 years of follow-up, suggest-
ing a role for chemotherapy in standard-risk patients [19].

Among high-risk patients, there is consensus that chemo-
therapy improves outcomes. Children with high-risk MB 
are generally treated with full-dose CSI + concurrent and 
adjuvant chemotherapy. In our study, all high-risk patients 
were treated with CSI to ≥ 36 Gy with adjuvant chemother-
apy, with 10 also receiving concurrent chemotherapy. One 
patient who did not receive concurrent chemotherapy died, 
though this patient had comorbidities preventing resection 
and required treatment breaks due to toxicity.

Toxicities

Two of the most commonly reported late complications fol-
lowing treatment for MB are ototoxicity and hypothyroid-
ism, for which we observed incidences of 48% (21% Grade 
2+) and 21%, respectively. These rates compare favorably 
with those reported elsewhere [39–41]. Another common 
late complication in our cohort was depression/anxiety; 45% 
of patients were diagnosed with new-onset depression/anxi-
ety requiring behavioral and/or pharmacologic intervention. 
The majority of patients in our study experienced execu-
tive dysfunction, with many unable to work or live inde-
pendently. The most severe complication was in a patient 
who developed cervical myelopathy vs. recurrent tumor 
13 months after RT. Though tissue confirmation was unable 
to be obtained, the patient had stability of a cervicomedul-
lary lesion over a period of months in the setting of steroids 
and high-dose chemotherapy. This patient had received CSI 
to 23.4 Gy with a 54 Gy posterior fossa boost, doses not 
typically associated with the development of myelopathy. 
While the patient’s records did not show issues with radia-
tion delivery, it is possible the technical complexities of 
matching whole brain and cervical spine fields contributed 
to this development, since extreme care must be taken to 
limit exposure of this sensitive area. Cavernoma, vasculopa-
thy, and second neoplasms are known late complications 

of RT, and were found in few patients in our sample. The 
development of papillary thyroid carcinoma in one patient 
18 years after MB diagnosis likely had multifactorial etiol-
ogy, given that this patient also developed several primary 
neoplasms at other sites.

Molecular subtyping

Molecular subtyping of medulloblastoma has advanced sig-
nificantly in recent years. The vast majority of adults fall 
into WNT, SHH, and group 4 subgroups, with an estimated 
adult MB distribution of 15, 60, and 25%, respectively, and 
5-year survival rates of 80, 75, and 45–75%, respectively [7, 
42]. With a good prognosis, WNT patients are an attractive 
target for therapy de-escalation to reduce long-term seque-
lae. Among SHH patients, TP53 mutation status is a poor 
prognostic marker. Group 4 patients have a propensity for 
distant metastatic recurrence [43]. Only five recent patients 
had molecular testing: 1 WNT, 2 SHH (1 TP53 wild-type, 
1 TP53 mutated) and 2 non-WNT/non-SHH. SHH-pathway 
inhibitors are currently being evaluated in phase I–III tri-
als, and may provide a therapeutic option to chemoradiation 
protocols currently used for these patients [7, 44]. Despite 
advances in subtyping, it remains difficult to assess prog-
nosis in adult MB since studies have reported heterogenous 
treatment, many without chemotherapy. As subtyping 
becomes routine, further studies may elucidate prognosis 
based on a combination of clinicopathologic and molecular 
characteristics. While subtyping information is not yet avail-
able for a majority of patients in the present study, a future 
analysis is planned.

Conclusions

Limitations of our study include the small sample size, ret-
rospective design, heterogeneous patient population and 
histopathologies represented, probable confounders within 
the analysis, and lack of molecular data for a majority of 
patients. However, the long-term data presented demonstrate 
favorable survival. Nonetheless, multi-institutional prospec-
tive trials may provide a clearer depiction of survival and 
prognostic factors. Taken together with recent series, our 
results suggest that chemotherapy may contribute to longer-
term disease control and should be considered in patients 
who can tolerate multimodal treatment. As long-term 
survival improves, late effects of treatment are becoming 
increasingly important; treatment morbidity and quality of 
life should be evaluated as endpoints in future trials.
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