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Prognostic value of medulloblastoma extent of resection after 
accounting for molecular subgroup: a retrospective integrated 
clinical and molecular analysis
Eric M Thompson*, Thomas Hielscher*, Eric Bouff et, Marc Remke, Betty Luu, Sridharan Gururangan, Roger E McLendon, Darell D Bigner, Eric S Lipp, 
Sebastien Perreault, Yoon-Jae Cho, Gerald Grant, Seung-Ki Kim, Ji Yeoun Lee, Amulya A Nageswara Rao, Caterina Giannini, Kay Ka Wai Li, Ho-Keung Ng, 
Yu Yao, Toshihiro Kumabe, Teiji Tominaga, Wieslawa A Grajkowska, Marta Perek-Polnik, David C Y Low, Wan Tew Seow, Kenneth T E Chang, Jaume Mora, 
Ian F Pollack, Ronald L Hamilton, Sarah Leary, Andrew S Moore, Wendy J Ingram, Andrew R Hallahan, Anne Jouvet, Michelle Fèvre-Montange, 
Alexandre Vasiljevic, Cecile Faure-Conter, Tomoko Shofuda, Naoki Kagawa, Naoya Hashimoto, Nada Jabado, Alexander G Weil, Tenzin Gayden, 
Takafumi Wataya, Tarek Shalaby, Michael Grotzer, Karel Zitterbart, Jaroslav Sterba, Leos Kren, Tibor Hortobágyi, Almos Klekner, Bognár László, 
Tímea Pócza, Peter Hauser, Ulrich Schüller, Shin Jung, Woo-Youl Jang, Pim J French, Johan M Kros, Marie-Lise C van Veelen, Luca Massimi, Jeff rey R Leonard, 
Joshua B Rubin, Rajeev Vibhakar, Lola B Chambless, Michael K Cooper, Reid C Thompson, Claudia C Faria, Alice Carvalho, Sofi a Nunes, José Pimentel, 
Xing Fan, Karin M Muraszko, Enrique López-Aguilar, David Lyden, Livia Garzia, David J H Shih, Noriyuki Kijima, Christian Schneider, Jennifer Adamski, 
Paul A Northcott, Marcel Kool, David T W Jones, Jennifer A Chan, Ana Nikolic, Maria Luisa Garre, Erwin G Van Meir, Satoru Osuka, Jeff rey J Olson, 
Arman Jahangiri, Brandyn A Castro, Nalin Gupta, William A Weiss, Iska Moxon-Emre, Donald J Mabbott, Alvaro Lassaletta, Cynthia E Hawkins, Uri Tabori, 
James Drake, Abhaya Kulkarni, Peter Dirks, James T Rutka, Andrey Korshunov, Stefan M Pfi ster, Roger J Packer, Vijay Ramaswamy†, Michael D Taylor†

Summary
Background Patients with incomplete surgical resection of medulloblastoma are controversially regarded as having a marker 
of high-risk disease, which leads to patients undergoing aggressive surgical resections, so-called second-look surgeries, and 
intensifi ed chemoradiotherapy. All previous studies assessing the clinical importance of extent of resection have not 
accounted for molecular subgroup. We analysed the prognostic value of extent of resection in a subgroup-specifi c manner.

Methods We retrospectively identifi ed patients who had a histological diagnosis of medulloblastoma and complete data 
about extent of resection and survival from centres participating in the Medulloblastoma Advanced Genomics 
International Consortium. We collected from resections done between April, 1997, and February, 2013, at 35 international 
institutions. We established medulloblastoma subgroup affi  liation by gene expression profi ling on frozen or 
formalin-fi xed paraffi  n-embedded tissues. We classifi ed extent of resection on the basis of postoperative imaging as 
gross total resection (no residual tumour), near-total resection (<1∙5 cm² tumour remaining), or sub-total resection 
(≥1∙5 cm² tumour remaining). We did multivariable analyses of overall survival and progression-free survival using the 
variables molecular subgroup (WNT, SHH, group 4, and group 3), age (<3 vs ≥3 years old), metastatic status 
(metastases vs no metastases), geographical location of therapy (North America/Australia vs rest of the world), receipt of 
chemotherapy (yes vs no) and receipt of craniospinal irradiation (<30 Gy or >30 Gy vs no craniospinal irradiation). 
The primary analysis outcome was the eff ect of extent of resection by molecular subgroup and the eff ects of other 
clinical variables on overall and progression-free survival.

Findings We included 787 patients with medulloblastoma (86 with WNT tumours, 242 with SHH tumours, 163 with 
group 3 tumours, and 296 with group 4 tumours) in our multivariable Cox models of progression-free and overall 
survival. We found that the prognostic benefi t of increased extent of resection for patients with medulloblastoma is 
attenuated after molecular subgroup affi  liation is taken into account. We identifi ed a progression-free survival benefi t for 
gross total resection over sub-total resection (hazard ratio [HR] 1∙45, 95% CI 1∙07–1∙96, p=0·16) but no overall survival 
benefi t (HR 1·23, 0·87–1·72, p=0·24). We saw no progression-free survival or overall survival benefi t for gross total 
resection compared with near-total resection (HR 1∙05, 0∙71–1∙53, p=0·8158 for progression-free survival and HR 1∙14, 
0∙75–1∙72, p=0·55 for overall survival). No signifi cant survival benefi t existed for greater extent of resection for patients 
with WNT, SHH, or group 3 tumours (HR 1∙03, 0∙67–1∙58, p=0∙89 for sub-total resection vs gross total resection). 
For patients with group 4 tumours, gross total resection conferred a benefi t to progression-free survival compared with 
sub-total resection (HR 1·97, 1·22–3·17, p=0·0056), especially for those with metastatic disease (HR 2∙22, 1·00–4·93, 
p=0∙050). However, gross total resection had no eff ect on overall survival compared with sub-total resection in patients 
with group 4 tumours (HR 1∙67, 0∙93–2∙99, p=0∙084).

Interpretation The prognostic benefi t of increased extent of resection for patients with medulloblastoma is attenuated 
after molecular subgroup affi  liation is taken into account. Although maximum safe surgical resection should remain 
the standard of care, surgical removal of small residual portions of medulloblastoma is not recommended when the 
likelihood of neurological morbidity is high because there is no defi nitive benefi t to gross total resection compared 
with near-total resection. 
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Introduction
Current clinical risk stratifi cation for patients with 
medulloblastoma separates children into average-risk 
and high-risk strata. High-risk disease is defi ned by the 
presence of metastases at diagnosis, age less than 3 years, 
and residual disease of at least 1·5 cm².1–5 In the scientifi c 
literature, the prognostic benefi t of gross total resection 
versus sub-total resection or biopsy (appendix pp 44–46) 
is controversial.1,2,6–14 Many patients with 1·5 cm² or more 
of residual disease either have to undergo so-called 
second-look surgery to achieve a gross total resection 
or are treated with high-risk protocols including higher 
doses of craniospinal irradiation and more intensive 
chemotherapy.2,15

Aggressive resection of medulloblastoma might be 
associated with increased surgical complications. 
Post-surgical neurological morbidity for children with 
medulloblastoma, irrespective of the extent of residual 
tumour, is 24% and can increase to as high as 44% after 
gross total resection.16,17 The incidence of posterior fossa 
syndrome (cerebellar mutism) might be increased after 
gross total resection compared with less complete 
resections.18 Most patients with postoperative cerebellar 
mutism syndrome have mild to severe persistent 
cognitive defi cits, speech defi cits, and ataxia.19,20 
Many medulloblastomas have an attachment to the fl oor 
of the fourth ventricle; removal of small medulloblastoma 

residua adherent to critical structures (ie, the brainstem) 
can greatly increase morbidity.21,22 Establishing the 
appropriate balance between extent of resection and 
respect for critical structures while achieving the best 
prognosis is an ongoing challenge in neurosurgery and 
neuro-oncology.

Medulloblastoma is no longer considered a single 
entity, but rather consists of four distinct molecular 
subgroups (WNT, SHH, group 3, and group 4) with 
distinct demographics, clinical features including 
prognosis, transcriptomes, and genetics.4,23–31 Crucially, 
all previous studies of the prognostic importance of 
extent of resection for medulloblastoma have been done 
without knowledge of subgroup affi  liation (see appendix 
pp 44–46). We retrospectively analysed the prognostic 
value of extent of resection in a subgroup-specifi c 
manner in patients treated at centres participating in 
the Medulloblastoma Advanced Genomics International 
Consortium.

Methods
Specimen processing and subgroup identifi cation
Surgical resections took place from April, 1997, to 
February, 2013, at the Hospital for Sick Children and 
our 34 collaborating institutions (35 centres in total). 
Patients were deemed ineligible for study inclusion if they 
had incomplete data about molecular subgroup, extent of 

Funding Canadian Cancer Society Research Institute, Terry Fox Research Institute, Canadian Institutes of Health 
Research, National Institutes of Health, Pediatric Brain Tumor Foundation, and the Garron Family Chair in Childhood 
Cancer Research.

Research in context

Evidence before this study
On Jan 30, 2014, we searched PubMed with the search terms 
“resection” and “medulloblastoma”. This search resulted in 
285 articles. Only studies in humans written in English were 
included. We reviewed article titles and abstracts for relevancy. 
We included review articles, case reports, articles including 
patients older than 18 years, articles including tumours other than 
medulloblastoma, and articles including patients with 
supratentorial tumour locations. We also excluded articles in 
which no statistical comparison of extent of resection was made 
or articles from the same institution with duplicated patient data. 
This resulted in 36 articles, which were a combination of reports 
either reporting clinical trials, or a post-hoc analysis evaluating 
incomplete resection as a prognostic marker. We found 12 articles 
supporting increased extent of resection associated with an 
improved prognosis, 12 articles showing no survival benefi t with 
increased extent of resection, and 12 articles showing an 
indeterminate eff ect of increased extent of resection.

Added value of this study
To our knowledge, our international study of 787 patients with 
medulloblastoma is the largest and most comprehensive so far to 
analyse the importance of extent of resection on survival in a 

subgroup-specifi c manner. This compares with a median patient 
number of 80 in other studies that address the clinical importance 
of extent of resection in children with medulloblastoma. 
Our results do not show a defi nitive association between extent 
of resection and survival in patients with WNT, SHH, and group 3 
medulloblastomas. There was a survival benefi t for gross total 
resection compared with sub-total resection with group 4 
medulloblastomas, especially for patients with metastatic disease. 

Implications of all the available evidence
The current goal of surgical resection in paediatric patients with 
medulloblastoma who are older than 3 years and have no 
metastases is a postoperative residual area of less than 1·5 cm². 
When we accounted for subgroup, there was a progression-free 
survival benefi t for gross total resection compared with a 
sub-total (≥1·5 cm²) resection, but we found no defi nitive 
prognostic benefi t for a gross total resection instead of a 
near-total resection (<1·5 cm²). Our fi ndings will substantially 
aff ect surgical practice because overly aggressive surgical 
resection with resultant neurological morbidity can potentially 
be avoided. Additionally, the value of increased craniospinal 
radiation for patients with more than 1·5 cm² residual tumour 
should be questioned and explored in future prospective trials. 
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resection, or survival. Medulloblastoma specimens 
were sterilely stored (frozen or formalin-fi xed paraffi  n-
embedded tissues) at each institution in accordance with 
the Ethics Review Board of the Hospital for Sick Children 
and the individual institutions. Each centre provided 
information and specimens for one to 139 patients 
(appendix p 47). The largest ten centres provided 505 (64%) 
of 787 specimens. Between one and six diff erent surgeons 
from each institution performed tumour resections. 
By extrapolating from the experience at the Hospital for 
Sick Children, which has one of the highest surgical 
volumes in North America, we estimated that each surgeon 
would have operated on less than 20 patients. Therefore, 
adjusting for surgeon in the multivariable analysis was not 
feasible, especially for institutions that contributed small 
numbers of patients. Although a small overlap exists with 
a previously published report from our group with respect 
to overall survival and cytogenetics,32 we know of no 
overlap of cases ascertained in this series with any 
previously published cohorts from our group or any 
cooperative cohort with respect to surgical and oncological 
treatment. The molecular subgroup of tumours was 
established by use of NanoString limited gene expression 
profi ling (NanoString Technologies, Seattle, WA, USA) on 
specimens weeks to years after surgical resection.33,34

Extent of resection
At each contributing institution, extent of resection was 
established based on surgeons’ reports and confi rmed on 
postoperative gadolinium-enhanced T1-weighted MRI, or 
less commonly contrast-enhanced CT. The non-centralised 
radiographic review was masked to molecular subgroup. 
Based on postoperative imaging, we defi ned gross total 
resection as no residual tumour, near-total resection as 
less than 1·5 cm² residual tumour, and sub-total resection 
as 1·5 cm² or more of residual tumour.1,2

Statistical analysis
The primary analysis outcome was the eff ect of extent of 
resection by molecular subgroup and the eff ects of other 
clinical variables on overall and progression-free survival. 
We tested for association between extent of resection 
and clinicopathological variables with Fisher’s exact test. 
We used log-rank tests to compare groups in terms of 
survival. We used univariate and multivariable Cox 
proportional hazard regression to estimate hazard ratios 
(HR) for progression-free survival and overall survival, 
including 95% CIs. The variables we included were 
molecular subgroup (WNT, SHH, group 3, and group 4), 
age (<3 vs ≥3 years old), metastatic status (yes vs no), 
geographical location of therapy (North America/Australia 
vs rest of the world), receipt of chemotherapy (yes vs no), 
and receipt of craniospinal irradiation (<30 Gy or >30 Gy 
vs no craniospinal irradiation). For all multivariable Cox 
regression models, we accounted for missing data for 
covariables by use of multiple imputations. To do 
imputations, we used predictive mean matching based on 

50 bootstrap samples with fi ve burn-in iterations. This 
approach works for continuous, binary, and categorical 
predictors. Briefl y, in each bootstrap sample, missing data 
for each variable was predicted conditional on all other 
variables. For each imputed dataset, a multivariable Cox 
regression model is fi tted. Estimates from all imputed 
datasets are then combined in a weighted approach to get 
fi nal Cox regression model estimates. Imputations were 
done with R package Hmisc function aregImpute 
version 3.17-2.35

We generated nomograms of multivariable models with 
R package rms version 4-4.2. We used forest plots to show 
the HRs of diff erent extents of resection in various 
subgroups. To account for adjuvant chemotherapy and 
radiation diff erences, we stratifi ed or adjusted tests on 
diff erence in survival for location with respect to North 
America and Australia (Children’s Oncology Group [COG] 
members) versus the rest of the world, mainly because of 
the uniformity of risk-adapted therapy from COG-affi  liated 
centres compared with more heterogeneous treatment 
across the remaining worldwide centres. We analysed 
chemotherapy and radiation at diagnosis, but we did not 
analyse treatment regimen at recurrence because of the 
small proportion of patients whose disease progressed 
and the heterogeneity of salvage therapy between the 
35 collaborating institutions. We analysed metastatic 
status as the presence or absence of metastases at 
diagnosis to simplify the multivariable analysis, especially 
in view of the fact that patients were divided into 
four molecular subgroups. This is consistent with another 
recent study that accounted for medulloblastoma 
subgroup.36 We used interaction tests in Cox regression to 
formally assess the heterogeneity of the eff ect of extent of 
resection between molecular subgroups. We assessed 
the quantitative covariate age for non-linear functional 
association using Martingale residuals without indication 
of a violation. We then confi rmed that multivariable 
fractional polynomials or restricted cubic splines would 
not improve the fi t of age in the model. All tests were 
two-sided. We judged p values less than 0∙05 to be 
signifi cant. We did survival analysis by use of the 
R package survival (version 2.37) and ggplot2 
(version 0.9.3.1). We did all analyses in the R statistical 
environment (version 3.1.3).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had fi nal responsibility for 
the decision to submit for publication. 

Results
In total, we analysed a cohort of 787 patients (table 1, 
appendix pp 21–42). Complete data were available and 
analysed for 628 patients for all covariables used in 
multivariable Cox regression (table 1). 86 patients had 
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WNT tumours, 242 had SHH tumours, 163 had group 3 
tumours, and 296 had group 4 tumours. 159 sub-total 
resections, 109 near-total resections, and 519 gross total 
resections were included. We detected no signifi cant 
diff erence in distribution of gross total resection, 
near-total resection, and sub-total resection operations 
between the four molecular subgroups (p=0∙076). 
For progression-free survival analysis, 287 events were 
recorded in 738 patients (12 in patients with WNT 
tumours, 92 with SHH, 76 with group 3, and 107 with 
group 4). For overall survival analysis, 253 of 778 patients 
died (11 with WNT tumours, 82 with SHH, 73 with 
group 3, and 87 with group 4). Patients with incomplete 
survival data originated from 14 diff erent centres and no 
pattern of missing data existed. In the overall survival 
analysis, 201 (54%) of 778 patients died during the fi rst 
5 years of follow-up (median follow-up 1·83 years, 
IQR 1·83–7·5) and 413 (72%) patients had 3-year 
follow-up. In the progression-free survival analysis, 
263 (54%) of 487 patients without an event (progression) 
were alive at 5 years of follow-up and 347 (71%) patients 
had 3-year follow-up (median time to progression 
3·08 years, IQR 1·49–7·00). To compare our cohort with 
previously published studies, we calculated the 
prognostic value of extent of resection without 
accounting for subgroup, and we were able to replicate 
previous results that showed a benefi t for increased 
extent of resection (sub-total resection vs gross total 
resection) in terms of both progression-free survival 
(65·4%, 95% CI 60·9–70·2 for gross total resection vs 
47·2%, 39·1–57·1 for sub-total resection, HR 1·8, 
1∙3–2∙4, p<0∙0001) and overall survival (72·6%, 
95% CI 68·4–77·1 for gross total resection vs 60·6%, 
95% CI 52·8–69·6, sub-total resection, HR 1·6, 1∙2–2∙2, 
p=0∙010; fi gure 1) across the whole population not 
stratifi ed by molecular subgroup.1,2,8 We conclude that 
our cohort is similar to previously published cohorts. 
Similar to previous studies that have included molecular 
subgroups of medulloblastoma, patients with WNT 
tumours had the best progression-free survival and 
overall survival (fi gure 1), followed by group 4 and SHH, 
then group 3. Median survival could not be calculated 
for progression-free survival or overall survival because 
survival did not reach 50%. 5-year progression-free 
survival was 87·6% (95% CI 80·3–95·6) for patients 
with WNT tumours, 63·1% (56·5–70·4) for SHH 
tumours, 54·6% (46·6–63·9) for group 3 tumours, and 
59·4% (53·3–66·2) for group 4 tumours. 5-year overall 
survival was 89·9% (95% CI 83·5–96·8) for patients 
with WNT tumours, 71·1% (65·2–77·6) for SHH 
tumours, 55·3% (47·7–64·2) for group 3 tumours, and 
71·3% (65·6–77·5) for group 4 tumours. We did no 
post-hoc comparisons on this univariate analysis of 
molecular subgroup and p values were calculated across 
all four subgroups.23,30,37

We did a test on heterogeneity of the prognostic eff ect 
of extent of regression (appendix p 1). Notably, we detected 

no signifi cant interaction between subgroup and extent of 
resection, suggesting that the eff ect of extent of resection 
is not signifi cantly diff erent between the subgroups 
(appendix p 1).

We subsequently did a multivariable analysis of 
progression-free survival and overall survival in a 
subgroup-specifi c manner. In patients with WNT tumours, 
the increase in risk of progression associated with sub-total 

WNT SHH Group 3 Group 4 p value

Extent of resection

GTR 51 (59%) 162 (67%) 110 (67%) 196 (66%) ··

NTR 21 (24%) 24 (10%) 23 (14%) 41 (14%) ··

STR 14 (16%) 56 (23%) 30 (18%) 59 (20%) ··

Total 86 (100%) 242 (100%) 163 (100%) 296 (100%) 0·076

Sex

Female 49 (60%) 90 (38%) 41 (26%) 81 (28%) ··

Male 33 (40%) 142 (61%) 118 (74%) 211 (72%) ··

Total 82 (100%) 232 (100%) 159 (100%) 292 (100%) <0·0001

Age (years)

<3 3 (4%) 79 (33%) 30 (19%) 9 (3%) ··

≥3 79 (96%) 158 (67%) 130 (81%) 283 (97%) ··

Total 82 (100%) 237 (100%) 160 (100%) 292 (100%) <0·0001

Radiation

No 5 (6%) 68 (31%) 27 (18%) 10 (4%) ··

Yes 74 (94%) 148 (69%) 123 (82%) 263 (96%) ··

Total 79 (100%) 216 (100%) 150 (100%) 273 (100%) <0·0001

Local boost

No 5 (6%) 66 (31%) 26 (17%) 9 (3%) ··

Yes 74 (94%) 150 (69%) 124 (83%) 264 (97%) ··

Total 79 (100%) 216 (100%) 150 (100%) 273 (100%) <0·0001

Local boost only

No 72 (96%) 197 (95%) 138 (96%) 258 (97%) ··

Yes 3 (4%) 11 (5%) 6 (4%) 8 (3%) ··

Total 75 (100%) 208 (100%) 144 (100%) 266 (100%) 0·66

CSI dose

None 7 (9%) 75 (36%) 31 (22%) 16 (6%) ··

<30 Gy 38 (51%) 69 (33%) 43 (30%) 146 (55%) ··

>30 Gy 29 (39%) 63 (30%) 69 (48%) 104 (39%) ··

Total 74 (100%) 207 (100%) 143 (100%) 266 (100%) <0·0001

Chemotherapy

No 11 (13%) 16 (7%) 9 (6%) 14 (5%) ··

Yes 71 (87%) 210 (93%) 143 (94%) 264 (95%) ··

Total 82 (100%) 226 (100%) 152 (100%) 278 (100%) 0·085

Metastatic status

Metastases absent 62 (84%) 176 (76%) 76 (49%) 188 (68%) ··

Metastases present 12 (16%) 55 (24%) 78 (51%) 88 (32%) ··

Total 74 (100%) 231 (100%) 154 (100%) 276 (100%) <0·0001

North America or Australia

Yes 43 (50%) 124 (51%) 91 (56%) 146 (49%) ··

No 43 (50%) 118 (49%) 72 (44%) 150 (51%) ··

Total 86 (100%) 242 (100%) 163 (100%) 296 (100%) 0·60 

GTR=gross total resection. NTR=near-total resection. STR=sub-total resection. CSI=craniospinal irradiation.

Table 1: Patient characteristics by medulloblastoma molecular subgroup
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resection (HR 3∙04, 95% CI 0∙40–23∙30, p=0∙28) and 
near-total resection (HR 1∙91, 0∙39–9∙35, p=0∙43) 
compared with gross total resection was not signifi cant 
(appendix p 1). For overall survival, risk with sub-total 
resection (HR 2∙40, 95% CI 0∙26–22∙09, p=0∙44) and 
near-total resection (HR 0∙90, 0∙12–6∙88, p=0∙92) was not 
signifi cantly diff erent compared with gross total resection 
(appendix p 2). The implications of extent of resection for 
WNT patients are somewhat limited by the small cohort, 
which included only 14 sub-total resections and 21 near-
total resection operations (fi gure 2; appendix p 43).

In a multivariable analysis of patients with SHH 
tumours, only metastatic status (HR 2·52, 95% CI 
1·41–4·50, p=0·0018) and >30 Gy craniospinal radiation 
(HR 0·50, 0·25–0·99, p=0·046) were signifi cantly 
associated with progression. Neither sub-total resection 
(HR 1∙04, 0·6–1·81, p=0∙88) nor near-total resection 

Figure 1: 5-year overall and progression-free survival for all patients
Curves show progression-free survival (A, B) and overall survival (C, D) by extent of resection (A, C) and molecular subgroup (B, D). Values in parentheses show failure 
events during that time period. p values are log-rank across the four subgroups. GTR=gross total resection. NTR=near-total resection. STR=sub-total resection. 
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Figure 2: 5-year survival for extent of resection by subgroup
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(HR 0∙82, 0∙35–1∙92, p=0∙65) were associated with an 
increased risk of progression in patients with SHH 
tumours compared with gross total resection (appendix p 3). 
Similarly, for overall survival, only metastatic status was 
signifi cant (HR 2·52, 95% CI 1·72–6·04, p=0·00026), and 
neither sub-total resection (HR 1∙06, 95% CI 0∙57–1∙96, 
p=0∙85) nor near-total resection (HR 0∙78, 0∙31–1∙95, 
p=0∙59) were associated with reduced overall survival 
compared with gross total resection (appendix p 4). In both 
a univariable and multivariable model, in which we 
stratifi ed patients with SHH tumours by metastatic status, 
we detected no signifi cant diff erence in survival with 
sub-total resection (appendix pp 48–49).

For patients with group 3 tumours, metastatic status 
(HR 2·27, 95% CI 1·27–4·05, p=0·0055) and craniospinal 
radiation more than 30 Gy (HR 0·37, 95% CI 0·19–0·71, 
p=0·0030) were signifi cantly associated with progression 
risk. Neither sub-total resection (HR 1∙20, 95% CI 
0∙64–2∙27, p=0∙57) nor near-total resection (HR 0∙61, 
0∙27–1∙40, p=0∙25) were signifi cantly associated with 
progression for patients with group 3 tumours compared 
with gross total resection (appendix p 5). Variables 
associated with reduced overall survival were metastatic 
status (HR 2·19, 95% CI 1·22–3·90, p=0·0082), age 
(HR 0·90, 95% CI 0·82–0·98, p=0·020), and 
chemotherapy (HR 0·29, 95% CI 0·11–0·77, p=0·013). 
We identifi ed no increased risk of death due to sub-total 
resection (HR 0∙84, 95% CI 0∙44–1∙61, p=0∙60) or 
near-total resection compared to gross total resection 
(HR 0∙81, 0∙38–1∙73, p=0∙59; appendix p 6). In both a 
multivariable and univariable model, in which we 
stratifi ed patients with group 3 tumours by metastatic 
status, we detected no signifi cant diff erence in survival 
with subtotal resection (appendix pp 48–49).

For patients with group 4 tumours, variables 
associated with progression risk were sub-total 
resection (HR 1∙97, 95% CI 1∙22–3∙17, p=0∙0056), less 
than 30 Gy of craniospinal radiation (HR 0·44, 95% CI 
0·21–0·91, p=0·028), and geographical treatment 
location (HR 1·99, 1·29–3·08, 0·0019), whereas near-
total resection was not signifi cant (HR 1∙24, 0∙70–2∙20, 
p=0∙45; appendix p 7) compared with gross total 
resection. We identifi ed no increased risk for death 
with sub-total resection (HR 1∙67, 0∙93–2∙99, p=0∙084) 
and near-total resection compared to gross total 
resection (HR 1∙38, 0∙71–2∙71, p=0∙34; appendix p 8). 
Subgroup analyses for patients with or without 
metastatic disease showed that the signifi cantly 
increased risk of progression following a sub-total 
resection in group 4 was restricted to patients with 
metastatic disease (appendix pp 8–10, 49). Specifi cally, 
in a multivariable model using age, craniospinal 
radiation and site of treatment, the non-signifi cant 
benefi ts of increased extent of resection for progression-
free survival and overall survival were largely restricted 
to patients with metastases at baseline (for progression-
free survival, HR 1·36, 0∙67–2∙75, p=0∙39 for patients 
without metastases vs HR 2·22, 1·00–4∙93, p=0∙050 
patients with metastases; for overall survival, HR 1·29, 
0·52–3·17, p=0·59 for patients without metastases vs 
HR 2·09, 0·79–5·59, p=0·14 for patients with 
metastases; appendix pp 48–49.). When the 
multivariable analysis was restricted only to non-group 
4 tumours, we found no diff erence between gross total 
resection and sub-total resection for either progression-
free survival (HR 1·15, 95% CI 0·77–1·71, p=0·49) or 
overall survival (HR 1·03, 95% CI 0·67–1·58, p=0.89; 
appendix pp 11–12).

Hazard ratio (95% CI) p value

Extent of resection vs GTR

NTR 1·05 (0·71–1·53) 0·81581

STR 1·45 (1·07–1·96) 0·01567

Molecular subgroup vs group 3

WNT 0·27 (0·14–0·54) 0·00017

SHH 0·59 (0·41–0·84) 0·00322

Group 4 0·72 (0·52–0·99) 0·04114

Metastases present vs metastases 
absent

1·67 (1·25–2·22) 0·00048

Age (≥3 vs <3 years) 1·00 (0·98–1·02) 0·74057

Chemotherapy vs no 
chemotherapy

0·76 (0·43–1·35) 0·35286

Craniospinal irradiation vs no irradiation

<30 Gy 0·42 (0·29–0·61) <0·0001

>30 Gy 0·45 (0·31–0·65) <0·0001

North America/Australia 
(no vs yes)

1·47 (1·14–1·9) 0·00281

GTR=gross total resection. NTR=near-total resection. STR=sub-total resection.

Table 2: Progression-free survival by multivariable Cox model for all 
patients (n=738) 

Hazard ratio (95% CI) p value

Extent of resection vs GTR

NTR 1·14 (0·75–1·72) 0·54837

STR 1·23 (0·87–1·72) 0·23879

Molecular subgroup vs group 3

WNT 0·25 (0·12–0·53) 0·00032

SHH 0·58 (0·40–0·84) 0·00377

Group 4 0·54 (0·38–0·77) 0·00062

Metastases present vs 
metastases absent

2·02 (1·46–2·79) <0·0001

Age (≥3 vs <3 years) 0·99 (0·97–1·02) 0·58044

Chemotherapy vs no 
chemotherapy

0·60 (0·33–1·10) 0·10005

Craniospinal irradiation vs no irradiation

<30 Gy 0·48 (0·32–0·73) 0·00055

>30 Gy 0·53 (0·36–0·79) 0·00171

North America/Australia, 
(no vs yes)

1·72 (1·29–2·29) 0·00020

GTR=gross total resection. NTR=near-total resection. STR=sub-total resection.

Table 3: Overall survival by multivariable Cox model for all patients (n=778)
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We then did multivariable analyses with respect to 
metastatic status and age. In patients without metastases, 
variables associated with progression risk were 
geographical location of treatment, molecular subgroup, 
and craniospinal radiation. Neither near-total resection 
nor sub-total resection (appendix p 13) were associated 
with an increased progression risk. Variables associated 
with risk of death were geographical treatment location, 
subgroup, and craniospinal radiation. For overall survival, 
neither near-total nor sub-total resection (were associated 
with increased risk (appendix p 14). In patients 
with metastases, variables associated with progression 
risk were molecular subgroup, craniospinal radiation, 
and geographical treatment location. Neither near-total 
resection nor sub-total resection were associated with 
increased progression-free survival (appendix p 15). 
Variables associated with risk of death were molecular 
subgroup and chemotherapy. Neither near-total resection 
nor sub-total resection were associated with an increased 
risk of death (appendix p 16). 

A signifi cant interaction existed between age and extent 
of resection (p=0∙03 for progression-free survival, p=0∙01 
for overall survival; appendix p 1), suggesting that the 
prognostic eff ect of sub-total resection might diff er in 
patients aged less than 3 years and 3 years and older. 
In the 121 patients younger than 3 years (who almost 
exclusively had SHH [n=79] and group 3 tumours [n=30]), 
molecular subgroup was associated with risk of 
progression, whereas neither near-total gross resection 
nor sub-total resesction were associated with increased 
risk of progression (appendix p 17). Similarly, neither 
near-total gross resection nor sub-total resection were 
associated with increased risk of death (appendix p 18). 
In a multivariate analysis of patients aged 3 years or older, 
for both progression-free survival and overall survival, 
near-total resection was not prognostic however, sub-total 
resection was prognostic. Molecular subgroup conferred 
a signifi cant risk of both progression and death 
(appendix pp 19–20).

Multivariable analysis across all patients showed 
sub-total resection, molecular subgroup, metastatic 
status, receiving craniospinal radiation, and geographical 
location to be signifi cant predictors of progression-free 
survival; near-total resection had no increased risk 
of progression (table 2). Multivariable analysis of 
overall survival identifi ed signifi cant associations with 
molecular subgroup, metastatic status, craniospinal 
radiation, and geographic location (table 3). Nomograms 
of the multivariable model to show the relative clinical 
eff ect of each variable to predict progression-free survival 
and overall survival at 3 and 5 years are shown in 
fi gure 3. An example of nomogram use is shown in the 
appendix (p 53).

We did multivariable direct comparisons of gross total 
resection, near-total resection, and sub-total resection for 
both progression-free survival and overall survival both 
for the entire population, and within each molecular 

Figure 3: Survival nomograms
Nomograms were created from the multivariable Cox model. The presence or absence of each variable is scored 
(top row). The cumulative score from each variable is used to calculate 3-year and 5-year PFS (A) and OS (B) 
probabilities. PFS=progression-free survival. OS=overall survival. GTR=gross total resection. NTR=near-total resection. 
STR=sub-total resection.

A Nomogram for multivariable Cox model for progression-free survival

B Nomogram for multivariable Cox model for overall survival
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subgroup (fi gure 4). No subgroups were identifi ed as 
having a signifi cantly increased risk of progression in 
comparisons of near-total resection versus gross total 
resection. For sub-total resection versus gross total 
resection, we saw that sub-total resection confers a 
progression risk for the entire cohort, patients with 
group 4 tumours, and patients aged 3 years or older 
(fi gure 4). The patients with metastases and group 4 
tumours are possibly driving these age-related eff ects, 
because there were no observable eff ects for patients with 
WNT, SHH, or group 3 tumours. The same analysis for 
overall survival did not show a diff erence between sub-
total resection and gross total resection for patients with 
group 4 tumours (fi gure 4). Unexpectedly, for patients 
younger than 3 years, gross total resection and near-total 
resection do not improve survival compared with sub-
total resection (fi gure 4). Univariate analysis and 
multivariable analysis adjusted only for chemotherapy 
and radiotherapy regimens showed similar results 

(appendix p 51). A sensitivity analysis of random eff ects 
and institution showed similar results with and without 
accounting for institution (appendix p 43).

Discussion
Our main fi ndings are that the benefi t of increased 
extent of resection is largely attenuated after molecular 
subgroup is taken into account; that near-total resection 
seems to be prognostically equivalent to gross total 
resection, and that the magnitude of the benefi cial 
clinical eff ect of gross total resection on prognosis is 
smaller than those of other known risk factors for 
medulloblastoma. To our knowledge, this study assesses 
the largest cohort of patients so far with respect to role of 
extent of resection in the treatment of medulloblastoma.

The current goal of surgical resection for patients with 
medulloblastoma is to achieve a safe gross total resection 
without signifi cant neurological sequelae. If the tumour 
is adherent to critical structures, the goal is to leave a 

Figure 4: Eff ect of extent of resection in patient subgroups
Multivariable forest plots directly compare extent of resection for PFS (A) and OS (B). Circles to the right of the vertical line show increased risk while those to the left of the vertical line show 
decreased risk.  HR=hazard ratio. GTR=gross total resection. NTR=near-total resection. STR=sub-total resection.
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residual of less than 1·5 cm², a near-total resection.21 
There is a controversial general perception in the 
neurosurgical community that a gross total resection 
is prognostically superior to a near-total resection. 
Our fi ndings in this study show that there is no prognostic 
diff erence between gross total resection and near-total 
resection and should help to convince surgeons to 
minimise morbidity when removing small residual 
portions of tumours adherent to critical structures. 
Sub-total resection can range from slightly larger than 
1·5 cm² up to small limited needle biopsies. This value of 
less than 1·5 cm² was based mainly on postoperative CT 
scans,1,2 which had relatively low resolution compared 
with modern MRI. The value was established as part of 
CCG921,2 which ran in the late 1980s when treatment and 
outcomes were substantially diff erent compared with 
modern cisplatin-based therapy, and during which the 
histological classifi cation probably included other entities 
such as atypical teratoid rhabdoid tumours. Furthermore, 
about half of medulloblastomas (mostly group 4) do not 
enhance on MRI or have heterogeneous enhancement.38 
Non-enhancing residual tumour can easily be missed 
even on modern postoperative MRI, especially when 
located between the cerebellum and brainstem. A large 
prospective radiographic study using modern 3D MRI 
volumetrics with a receiver operating curve is needed to 
establish exactly how much size of residual tumour is 
truly predictive of a poor prognosis.

There are several reasons why our data showing no 
defi nitive association between extent of resection and 
survival are not surprising. Review of the scientifi c 
literature revealed a roughly equal number of studies that 
did and did not identify an association between increased 
extent of resection and overall survival (appendix p 44–46). 
Despite clinical uncertainty that is arguably justifi ed by 
the existing evidence, most neurosurgeons attempt a 
maximum safe gross total resection in an attempt to 
maximise progression-free survival and overall survival in 
the absence of more defi nitive data.

Previous prospective clinical trials have cast doubt 
on the role of extent of resection for children with 
medulloblastoma. Packer and colleagues5 reported a 5-year 
event-free survival of 83% (SE 2·2) in patients without 
metastases with less than 1·5 cm² residual tumour (n=313) 
compared with 75% (SE 13) in patients without metastases 
with 1·5 cm² or more (n=15), despite both groups having 
received only 23·4 Gy of craniospinal irradiation. Gajjar 
and colleagues reported that, at a median follow-up of 
more than 8 years, zero of six patients with residual 
tumour larger than 1∙5 cm² treated as high risk in the 
St Jude Medulloblastoma-96 cohort36 had evidence of 
disease.3 The HIT200036 multicentre clinical trial cohort 
did not show an association between residual tumour 
larger than 1∙5 cm² and event-free survival. The SIOP 
PNET4 study,39 which did not include molecular subgroup 
information, defi ned non-metastatic, sub-totally resected 
tumours as average-risk disease and reported that sub-total 

resection was the strongest negative prognostic factor, 
although this fi nding was limited by the fact that only 
31 (9%) of 340 patients had a residual of 1∙5 cm² or larger. 
Finally, we previously reported34 that in patients with 
group 3 and 4 medulloblastoma, the site of recurrence is 
almost always metastatic and not the local tumour bed. 
In patients with group 4 tumours, the benefi t of gross total 
resection seemed to be mostly restricted to patients with 
metastases, rather than patients without metastases who 
receive intensifi ed craniospinal irradiation when residual 
disease exceeds 1∙5 cm². Why patients with metastatic 
group 4 tumours seem to have reduced survival with 
sub-total resection is unclear, but the simplest proximate 
explanation is that the degree of metastatic dissemination 
is higher in this group than in the others, hence surgeons 
have a reduced impetus to pursue an aggressive resection. 
Among patients who have undergone sub-total resection, 
the average residual tumour size might also be larger for 
patients with metastases than for patients without.

We would like to emphasise that all patients benefi t 
from generous tumour debulking and decompression of 
the brainstem. Resection of the bulky, dorsal portion 
of the tumour is usually very safe and seldom a cause of 
morbidity. Our fi ndings do not address or endorse a 
strategy whereby a small diagnostic biopsy is done 
followed by adjuvant therapy, because the type of disease 
for which this is appropriate is seldom seen and was not 
included in our dataset. The clinical application of our 
fi ndings might be restricted at presentation because the 
subgroup of the patient’s tumour is not usually known 
defi nitively at the time of surgery. However, our results 
could certainly inform the value of second-look surgery 
for small residual tumours.

At many institutions worldwide, patients are deemed to 
be at high risk if they have 1·5 cm² or more residual 
tumour on postoperative MRI. This classifi cation has 
profound implications with respect to the amount of 
adjuvant craniospinal radiation these patients receive 
(36 Gy compared with the 23 Gy received by patients at 
average risk at most COG and International Society 
of Paediatric Oncology-associated centres). Notably, 
patients from COG centres in North America and 
Australia in this study had signifi cantly better 
progression-free survival and overall survival than did 
those treated at non-COG centres, possibly because of the 
uniform adjuvant cerebrospinal irradiation protocols 
in the North American and Australian centres and 
heterogeneous treatment in the worldwide cohort. There 
is a well reported decrease in long-term IQ and quality of 
life in patients who receive high-dose craniospinal 
irradiation compared with low-dose treatment.40 In the 
present study, we did not see a defi nitive association 
between increased extent of resection and progression-free 
survival or overall survival in patients with WNT, SHH, 
and group 3 medulloblastoma. A small subset of SHH 
group tumours show extensive nodular histology 
(MBEN),24 which has been shown to have the most 
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favourable prognosis of all histological types7 and typically 
occurs in infants (aged <3 years).41 Garre and colleagues41 
reported that residual tumour of 1∙5 cm² or larger was 
not signifi cantly associated with overall survival in 
patients with very large MBEN tumours caused by 
familial tumour predisposition syndromes. In patients 
with group 4 medulloblastoma, and patients aged 3 years 
or older, aggressive resections might have role in 
achieving residual disease smaller than 1·5 cm², although 
the relative benefi t for overall survival is indeterminate 
and should be weighed against the risks associated with 
aggressive surgical resection. Clinicians might need to 
weigh the small overall survival risk of residual disease 
against the marked risk of poor long-term quality of life 
when deciding whether to initiate high-dose craniospinal 
radiotherapy for patients without metastases who have 
residual disease.

Limitations of our study include the absence of central 
radiographic review and its retrospective nature. 
Discrepancies in central and institutional radiographic 
review of residual medulloblastoma can occur, as can 
poor quality postoperative imaging.5 A prospective trial 
that accounts for molecular subgroup and randomly 
assigns patients to less than 1∙5 cm² residual or aggressive 
debulking while leaving at least 1∙5 cm² residual would 
be the gold standard to clarify the role of sub-total 
resection. However, such a study would be both ethically 
and practically impossible to achieve. Assuming survival 
rates similar to those in our cohort and based on the HR 
from our multivariable analysis, in a trial with 3 years 
of recruitment and a minimum of 3 years follow-up, 
one-sided α 2·5, β 0·2, and clinical acceptable 
non-inferiority margin of 1·2 for the HR for the upper 
confi dence limit, more than 6400 patients would be 
needed. Our present study contains 787 patients with 
medulloblastoma, which is, to our knowledge, the largest 
cohort so far in which the value of the extent of resection 
has been assessed and it contains the largest number of 
incompletely resected medulloblastomas yet analysed. 
Although we are unable to defi nitively exclude a small, 
signifi cant benefi t for gross total resection, we point out 
that the benefi t of increased extent of resection has never 
been defi nitively shown in a proper randomised trial, and 
that if our data for extent of resection were instead for a 
novel drug or therapy, this novel therapy would be rejected 
out of hand even if it had minimal side-eff ects. 
Any potential age-related diff erences with respect to the 
clinical importance of extent of resection need further 
investigation in a prospective randomised trial.

We conclude that although the primary goal of surgery 
should be gross total resection, no prognostic diff erence 
exists between near-total resection and gross total 
resection, therefore, gross total resection should not be 
pursued instead of near-total resection if there is clinical 
risk of neurological sequelae. These data question the 
clinical benefi t of second-look surgery for small residual 
WNT, SHH, or group 3 medulloblastomas because of the 

possible morbidity of surgery and the delay in the 
commencement of radiation. Both previous studies 
and our results question the statistical signifi cance and 
clinical magnitude of eff ect for the use of residual disease 
as a criterion to classify patients as high risk and 
precipitate high-dose craniospinal radiotherapy. Our data 
suggest an urgent need to revisit residual disease as 
a risk stratifi cation criterion, especially since more 
informative and robust molecular markers have been 
described and validated.
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