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Abstract
Background. Although survival outcomes for average-risk (AR) medulloblastoma remain excellent, patients experi-
ence significant long-term toxicities. To evaluate the effect of therapy dose modifications among children with AR 
medulloblastoma, we examined the association of cumulative chemotherapy dose with overall survival (OS) and 
event-free survival (EFS) for patients treated on Children’s Oncology Group (COG) study ACNS0331.
Methods. A cohort of children enrolled on ACNS0331 (medulloblastoma confirmed by methylation, received standard 
dose craniospinal radiation, and completed all cycles of chemotherapy) were evaluated for cumulative chemotherapy 
dose intensity continuously and categorically (≥75% or <75% of planned dose). Cox proportional hazards regression 
models were used to examine associations of proportion of planned chemotherapy received with outcome. A sec-
ondary analysis separately evaluated each of the 4 molecular subgroups: Wnt-activated (WNT), Sonic Hedgehog 
Activated (SHH), group 3 and group 4.
Results. Two hundred thirty-five children were followed for a median of 9.3 years (range, 7.0-10.4). Dose intensities 
of vincristine (VCR) and cisplatin showed the most variability (17% and 23.8% of patients received <75% of expected 
dosing, respectively). Molecular subgroup remained a significant predictor of outcome (EFS [P = .012] and OS 
[P = .008]). Cyclophosphamide and lomustine were not examined due to minimal dose variability. No significant 
differences in EFS or OS were found related to reduced dose intensity for VCR (P = .49 EFS, P = .52 OS) or cisplatin 
(P = .36 EFS, P = .35 OS) when analyzed independently. There was no difference in the effect of dose reductions by 
molecular subgroup.
Conclusions. Moderate dose reductions of at least 25% in VCR and cisplatin do not significantly affect survival in AR 
medulloblastoma. Effects of larger dose reductions (>50%) or dose reductions in high-risk disease were not studied.

Key Points

•	 Reduced dose intensity (<75% planned dose) cisplatin or vincristine resulted in 
similar survival compared to planned dose (>75%) intensity.

•	 Within appropriate patient populations, careful dose adjustments of chemo-
therapy may be considered.
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Medulloblastoma is the most common malignant pediatric 
brain tumor, occurring in approximately 1:100 000 pediatric 
patients.1 Treatment relies on maximal safe surgical resec-
tion, craniospinal radiation, and systemic chemotherapy, but 
often comes with long-term side effects and chronic health 
conditions. Craniospinal radiation is particularly associated 
with cognitive deficits that limit its use in developing chil-
dren less than 3 years of age.2–5 Chemotherapy following 
craniospinal radiation for average-risk (AR) medulloblas-
toma consists of a combination of platinum-based agents 
in conjunction with vincristine (VCR), lomustine (CCNU), and 
cyclophosphamide (CPM) that can also cause chronic 
adverse events. While 5-year overall survival (OS) among 
children with AR medulloblastoma nears 85%, survivors are 
frequently left with significant morbidities from therapy, 
including learning difficulties, endocrine abnormalities, 
growth issues, and hearing loss.6–9

Current therapeutic trials aim to maximize treatment effi-
cacy for high-risk groups while minimizing treatment-related 
side effects in lower risk groups. Vincristine and cisplatin are 
frequently used agents in the treatment of medulloblas-
toma. Vincristine, an inhibitor of microtubule polymeriza-
tion, may cause significant neurotoxicity, leading to 
neuropathic pain, peripheral muscle weakness, seizures, 
cranial neuropathies, motor weakness, and constipation 
from autonomic neuropathy.10–13 Cisplatin, which interrupts 
DNA repair, also has negative systemic effects and neuro-
toxicity, the most prominent being its impact on hearing.14 
These side effects can persist long after patients complete 
therapy and affected nerves may continue to show electro-
physiologic dysfunction even after recovery.15,16

Efforts have been made over the years to reduce the total 
dose of these agents to mitigate therapeutic side effects with 
mixed results. For example, reports have shown that 
patients with Charcot-Marie-Tooth disease, who have severe 
peripheral neurotoxicity associated with VCR, have been 
cured of medulloblastoma using regimens that omit this 
drug entirely.17–19 The limited CSF penetration of VCR have 
lead to questions regarding its importance in medulloblas-
toma therapy20,21; however, VCR remains a standard agent 
in conventional medulloblastoma treatment. Previous 
reports have shown that modest dose reductions in cisplatin 
do not affect OS, but these studies used different regimens 
than the current standard risk protocols.9 However, while 
dose modifications may help decrease side effects, they can 
also negatively impact OS.22,23

Understanding the effect of cumulative chemotherapy 
dose on survival in children with medulloblastoma would 
help guide future clinical trial development to maximize 
survival and minimize long-term effects of therapy. To eval-
uate the effect of dose modifications among children with 
standard-risk medulloblastoma, we examined the effect of 
cumulative chemotherapy dose on OS and event-free sur-
vival (EFS) retrospectively using previously published data 
from children enrolled in the Children’s Oncology Group 
(COG) study ACNS0331.24 Following the opening of 
ACNS0331, medulloblastoma has additionally been defined 
by 4 diagnostic groups by methylation profiling (WNT- 
activated (WNT), Sonic Hedgehog Activated (SHH), group 
3, group 4) with varied prognosis and potentially divergent 
therapies.25 We therefore also examined the association 
between cumulative chemotherapy dose and EFS/OS by 
medulloblastoma group (WNT, SHH, group 3, group 4) in 
the same patient cohort.

Methods

Patients and Eligibility

We evaluated the cumulative doses of chemotherapy and 
survival outcomes (OS and EFS) for patients enrolled in the 
most recent COG study for AR medulloblastoma (ACNS0331). 
Similar to the eligibility criteria outlined in ACNS0331, 
patients were eligible for review if they were between the 
ages of 3 and <22 years at the time of diagnosis, had histo-
logically confirmed newly diagnosed medulloblastoma, 
appropriate baseline organ and physical function, and, in 
accordance with AR criteria, had residual tumors <1.5 cm² 
on MRI with no evidence of metastatic disease or diffuse 
anaplasia.21 Patients were not eligible if they had previously 
received antineoplastic therapy.

Among all subjects on ACNS0331, certain participants 
were excluded from analysis (Figure 1). Individuals random-
ized to low-dose craniospinal radiation (of 18  Gy) were 
excluded due to known inferior outcomes. Patients were 
included only if medulloblastoma was confirmed by meth-
ylation profiling. Eighteen patients were excluded due to 
nonmedulloblastoma or inconclusive methylation results, 
and 84 were excluded due to insufficient tissue for methyl-
ation analysis. Without confirmed diagnosis, these cases 

Importance of the Study

Children with average-risk medulloblastoma have excel-
lent long-term survival, yet many experience debilitating 
chemotherapy-related toxicities such as neuropathy and 
hearing loss. Reducing exposure to agents like vincristine 
(VCR) and cisplatin may help mitigate these effects, but 
the impact of dose reductions on survival has remained 
unclear in contemporary treatment protocols. Using data 
from the Children’s Oncology Group study ACNS0331, this 
study evaluates the relationship between cumulative 
chemotherapy dose and survival outcomes in a 

well-characterized cohort. We found that moderate 
reductions in VCR and cisplatin dose intensity did not 
significantly affect event-free or overall survival in the 
overall cohort or within molecular subgroups. These find-
ings may be reassuring to physicians and patients that 
appropriate dose reductions rarely reduce therapeutic 
efficacy. Our results can help inform future clinical trial 
designs that aim to maintain survival outcomes while 
minimizing treatment burden and improving quality of life 
for survivors of pediatric medulloblastoma.

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noag064/8541714 by guest on 02 June 2026



3Wright et al.: Effect of chemotherapy on medulloblastoma survival
N

eu
ro-O

n
colog

y

could not be reliably evaluated and were excluded to main-
tain cohort integrity. Finally, this analysis was limited to 
patients who completed all courses of radiation and chemo-
therapy. The cohort was restricted to patients that completed 
therapy to ensure patients that stopped therapy early due 
to progressive disease, started a new therapy not captured 
in the ACNS0331 dataset, or were lost to follow-up did not 
influence the analysis. A secondary analysis included the 
cohort that did not complete all courses of chemotherapy.

Medulloblastoma methylation group (WNT, SHH, group 3, 
group 4) was determined from fresh-frozen or formalin-fixed 
paraffin-embedded tissue samples using Illumina Infinium 
Methylation EPIC BeadChip arrays as previously described.24 
Chemotherapy dose intensity was analyzed continuously and 
categorically (≥75% or <75% of the planned dose) for each 
agent. The percent of the planned dose for each patient was 
calculated as cumulative dose received (for each drug in mg/
m²) divided by the total planned dose, multiplied by 100%. 
Total planned doses were determined based on the protocol: 
VCR 45 mg/m² (maximum 2 mg per dose or 48 mg total), 
cisplatin 450 mg/m², CPM 6000 mg/m², and CCNU 450 mg/m².

Statistical Analysis/Analysis Plan

Fisher’s exact and chi square tests were used to compare 
categorical variables among patient groups. The 
Wilcoxon-Mann-Whitney test was used to compare contin-
uous variables (eg, age) among patient groups. Event-free 
survival was defined as the time interval from date of study 
entry to date of disease progression, disease recurrence, 
second malignant neoplasm or death from any cause, 
whichever occurred first, or to the date of last follow-up for 
patients without events. Overall survival was defined as the 
time interval from date of study entry to date of death from 
any cause or to the date of last follow-up for survivors. 
Patients were categorized into 2 cumulative dose groups 
based on the percentage of planned dose received (≥75% 
vs <75%). event-free survival and OS were estimated using 
the method of Kaplan and Meier, and log rank tests were 
used to compare outcome distributions by groups. Cox pro-
portional hazards regression models were used to examine 
associations of percentages of planned drugs received with 
outcome. Analyses were restricted to eligible, evaluable 

Figure 1.  Patient inclusion criteria. Due to the known differences in outcome between medulloblastoma and other embryonal tumors, only patients 
with confirmed medulloblastoma on methylation were included in our analysis.26 *This included patients with inconclusive or nonmedulloblastoma 
methylation results (N = 18) as well as those without enough tissue to perform methylation (N = 84).
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patients who received chemoradiation and all 9 mainte-
nance cycles. In secondary analyses, eligible and evaluable 
patients who started VCR but did not receive all 9 courses 
of chemotherapy were included, and Cox regression models 
were used to examine the association between accumulat-
ing VCR and cisplatin doses and outcome; dose was a 
time-dependent covariate in these models. No power or 
sample size calculations were done as this was an explor-
atory analysis of a completed study.

Results

Two hundred thirty-five patients completed all planned che-
motherapy and were included in analyses (Table  1). The 
median follow-up was 9.3 years (Interquartile Range (IQR), 
7.2-10.4 years). Vincristine and cisplatin showed the most 
variable dose intensity of the chemotherapy agents. Almost 
a quarter of patients (23.8%) received less than 75% of the 
expected cisplatin dosing based on protocol, and 17% of 
patients received less than 75% of VCR dosing (see 
Supplementary Table S1). Of note only one patient received 
less than 50% of the recommended cisplatin dose and only 
9 patients received less than 50% of the recommended VCR 
dose. Cyclophosphamide and CCNU were excluded from 
analysis because dose variability was considerably lower: 
only 8 patients (3.4%) and 2 patients (0.9%) received <75% of 
the planned cumulative dose of CPM and CCNU, respectively.

To investigate differences between patients who received 
more or less than 75% of the planned dose of VCR and cis-
platin, we compared demographic and treatment 

characteristics (Table 2). No differences were found between 
cumulative dose groups in terms of sex, race, ethnicity, or 
radiation volume (involved field vs posterior fossa radiation 
therapy). There was evidence of a difference in the distribu-
tion of molecular subgroup among patients who received 
<75% vs ≥75% of the planned cisplatin dose (P = .016). 
Median age at diagnosis was older among patients who 
received <75% of the planned VCR dose compared to ≥75% 
planned dose (11.9 vs 9.2 years, P < .001). No difference in 
age was found between those that received standard vs 
reduced cisplatin dosing (P = .34).

No significant difference in EFS or OS was found due to 
reduced dose intensity for VCR (EFS P = .36, OS P = .35) or 
cisplatin (EFS P = .49, OS P = .52) (Figure 2). As expected, 
molecular subgroup was a significant predictor of outcome 
(EFS P = .012, OS P = .008) in the overall cohort (Figure 3). In 
all 4 molecular subgroups, there was no evidence of a sig-
nificant difference in outcome by dose reduction group 
(<75% vs ≥75%) for either VCR or cisplatin (Table 3). While 
not statistically significant, differences in 5-year EFS were 
seen among some medulloblastoma groups. The largest 
nonsignificant differences were observed among SHH 
patients related to cisplatin dose intensity (EFS of 87.4% vs 
64.8%) and group 3 patients related to VCR intensity (EFS of 
70.6% vs 50%). When analyzed as continuous variables, 
there was also no evidence of significant associations 
between outcome and percentages of VCR and cisplatin 
received. In additional analyses that included eligible and 
evaluable medulloblastoma patients who did not receive 
chemoradiation and all 9 maintenance courses (n = 274), 
there remained no evidence of significant associations 
between outcome and VCR and cisplatin (see Supplementary 
Table S2).

Discussion

Overall survival in pediatric medulloblastoma ranges from 
excellent for low-risk disease to inferior for very high-risk 
disease.6,8,9 Understanding the impact of dose intensity can 
help inform treatment strategies for different risk groups. 
For lower risk patients, it is crucial to consider reducing che-
motherapy doses to minimize short- and long-term late 
effects.4,6 Our analysis of children with AR medulloblastoma 
treated on ACNS0331 shows that significant dose modifica-
tions (defined as <75% of the planned dose) of VCR or cis-
platin occur in more than a quarter of all patients. Fortunately, 
EFS and OS were not significantly affected by these dose 
reductions, suggesting that patients may tolerate a moder-
ate decrease of at least 25% in overall dose intensity of these 
agents, without sacrificing survival outcomes.

Of note, while reduced chemotherapy was categorized as 
<75% of the expected dose in this analysis, few patients 
received less than 50% of the expected dose. While the anal-
ysis may support safe dose reduction of VCR and cisplatin 
of at least 25%, reductions more than 50% were not able to 
be well investigated. Therefore, this analysis is limited to 
examining the effect of moderate dose reductions as more 
severe chemotherapy restrictions may have a different effect.

These finding are consistent with other previous studies. 
Notably, SJMB03 used significantly lower doses of cisplatin 
(cumulative dose 300 mg/m² vs 450 mg/m2 in ACNS0331) 

Table 1.  Patient demographics of individuals who received 
radiotherapy + 9 courses of chemotherapy (n = 235).

Age at diagnosis

  Median 9.8 years

  Range 3.2-21.8 years

Sex, N (%)

  Male 148 (63.0)

  Female 87 (37.0)

Race, N (%)

  White 197 (83.8)

  African American/Black 15 (6.4)

  Native Hawaiian or Other 3 (1.3)

  Asian 6 (2.6)

  American Indian 1 (0.4)

  Unknown 13 (5.5)

Ethnicity, N (%)

  Not Hispanic or Latino 182 (77.5)

  Hispanic or Latino 44 (18.7)

  Unknown 9 (3.8)

Medulloblastoma molecular  
  subgroup, N (%)

  SHH 41 (17.5)

  WNT 44 (18.7)

  Group 3 41 (17.5)

  Group 4 109 (46.3)
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and VCR (cumulative dose 8  mg/m² vs 45  mg/m2 in 
ACNS0331).23,24 Despite these lower doses, similar outcomes 
were observed, although SJMB03 used significantly higher 
doses of CPM (cumulative dose 16 000 mg/m² compared to 
6000 mg/m2 on ACNS0331) and stem cell rescue, making 
direct comparisons challenging. Similarly, Nageswara Rao 
et al. reported that cumulative cisplatin dose was not asso-
ciated with EFS or OS in children with newly diagnosed AR 
medulloblastoma in a prior AR study (CCG A9961).9 These 
results led to a reduction in cumulative cisplatin dose in 
ACNS0331 (from 600 mg/m2 in A9961 to 450 mg/m2 in the 
ACNS0331). The results of our analysis suggest that cisplatin 
and VCR may be further reduced in order to reduce late 
toxicities associated with these chemotherapy agents, such 
as neurotoxicity and hearing loss. While statistical power is 
reduced in analyses of individual medulloblastoma methyl-
ation groups, no significant differences were found in any 
molecular subgroup.

Long-term side effects of chemotherapy, particularly 
ototoxicity and peripheral neuropathy, are significant con-
cerns for medulloblastoma survivors.27 Ototoxicity can 

significantly impact the quality of life and studies have 
shown that higher doses of cisplatin and cochlear irradia-
tion are associated with increased risk of ototoxicity.27–29 
Peripheral neuropathy is another severe long-term side 
effect secondary to both cisplatin and VCR resulting in 
neuropathic pain, muscle weakness, and motor dysfunc-
tion, which may persist long after therapy completion.30  
These neurotoxic effects can significantly impair the daily 
functioning and quality of life of survivors.14,16,17 Protocol- 
defined dose reductions were based on clinical observa-
tions and did not define the offending agent, so dose 
reductions of VCR for neuropathy could not address the 
potential contribution of other agents. While our study 
shows that modest dose reductions do not affect OS, we 
were unable to measure chronic side effects of therapy. 
Therefore, we cannot evaluate whether these dose reduc-
tions led to decreased side effects or long-term 
complications.

It is also important to note that while no statistically sig-
nificant differences in OS and EFS were found between 
patients with and without a moderate decrease in VCR and 

Table 2.  Patient characteristics by percentage of recommended doses of vincristine and cisplatin received (n = 235).

Vincristine cumulative dose Cisplatin cumulative dose

<75% (n=40) ≥75% 
(n  = 195)

P-value <75% (n = 56) ≥75% (n = 179) P-value

Sex, n (%male) 27 (67.5) 121 (62.1) .59 33 (58.9) 115 (64.3) .53

Race, n (%) .48a .63a

  White 32 (80.0) 165 (84.6) 47 (83.9) 150 (83.8)

  Black 2 (5.0) 13 (6.7) 3 (5.4) 12 (6.7)

  Other 1 (2.5) 9 (4.6) 4 (7.1) 6 (3.4)

  Unknown 5 (12.5) 8 (4.1) 2 (3.6) 11 (6.2)

Ethnicity, n (%) .25b .85b

  Hispanic/Latino 4 (10.0) 40 (20.5) 10 (17.9) 34 (19.0)

  Not Hispanic/Latino 32 (80.0) 150 (76.9) 46 (82.1) 136 (76.0)

  Unknown 4 (10.0) 5 (2.6) 0 (0) 9 (5.0)

Age at diagnosis (median 
[range] in years)

11.9 (5.3-21.8) 9.2 (3.2-18.8) <.001 9.5 (3.6-21.8) 10.1 (3.2-18.8) .34

Radiation type, n (%) .86 .65

  IFRT 18 (45.0) 93 (47.7) 28 (50.0) 83 (46.4)

  PFRT 22 (55.0) 102 (52.3) 28 (50.0) 96 (53.6)

Medulloblastoma 
methylation group, n (%)

.39 .016

  WNT 7 (17.5%) 37 (19.0) 3 (5.4) 41 (22.9)

  SHH 6 (15.0) 35 (18.0) 9 (16.1) 32 (17.9)

  Group 3 4 (10.0) 37 (19.0) 10 (17.9) 31 (17.3)

  Group 4 23 (57.5) 86 (44.1) 34 (60.7) 75 (41.9)

VCR dose group, n (%) 1

  <75% cumulative 9 (16.1) 31 (17.3)

  ≥75% cumulative 47 (83.9) 148 (82.7)

Cisplatin dose group, n (%) 1

  <75% cumulative 9 (22.5) 47 (24.1)

  ≥75% cumulative 31 (77.5) 148 (75.9)
aComparison of White vs Black + Other; unknown category was excluded from this analysis.
bUnknown category was excluded from this analysis.
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cisplatin dose intensity, a small difference may still exist. 
Examination of OS and EFS plots suggest that decreased 
dose intensity may have resulted in a small survival deficit, 
which was not shown in Nageswara Rao’s prior analysis. 
While not statistically significant, the largest difference was 
seen in 5-year EFS in group 3 patients with decreased VCR 
dose. Differences were also noted in 5-year EFS of SHH 
tumors that received variable cisplatin dose and group 4 
tumors that received variable VCR dose. In addition, other 

subgroup-dependent molecular biomarkers with prognostic 
significance (eg, MYC status in group 3 tumors, p53 status 
in SHH tumors) were not accounted for in this analysis. In 
a disease where every effort is made to maximize survival, 
this highlights that the risk of impaired survival through 
further dose reduction may not be tolerable especially in 
these higher risk medulloblastoma groups. Indeed, the most 
current COG study (ACNS2031) seeks to improve hearing 
outcomes not by reducing the dose of cisplatin but by 

Figure 2.  Survival curves for vincristine and cisplatin dose intensity received (<75% vs ≥75%): (A) EFS by percent vincristine (P = .36), (B) OS by 
percent vincristine (P = .35), (C) EFS by percent cisplatin (P = .49), and (D) OS by percent cisplatin (P = .52). Abbreviations: EFS, event-free survival; 
OS, overall survival.

Table 3.  Event-free survival (EFS) by chemotherapy dose and medulloblastoma group.

SHH WNT G3 G4

n 5-year EFS 
estimate  
(%) (SE)

P-value n 5-year EFS 
estimate  
(SE)

P-value n 5-year EFS 
estimate  
(SE)

P-value n 5-year EFS 
estimate  
(SE)

P-value

Vincristine 
dose group

  <75% 6 83.3 (15.2) .79 7 100.0 (0.0) .66 4 50.0 (25.0) .24 23 80.9 (8.6) .23

  ≥75% 35 82.7 (6.5) 37 97.2 (2.7) 37 77.9 (6.9) 86 90.6 (3.2)

Cisplatin 
dose group

  <75% 9 64.8 (16.5) .33 3 100.0 (0.0) .78 10 70.0 (14.5) .37 34 91.2 (4.9) .41

  ≥75% 32 87.4 (5.9) 41 97.5 (2.5) 31 76.8 (7.7) 75 87.6 (3.9)
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adding the otoprotective agent sodium thiosulfate (STS) for 
AR patients.

Our study is limited by its retrospective nature and was 
not powered to evaluate the impact of cumulative chemo-
therapy dose on survival. However, our large and 
well-characterized cohort enhances the reliability of our 
findings. Chemotherapy dose modification criteria were 
described comprehensively in the study protocol, minimiz-
ing the likelihood that reductions were driven by individual 
provider perceptions of patient risk. We examined demo-
graphic and tumor characteristics associated with dose 
reductions to further assess potential confounders. Older 
age was associated with VCR dose reduction (see 
Supplementary Table S3), which may reflect the higher inci-
dence of VCR-induced neuropathy in older children.31 Other 
potential confounding variables, such as pharmacogenom-
ics, social determinants of health, and timing or reason for 
dose modification were not able to be evaluated in this 
analysis. Patients who experienced cisplatin dose reduc-
tions differed by molecular subgroups; 61% of all patients 
receiving cisplatin dose reductions were diagnosed with 
group 4 medulloblastoma compared to 5% diagnosed with 
WNT medulloblastoma. Although the poorer prognosis of 
group 4 medulloblastoma compared to WNT medulloblas-
toma was not fully appreciated during the time this study 
was conducted, these findings still suggest that dose reduc-
tions were not primarily driven by perceived risk or 
prognosis.

Advances in risk stratification of pediatric medulloblas-
toma have enabled personalized treatment strategies and 
improved survival outcomes.1 Within these groups and 
risk stratifications, careful dose adjustments and the use 
of oto-protective agents like STS may help mitigate the 
severe side effects associated with higher cumulative 
doses of chemotherapy.28 Ongoing studies of pediatric 
medulloblastoma are now examining the effect of dose 
reduction or other strategies to mitigate long-term toxic-
ities (ACNS1422, ACNS2031) and may help to prospec-
tively evaluate the impact of dose reductions on survival 
and toxicity.

Conclusion

Our study supports that moderate reductions in VCR and 
cisplatin dose intensity do not significantly affect survival in 
AR medulloblastoma. The effect of larger dose reductions 
or dose reductions in higher risk disease is unknown. Future 
research should focus on optimizing chemotherapy regi-
mens to minimize long-term complications while maintain-
ing efficacy, particularly in risk groups with favorable 
prognoses.

Supplementary Material

Supplementary material is available online at Neuro- 
Oncology (https://academic.oup.com/neuro-oncology).
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