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Abstract

Background—Survival rates for children with medulloblastoma have risen over the past decade, 

in part due to the addition of cisplatin-containing adjuvant chemotherapy. Total dose of cisplatin 

required for optimal treatment is unknown. The purpose of this study was to evaluate the survival 

outcomes based on cumulative cisplatin doses (CCD) in children with newly diagnosed average-

risk medulloblastoma.

Procedure—CCD data were reviewed for 363 patients in a prospective study evaluating patients 

between 3 and 21 years with a newly diagnosed average-risk medulloblastoma and treated with 

craniospinal radiation and post-radiation cisplatin based adjuvant chemotherapy.

Results—Eight-year event-free survival (EFS) and overall survival (OS) estimates were 

78.2±2.6% and 83.9±2.4%, respectively. Only 73 patients received the protocol specified CCD of 

600 mg/m2, primarily due to mandated cisplatin toxicity-related dose reductions. The median 

CCD given to those without relapse or death on treatment was 487.5 mg/m2. CCD, as a time-

dependent covariate, was not associated with EFS (P=0.54) or OS (P=0.11). The 343 patients who 

completed chemotherapy failure-free were categorized into four groups according to CCD (n=10; 

75–150 mg/m2), (n=26; 151–300 mg/m2), (n 113; 301–450 mg/m2), and (n=194; 451–600 
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mg/m2). There were no statistically significant differences in distributions of EFS (P=0.53) or OS 

(P=0.49) among these four groups.

Conclusion—CCD is not associated with EFS or OS suggesting that lower doses of cisplatin 

may be incorporated into future medulloblastoma trials, thereby limiting its toxicity profile 

without affecting survival. If ototoxicity is encountered, more stringent cisplatin dose 

modification/cessation rules seem warranted.

Keywords

average-risk medulloblastoma; cumulative cisplatin dose; survival outcomes

INTRODUCTION

Medulloblastoma is the most common malignant brain tumor of childhood and accounts for 

13% and 3.9% of all pediatric brain tumors in the 0–14 and 15–19 years age groups, 

respectively [1]. There is a bimodal peak in incidence with first peak between 3 and 4 years 

and second peak between 8 and 9 years of age and for those children diagnosed at 3 years of 

age or later the 5 year survival rate is 60–70% [2,3]. The survival rates have increased over 

the years likely due to improved treatment strategies which include radiation therapy and the 

addition of cisplatin containing adjuvant chemotherapy [4–6].

However, these therapeutic regimens agents carry with them a significant risk for acute as 

well as long-term sequelae, impacting the quality of life in long-term survivors [7]. Cisplatin 

is often associated with irreversible sensorineuronal hearing loss related to the total 

cumulative dose [8–11]. The long-term impact of hearing loss is greater in younger children 

whose language is still not completely developed. In children, even minimal high frequency 

hearing loss can affect academic performance and social development [12,13].

The optimal dose of cisplatin for the treatment of medulloblastoma is currently unknown. 

This retrospective study evaluated the association of survival outcomes and cumulative 

cisplatin dose in children with newly diagnosed average-risk medulloblastoma.

PATIENTS AND METHODS

Patients

Cumulative cisplatin dose data were reviewed on patients enrolled in the Childrens Cancer 

Group/Pediatric Oncology Group (CCG/POG A9961) trial, a Phase III prospective study 

evaluating effectiveness of treatment in patients with a newly diagnosed average-risk 

medulloblastoma. Patients with a histologically confirmed medulloblastoma, between the 

ages of 3 and 21 years at the time of diagnosis, were eligible for this study. Patients were to 

have <1.5 cm2 of residual tumor on postoperative neuroimaging performed within 21 days, 

preferably, within 72 hours of surgery. Patients were to have no evidence of disseminated 

disease on magnetic resonance imaging (MRI) of the entire brain and spine performed pre- 

or postoperatively and on cytologic examination of lumbar cerebrospinal fluid (CSF). 

Patients with brainstem involvement were eligible. Patients were ineligible if they had any 

previous anticancer treatment, other than corticosteroids, and treatment must have begun 
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within 31 days of definitive surgery. Patients also had to have adequate physiologic 

function, including a nuclear glomerular filtration rate (GFR) or creatinine clearance > 70 

ml/min/1.73 m2 [4]. All institutions participating in the study had received approval from 

their institutional review boards and age-appropriate informed consent/assent was obtained 

by each patient/parent/guardian.

Of the 379 patients enrolled between December 1996 and December 2000 in the study, 12 

patients who were removed from the study prior to receiving any cisplatin (n=3 due to 

relapse/progressive disease prior to starting chemotherapy, n=9 due to parental/physician 

choice) and four patients with incomplete submission of dosing data were excluded from 

this analysis.

Treatment

Chemo-radiotherapy—A dose of 2,340 cGy of craniospinal radiation therapy with a 

posterior fossa boost of 3,240 cGy (total dose 5,580 cGy) was prescribed in fractions of 180 

cGy per day, 5 days per week. The whole-brain treatment volume extended to the entire 

frontal lobe and cribriform plate region. The spinal treatment volume extended laterally to 

cover the recesses of the entire vertebral bodies with at least a 1 cm margin at either side and 

inferiorly 1–2 cm below the termination of the thecal sac. The boost volume included the 

entire posterior fossa with a 1 cm margin around the tentorium. All patients received weekly 

vincristine during radiotherapy (dose: 1.5 mg/m2, maximum dose of 2 mg and a total of 8 

doses).

Maintenance chemotherapy—Following surgery, patients were randomized to receive 

8 cycles of one of two cisplatin based post-radiation adjuvant chemotherapy regimens 

(Table I). Chemo-therapy was to begin 6 weeks after completion of radiation therapy.

Cisplatin dose modifications—The Children's Cancer Group toxicities and 

complications criteria were followed for grading of toxicities (Table II). The site, measure, 

and grade for all toxicities (grades 3 and 4) were collected.

Nephrotoxicity—If the creatinine clearance or GFR was <50% of baseline value, then the 

cisplatin was to be held until creatinine clearance rose above 50% of baseline value. 

Following transient renal dysfunction, the cisplatin was to be reinstituted at 50% dosage 

until the creatinine clearance or GFR was maintained above 50% of baseline value for two 

cycles of chemotherapy. After two cycles of therapy with acceptable creatinine clearance, 

cisplatin could be given at full doses. If the creatinine clearance or GFR was <75% of 

baseline value, then the cisplatin dose was reduced by 50% of the calculated dose. If the 

creatinine clearance or GFR did not rise above 30 ml/min/1.73 m2, the cisplatin was 

omitted.

Ototoxicity—For a decrease in auditory acuity of ≥30 decibels at 4,000–8,000 Hz, a 50% 

reduction in cisplatin dosage was required. For a ≥20 decibel loss at 500–3,000 Hz, a 50% 

reduction in cisplatin dosage was made. A more than 40 decibel hearing loss at 2,000 Hz 

(grade 3 toxicity) required a 50% reduction in cisplatin dosage. A more than 40 decibel 
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hearing loss at <2,000 Hz (grade 4 toxicity) required omitting cisplatin and was not restarted 

unless follow-up audiograms showed an improvement in hearing function.

Statistical Analysis

Cumulative cisplatin dose data were collected on patients enrolled on study who were fully 

eligible. The 363 patients who had received at least one cycle of cisplatin and did not have 

significant missing dosing data are included in this analysis.

Event-free survival (EFS) is defined as time from date of study enrollment to the date of first 

occurrence of relapse or progression of disease, death, or secondary malignancy or date of 

last follow-up. Overall survival (OS) is measured as time from date of study enrollment to 

date of death or last follow-up. Kaplan-Meier estimates of event-free and overall survival 

distributions were calculated. Cox proportional hazards models were used to investigate the 

association of cumulative cisplatin dose with outcome.

A failure while on chemotherapy was defined as either relapse or death without relapse 

while receiving chemotherapy. A subset analysis of the 343 patients who did not experience 

a failure while on chemotherapy was conducted by categorizing these patients into four 

groups according to the cumulative cisplatin dose received [(n=10; 75–150 mg/m2), (n 26; 

151–300 mg/m2), (n 113; 301–450 mg/m2), and (n=194; 451–600 mg/m2)]. A log-rank test 

was used to compare survival distributions among the four cumulative cisplatin dose groups 

after stratifying for treatment regimens.

RESULTS

Patient Characteristics

Median follow-up for the 306 patients alive at last follow-up is 8.9 years (range; 0.67–12.6 

years) and 88% of patients have been followed for at least 5 years. The patient 

characteristics of the 343 patients who did not experience a failure while on chemotherapy 

are listed in Table III.

Overall Outcomes

Eight-year EFS and OS for all 363 patients were 78.2±2.6% and 83.9±2.4% respectively. 

Eight-year EFS was 74.9±3.8% and 81.6±3.6% for treatment regimen A and B, respectively. 

Eight-year overall survival was 81.9±3.4% and 86.0±3.3% for treatment regimen A and B, 

respectively. There were no statistically significant differences in EFS based on age, gender 

or treatment regimen (P=0.80, 0.30, and 0.19, respectively).

Treatment related toxicities for patients enrolled on this study have been previously reported 

[4]. Grade 3/4 objective hearing loss was noted in 86 (24%) of the 358 patients with 

sufficient hearing evaluation data. Of the 343 patients who did not experience any failure 

while on chemotherapy, two patients did not have sufficient hearing evaluation data. Grade 

3/4 objective hearing loss for the remaining patients in each of the four groups categorized 

by cumulative cisplatin dose is listed in Table III. There was no significant association 

between hearing loss and gender or treatment regimen. However, age was found to be a 
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significant factor (P=0.046) with grade 3/4 objective hearing loss observed more frequently 

in younger children.

Cumulative Cisplatin Dose and Survival Outcomes

The protocol specified maximum cumulative cisplatin dose was 600 mg/m2 (75 mg/m2 per 

cycle for 8 cycles). Only 73 patients received the maximum cumulative cisplatin dose. This 

was mainly due to mandated dose reductions secondary to cisplatin related toxicities. Cox 

proportional hazards model showed that cumulative cisplatin dose as a time-dependent 

covariate was not associated with EFS (hazard ratio: 0.96 (0.82–1.10) with a P-value of 

0.54) or OS (hazard ratio: 0.875 (0.74–1.03) with a P-value of 0.11).

Of the 363 patients, 20 patients experienced a failure while on chemotherapy which included 

relapse (n=17) and death without relapse (n=3). The median cumulative cisplatin dose for 

the 343 patients who did not experience a failure while on chemotherapy was 487.5 mg/m2. 

These patients were further categorized into four groups based on the cumulative cisplatin 

dose received. There were no statistically significant differences in EFS (P=0.53, Fig. 1A) or 

OS (P=0.49, Fig. 1B) among these four groups after stratifying for treatment regimen.

Similarly, if the analysis is restricted to the subset of these 343 patients who had centrally 

reviewed imaging scans (n=303), there is no statistically significant differences in 

distributions of EFS (P=0.33) or OS (P=0.23) among the four groups after stratifying for 

treatment regimen. The 40 excluded patients had imaging scans that were incomplete or not 

adequate for central review.

DISCUSSION

The survival rates of medulloblastoma continue to improve as therapeutic modalities have 

progressed over the years. This has led to multiple pediatric brain tumors survivor studies 

which underscore the negative impact of specific aspects of treatment and the significant 

risk of acute and long-term morbidity that medulloblastoma survivors experience [7,14]. 

With improving survival rates a major goal is to attempt minimizing therapy related acute 

and long-term toxicity sequelae which can impair quality of life, academic performance and 

socioeconomic status.

Cisplatin is one of the most active chemotherapy agents in the treatment of 

medulloblastoma, especially when used in combination with vincristine and lomustine 

[15,16]. One of the limitations of cisplatin is the associated ototoxicity. Cisplatin causes 

dose-dependent cochlear damage [17] which results in hearing loss at higher frequencies 

which progressively affects hearing at lower frequencies. Sixty percent of children treated 

with cisplatin develop permanent bilateral hearing loss [18,19] and the incidence and 

severity is thought to be dose-dependent [17] and is higher in younger children [9] and 

children who received prior radiation therapy [20]. In our study about one quarter of patients 

had developed grade 3/4 ototoxicty and younger age was associated with greater incidence 

and severity of hearing loss. In order to limit the toxicity, mandated audiometric evaluations 

before and during treatment and strict mandated dose-reductions based on toxicity are 

currently followed. The dose of cisplatin required in the treatment of medulloblastoma is not 
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known and this is the first study that has been undertaken to evaluate the association 

between cumulative cisplatin dose and EFS and OS in patients with newly diagnosed 

average-risk medulloblastoma.

This study shows that the cumulative cisplatin dose is not associated with EFS or OS. Only 

about 20% of patients received the maximum cisplatin dose of 600 mg/m2. When patients 

were categorized based on the cumulative cisplatin dose received there were no significant 

differences in the survival outcomes among the four dose groups. These results suggest that 

lower doses of cisplatin can be used in the treatment of medulloblastoma without affecting 

survival outcomes. Given the very small number of patients who received <300 mg/m2, it is 

hard to assess the effect of cumulative cisplatin dose in those dose groups. However, one 

third of this cohort received between 301 and 450 mg/m2 of cumulative cisplatin dose and 

their overall survival did not differ from those who received more than 450 mg/m2. These 

results are reinforced by those from another prospective, multicenter study (St. Jude 

Medulloblastoma-96) utilizing risk-adapted radiotherapy followed by a cisplatin containing 

dose intense chemotherapy regimen with peripheral stem cell rescue which showed a 5 year 

overall and event free survival of 85% (95% CI 75–94) and 83% (95% CI 73–93), 

respectively, in patients with newly diagnosed average-risk medulloblastoma. The protocol 

specified cumulative cisplatin dose was 300 mg/m2 in their study [5] with the cumulative 

dose of cyclophosphamide similar to the treatment Regimen B of this study.

Thus, based on our study results and currently available literature, dosing between 300 and 

450 mg/m2 of cisplatin seems a reasonable dose for future medulloblastoma clinical trials. 

The cumulative cisplatin dose used in the current Children's Oncology Group Phase III 

study for patients with newly diagnosed average-risk medulloblastoma is 450 mg/m2. Also, 

this study is looking at reduction in the radiation dose to the cochlea as an additional 

approach to reducing the rate of severe hearing loss. Given the results of this study, more 

stringent guidelines for reduction or discontinuation of cisplatin, if any significant 

ototoxicity is encountered, seems warranted. There should be strict audiometric surveillance 

during treatment and discontinuation of cisplatin for any grade 3 or 4 ototoxicity should be 

strongly considered. In addition, at higher frequencies, any hearing loss greater than 20 

decibels, should likely result in cisplatin dose reduction.

Additional approaches that are being evaluated include the addition of otoprotective agents 

such as sodium thiosulfate and amifostine which may help prevent ototoxicity while 

allowing us to use these chemotherapy agents for their antitumor activity [19,21]. A recent 

prospective study showed that the incidence of severe hearing toxicity was significantly 

reduced in average-risk medulloblastoma patients treated with Amifostine pre and at hour 3 

of a 6 hour cisplatin infusion (35% incidence rate in the control group vs. 17% in the 

amifostine treated group; P=0.048) [21].

Several pharmacogenomics studies have identified genetic polymorphisms that maybe 

associated with cisplatin induced ototoxicity. Genetic polymorphisms in genes encoding 

glutathione S-transferases [22] and megalin [23] and more recently, genetic variants in 

TPMT (thiopurine S-methyltransferase) and COMT (catechol-O-methyl transferase) [24] are 

thought to be associated with cisplatin induced ototoxicity. Identification of such genetic 
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polymorphisms may potentially improve long-term outcomes by helping identify patients at 

risk for cisplatin induced ototoxicity and incorporating earlier dose stoppage or reduction 

rules.

Current advances in molecular biology continue to enhance our understanding of 

medulloblastoma [25]. Identification of molecular subgroups may also help us better stratify 

medulloblastoma and may potentially allow us to modify current treatment modalities and 

thus help improve survival and help reduce long-term msorbidity.
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Fig. 1. 
A: Event-free survival and (B) overall survival by cumulative cisplatin dose for patients 

without relapse or death while on chemotherapy. Pediatr Blood Cancer DOI 10.1002/pbc

Rao et al. Page 9

Pediatr Blood Cancer. Author manuscript; available in PMC 2015 October 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rao et al. Page 10

TABLE I

Treatment Regimens

Regimen Drugs (8 cycles) Dose

Regimen A

    Day 0 CCNU 75 mg/m2

    Day 0 Cisplatin 75 mg/m2

    Day 0, 7, 14 VCR 1.5 mg/m2; max 2 mg

Regimen B

    Day 0 Cisplatin 75 mg/m2

    Day 0, 7, 14 VCR 1.5 mg/m2; max 2 mg

    Day 21, 22 Cyclophosphamide 1 gm/m2

CCNU, lomustine; VCR, vincristine; max, maximum.
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TABLE II

Children's Cancer Group Toxicity and Complications Criteria

Grade 1 (mild) Grade 2 (moderate) Grade 3 (severe) Grade 4 (unacceptable)

Hearing loss

    Objective 20–40 db loss >4 kHz >40 db loss >4 kHz >40 db loss 2 kHz >40 db loss <2 kHz

    Subjective Loss on audiometry only Tinnitus, soft speech Loss correctable with hearing aid Deafness not correctable

Creatinine clearance 75% 50–74% 25–49% <25%
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TABLE III

Patient Demographics and Treatment Characteristics

Cummulative cisplatin dose group
a

Characteristic 75–150 mg/m2 (n = 10) 151–300 mg/m2 (n = 26) 301–450 mg/m2 (n=113) 451–600 mg/m2 (n = 194)

Sex

    Male 7 (70) 11 (42) 62 (55) 122 (63)

    Female 3 (30) 15 (58) 51 (45) 72 (37)

Race and ethnicity

    White 8 (80) 22 (84) 96 (85) 147 (76)

    Hispanic 1 (10) 1 (4) 7 (6) 24 (12)

    Black 0 (0) 1 (4) 3 (2.5) 14 (7)

    Other 1 (10) 2 (8) 4 (4) 7 (4)

    Unknown 0 (0) 0 (0) 3 (2.5) 2 (1)

Age (years)

    3–4 2 (20) 3 (11.5) 24 (21) 26 (14)

    5–9 3 (30) 14 (54) 52 (46) 107 (55)

    10–14 5 (50) 6 (23) 30 (27) 49 (25)

    15–19 0 (0) 3 (11.5) 7 (6) 12 (6)

Treatment regimen

    Regimen A 3 (30) 16 (62) 57 (50) 97 (50)

    Regimen B 7 (70) 10 (38) 56 (50) 97 (50)

Grade 3/4 objective hearing 
loss

3/8 patients (38) 14/26 patients (54) 40/113 patients (35) 28/194 patients (14)

Values are number (percentage) unless otherwise specified.

a
For 343 patients who did not experience a failure while on chemotherapy.
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