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Abstract

Objectives—To assess the long-term outcomes and objective response to pre-radiation 

chemotherapy and radiation in adult high-risk medulloblastoma.

Methods—In this prospective phase II trial, adults with high-risk medulloblastoma were treated 

with three cycles of pre-radiation cisplatin, etoposide, cyclophosphamide, and vincristine followed 

by craniospinal radiation (CSI). Objective response (OR), progression free survival (PFS), overall 

survival (OS), and toxicities were assessed.

Results—Eleven patients were enrolled over a 6 year period. Six (55%) had subarachnoid 

metastases. Two (18%) had an OR to pre-radiation chemotherapy. Two (18%) progressed while on 

chemotherapy. Completion of CSI was not compromised. The OR rate after chemotherapy and 

radiation was 45 % (5/11). Non-evaluable patients at both time points weakened the response data 

conclusions. Median PFS was 43.8 months. Five year PFS was 27%. Five year OS was 55%. Non-

metastatic (M0) and metastatic (M+) patients had similar outcomes.

Conclusions—The OR to this pre-radiation chemotherapy regimen is lower than anticipated 

from the adult and pediatric literature raising a question about comparative efficacy of 

chemotherapy in different age groups. The OS achieved is similar to retrospective adult series, but 

worse than pediatric outcomes. Although this regimen can be administered without compromising 
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delivery of CSI, our results do not provide support for the use of this neoadjuvant chemotherapy 

for adult medulloblastoma.
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Introduction

Medulloblastoma in adults is rare, with an incidence of 0.5 per million per year.1 As a result, 

treatment strategies for adults with medulloblastoma are largely inferred from pediatric 

results. Prospective pediatric trials have established that gross residual disease at the primary 

tumor site after surgery and evidence of dissemination are independent negative prognostic 

factors. Disease staging for adults using similar criteria appears to have prognostic 

significance, distinguishing between standard- and high-risk groups, although not all reports 

confirm this observation, particularly with long-term follow-up.2,3,4,5 The addition of 

adjuvant chemotherapy for children with high risk medulloblastoma improves progression-

free survival (PFS) and overall survival (OS).6,7,8 This strategy has frequently been applied 

in adult patients, but without prospective controlled trial evidence.

In recent years the molecular classification of medulloblastoma has advanced greatly and 

provided new insights into biological similarities and differences between pediatric and adult 

medulloblastoma.9,10,11,12,13 The issue of therapeutic inferences for adult medulloblastoma 

from pediatric results is becoming increasingly complex as the role of molecular subgroups 

in risk stratification increases.12,13 Since the ability to perform large-scale randomized 

clinical trials for adult medulloblastoma is hampered by small patient numbers, execution of 

smaller trials with fewer patients, generally using historical controls and often including 

comparison with pediatric medulloblastoma patients represents a possible “screening” 

strategy for various regimens.

E4397 was a phase II trial of pre-radiation chemotherapy for high-risk medulloblastoma in 

adults based closely on a pediatric regimen which included cisplatin (CDDP), etoposide 

(Etop), cyclophosphamide (Cyclo), and vincristine (Vcr) monthly for three cycles, followed 

by CSI.14,15,16 The primary aim of E4397 was to evaluate the objective response rate (OR) 

after pre-radiation chemotherapy and after completion of radiation. The secondary objectives 

were to evaluate progression free survival (PFS), overall survival (OS), and toxicities. This 

study was undertaken by the Eastern Cooperative Oncology Group (ECOG-ACRIN) and 

Southwestern Oncology Group (SWOG).

Materials and Methods

Patients greater than 18 years of age with histologically verified, newly diagnosed 

medulloblastoma with high-risk characteristics, defined as either > 1.0 cm2 residual tumor at 

the primary site after surgery, or evidence of subarachnoid dissemination (M+) were eligible 

for this study and are included in this report. Patients with supratentorial PNET and 

ependymoma with subarachnoid dissemination were also eligible and are summarized in the 

Appendix. (See Supplemental Material)
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Initial staging included brain MRI obtained within 48 hours post-operatively to assess 

residual disease. MRI of the entire spine and CSF cytology were obtained following surgery 

prior to enrollment. All MRI scans were performed without and with gadolinium contrast. 

Imaging results were reported based on local interpretation.

Patients were required to have a stable corticosteroid dosage, no midline shift greater than 1 

cm, and no intracranial pressure elevation. ECOG performance status could be 0 – 2. 

Adequate hematologic parameters (WBC > 4,000/mm3, platelets > 125,000/mm3, Hgb > 

10gm) , no clinically significant serum chemistry abnormalities, liver enzymes < 2x normal, 

creatinine clearance >70 ml/min, and no history of pulmonary disease or DlCO > 60% 

predicted were required. No prior treatment with radiation or chemotherapy was allowed. 

Enrollment was to be between 10 and 21 days post surgery. Institutional IRB approval and 

informed consent were required.

The chemotherapy plan utilized three 28 day cycles including: 1) CDDP 70 mg/m2 on day 

1; 2) Etop 70 mg/m2 on days 1,2, and 3; 3) Cyclo 700 mg/m2 on days 2 and 3; and 4) Vcr 

1.5 mg/m2 (maximum 2.0 mg) on days 1 and 14 of each cycle. Mesna, 70 mg/m2 bolus 

followed by 700 mg/m2 by continuous infusion over 24 hours following Cyclo was given. 

All patients received GCSF, 300 mcg per day for 10 days following each cycle. ( Figure 1)

CSI began four weeks following completion of chemotherapy. The radiation plan called for 

54 Gy to the primary site and 36 Gy as the craniospinal dose with boosts to sites of obvious 

metastatic disease. A daily fraction size of 1.8 Gy was used for all sites.

Assessment of Response and Toxicity

For assessment of response to treatment, the brain MRI was repeated on day 28 of cycles 1 

and 2 of chemotherapy, and the spine MRI was repeated if initially positive. Brain and total 

spine MRI were repeated prior to the start of radiation. Brain MRI was performed following 

the completion of radiation, then every 3 months for 2 years from study entry, then every 6 

months for 5 years from study entry, and then annually. Total spine MRI was performed on 

the same schedule if it had ever been positive, or on a yearly basis. CSF cytology was 

obtained prior to the first cycle of chemotherapy, just prior to radiation, and at completion of 

radiation. Subsequent CSF testing was performed if new symptoms or radiographic changes 

occurred.

Assessments of the patient’s overall health, history and physical exam, neurological exam, 

and performance status were performed at baseline, day 28 of chemotherapy cycles 1 and 2, 

prior to radiation therapy, at completion of radiation therapy, every 3 months until 2 years 

from study entry, every 6 months until 5 years from study entry, and then annually. 

Hematologic evaluations were obtained at baseline, weekly during chemotherapy, prior to 

radiation therapy, at completion of radiation therapy, every 3 months until 1 year from study 

entry, then annually. Audiograms were performed prior to treatment and repeated only if 

grade 2 or greater tinnitus or hearing loss were reported.

Complete response (CR) was defined as disappearance of all disease demonstrated by MRI 

and negative CSF cytology. Persistence of small areas of T2 hyper-intensity without contrast 
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enhancement at the primary tumor site, persistent meningeal enhancement at the operative 

site, or smooth diffuse dural enhancement were not scored as residual disease. Patients must 

have been off steroids, and response must have been sustained for > 4 weeks. Partial 
response (PR) was a decrease of at least 50% in the sum of the cross-section products of all 

measurable lesions. Steroid dose must have been stable or decreasing. Stable disease (SD) 

was no change, an increase of <25%, or a decrease of <50% in all measurable lesions, 

persistently negative cytology, and no new areas of meningeal enhancement. Progressive 
disease (PD) was an increase of >25% in any measurable lesion, the development of new 

lesions, either parenchymal or meningeal. The demonstration of persistently positive or 

newly positive CSF cytology following chemotherapy was considered PD.

New focal meningeal or subependymal enhancement demonstrated by MR scanning was 

considered evidence of PD even though those lesions were not often measurable. Diffuse 

dural enhancement in the absence of positive cytology or progressive clinical symptoms was 

not considered PD.

Toxicity summaries include all medulloblastoma patients who began protocol treatment. 

CTC version 2.0 was used.

Statistical Methods

The primary endpoint was to estimate the OR (CR + PR). Secondary endpoints included five 

year PFS and OS. Planned accrual was thirty-three patients. A stopping rule would have 

halted accrual if ≥7 of the first 10 patients were unable to complete 2 cycles of 

chemotherapy. PFS was defined as time from date of registration to evidence of progressive 

disease or death without progressive disease. Patients without evidence of progression were 

censored at the date last known to be free of progression. OS was defined as time from 

registration to death from any cause. Patients alive at time of current analysis were censored 

at the date last known to be alive. The Kaplan-Meier method was used to estimate PFS and 

survival distributions. Confidence intervals (CI) for median PFS and survival were 

calculated using the method of Brookmeyer and Crowley.17,18

Results

Patient Accrual

E4397 opened in July 1998 and closed in September 2004. Eleven medulloblastoma patients 

were enrolled for an accrual rate of 1.8 patients per year. The diagnosis of medulloblastoma 

was confirmed by central pathology review in 8 of 11 cases. The median age was 35 years 

with a range from 21 to 39 years (Table 1). Six of 11 patients (55%) were M+. The study 

was open at many ECOG and SWOG institutions however only ten institutions enrolled 

patients, and only three enrolled more than one patient. The study was closed primarily due 

to slow accrual.

Treatment Parameters

Eighty-two percent (9/11) of the medulloblastoma patients had a major resection. Two 

patients had biopsy only.
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Ninety-one percent (10/11) of the medulloblastoma patients completed chemotherapy. One 

patient progressed after two cycles, and one progressed after the third cycle but prior to 

radiation.

Eighty-two percent (9/11) of the medulloblastoma patients completed CSI. One refused 

treatment beyond the 3 cycles of chemotherapy and 1 died just prior to RT from an acute 

cardiopulmonary event. Median primary tumor dose was 54 Gy (range 54.0 to 54.6). Median 

craniospinal dose was 36 Gy (range 36 to 45). Median interval from surgery to the start of 

radiation was 17.7 weeks (range 14.8 to 21.4). The median duration of RT was 6.5 weeks 

(range 5.0 to 7.0).

Toxicities

The pattern of toxicities was as anticipated from prior experience with this chemotherapy 

regimen and CSI.15,16,19 ( Table 2) Among 11 medulloblastoma patients six experienced 

grade 3 toxicities and four experienced grade 4 toxicities. These were predominantly 

hematologic toxicities, fatigue, nausea, vomiting, and anorexia. Two patients experienced 

fever or infection while neutropenic. Two patients experienced grade 4 radiation dermatitis. 

Minor electrolyte alterations were common but rarely significant. One patient experienced 

transient grade 4 renal toxicity. Two patients had mild hearing loss. One death occurred 

during treatment, but was not considered treatment related. This was suspected to be from a 

pulmonary embolus.

Response Assessment

The OR at conclusion of chemotherapy for the 11 medulloblastoma patients was 18% (2/11) 

(.95CI:2.2%-51.7% ), with 1 CR and 1 PR. In three patients disease stabilized. Progression 

prior to starting radiation was observed in 18% (2/11). Four patients were not evaluable for 

response at the conclusion of chemotherapy including one on steroids, one who refused a 

spinal tap, one whose follow-up was by CT, and one with incomplete information.

OR at completion of chemotherapy and radiation was 45% (5/11) (.95CI:16.7%–76.2% ). 

Twenty-seven percent (3/11) achieved a CR, and 18% (2/11) achieved a PR. In 18% (2/11) 

disease stabilized. PD was seen in 9% (1/11). Three patients were not evaluable for response 

at the completion of all therapy including one patient who refused a spinal tap to confirm 

CR, one whose follow-up was by CT, and one with incomplete information.

Outcome

At the time of analysis the median follow up was 63 months. Median PFS was 43.8 months 

(95% CI:2.0-73+ (upper limit not reached as last patient censored at 71.3 months). Five of 

11 patients have died. Median survival has not been reached. Five year OS was 55% and 

PFS was 27% (Figure 2). Median PFS was 41.2 months for the five M0 patients, and 59.3 

months for six M+ patients. Five year OS was 60% and PFS 20% for M0 patients versus 

50% OS and 30% PFS for M+ patients.
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Discussion

The SEER database of all medulloblastoma patients greater than 18 years of age shows 5- 

and 10-year survival rates of 64 and 50%, with a 10.6 year median survival.20,21 In series 

reporting long-term outcome for adults with high-risk disease the 5-year PFS ranges from 38 

to 61% and 5-year OS ranges from 54 to 69%.2,4,22 The 5-year PFS of 27% observed in 

E4397 is lower than that reported in the literature. The 5-year OS of 55% in these 11 high 

risk patients is similar to those reports. Our results do not suggest an advantage in long-term 

outcome with this pre-radiation chemotherapy regimen. M+ patients do worse than M0 

patients in most, but not all reports.13,22,23,24 In E4397 there was little difference in outcome 

between the M0 and M+ patients.

The chemotherapy response rate (OR) of 18% suggests a lower chemotherapy efficacy than 

had been anticipated from prior adult reports. However, this conclusion is limited by the 

small number of patients, including the fact that 4 patients were not evaluable for response at 

completion of chemotherapy. Galanis reported an 85% OR for adult patients using platinum-

based regimens assessed retrospectively, many of whom were treated at recurrence.23 The 

sparse response data regarding upfront chemotherapy for high-risk medulloblastoma in the 

adult literature, totaling 12 patients, suggest an OR of greater than 50%.24,25

In pediatric phase II and III trials utilizing pre-radiation chemotherapy, response rates range 

from 29 to 74%. Progression prior to radiation is typically observed in about 20%, with 

reports ranging from 0 to 38%.8,14,15,26,27,28,29,30,31,32,33 The OR is lower and progression 

prior to radiation more likely in M+ children.27,28,29 Three pediatric randomized trials for 

high-risk medulloblastoma patients using pre-radiation CDDP/Cyclo-containing regimens, 

followed by CSI and maintenance chemotherapy, two of which were reported while E4397 

was underway, did not demonstrate improved OS.8,29,30,32 The best results reported for 

pediatric high-risk medulloblastoma patients were achieved by Packer using CSI with 

concurrent Vcr and post-radiation CCNU, CDDP, and Vcr. The 5-year PFS was 85%, with 

M0 patients faring better than M+ patients.34 This regimen has not been as successful or as 

well tolerated in adults.23,24 Jakacki observed a 80% 5 year OS and 66% PFS for M+ 

children treated with carboplatin and vincristine concurrent with Cr-Sp RT, followed by 

maintenance chemotherapy.35

The only other prospective adult medulloblastoma trial was reported by Brandes, et al and 

included a total of 36 patients, of whom 26 had high-risk disease. They observed a 5-year 

OS of 73% and a 5-year PFS of 69% for high-risk patients.4,36 That cohort had a slightly 

shorter interval from surgery to radiation than in E4397 (13.9 vs 17.7 weeks), and risk 

categorization was not identical to E4397, using residual disease of >1.5 cm2 or M+ staging. 

The percentage of M+ patients in the Brandes trial was 60% and in E4397 was 55%. Thus 

the difference in results does not relate to the percentage of M+ patients. Of note, after a 

median follow-up of 7.6 years, M status and residual disease after surgery did not have a 

significant effect on PFS or OS, and the difference in outcome between low- and high-risk 

patients was no longer significant. This was attributed to late recurrences in the low-risk 

group.4,36
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E4397 confirms the feasibility of delivering moderately intensive multi-agent chemotherapy 

prior to CSI without altering the planned radiation schedule. The median duration of 

radiation was 6.5 weeks. A more protracted radiation course has been associated with worse 

outcome.37 Delays in starting RT have been associated with poorer outcome in pediatric 

trials.8,28,29,30 In E4397 the median duration from surgery to initiation of radiation was 

17.7weeks (range 14.8 to 21.4).

Conclusions drawn from E4397 are limited by small patient numbers, an inherent problem 

of looking at a subgroup of patients in an already rare disease. Multi-institutional studies are 

critical for trials of rare cancers, and the cooperative group setting is well-suited for this. 

E4397 was open at many ECOG-ACRIN and SWOG institutions, however only 10 accrued 

patients and most accrued only one patient. The rate of enrollment was 1.8 patients per year. 

The trial by Brandes et al. enrolled 2.16 high-risk medulloblastoma patients per year.4 At the 

institutional and the cooperative group level that accrual rate is too low to offset efforts 

required to maintain the study. These pressures contributed to the closure of E4397. One 

practical solution would be to utilize only institutions demonstrating a history of treating a 

set minimum number of patients per year who fit the eligibility criteria. Using a 

multinational intergroup format may also facilitate better accrual. Small patient numbers 

also magnify the effect of patient inevaluability for endpoints such as OR, and subsequent 

conclusions are weakened as a result. However, assessing response rates using only 

evaluable patients inappropriately inflates the OR. Promoting better accrual and requiring 

central review of response are two ways to improve future trials.

Evolution of therapies also has an impact on accrual to trials for rare diseases. Maintaining 

studies over extended periods often fails to keep up with evolving trends and newer 

therapies. This led to a substantial revision in the protocol utilized by Brandes et al.36 

Similarly, the publication of negative neoadjuvant pediatric medulloblastoma trials while 

E4397 was in progress was another influential factor in the decision to close E4397.8,29

Given the paucity of outcome data in adult medulloblastoma, comparing the results of 

E4397 with those of the pediatric trials is valuable. However a number of issues that limit 

these comparisons deserve special attention including biological differences in the 

neoplasms of these two age groups, study design issues, and treatment differences. In regard 

to biological differences Group 3 and Group 4 have the poorest prognosis, 40% and 75% 5 

years survival respectively, and both tend to metastasize. Group 3 is rare in adults, while 

Group 4 accounts for 25%. Of the more favorable subgroups WNT comprises 15% and SHH 

60% of adult patients.9,13,38 Group 3 and Group 4 are likely overrepresented in high risk 

cohorts such as that of our trial. However, E4397 antedated the current molecular 

characterization of medulloblastoma, and unfortunately we are unable to retroactively assess 

these molecular characteristics.

Regarding trial design, clinical criteria for risk stratification are fundamental to 

medulloblastoma trials. At the time of development of E4397 the significance of residual 

disease was still being assessed with mixed reports in the early 1990s regarding its 

prognostic significance. In 1997 Albright published data now considered the consensus 

standard, indicating that residual disease > 1.5 cm2 assessed by CT or MRI was associated 
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with higher risk of recurrence.8,39 Although our criteria for high-risk differed slightly from 

that standard, the use of a smaller cutoff (> 1.0 cm2) for post-operative residual disease does 

not appear to have biased the results towards a more favorable outcome. A recent 

observational report of adult patients with nonmetastatic medulloblastoma reported that 

patients with any residual tumor fared more poorly than those without.40 This issue 

continues to generate discussion as residual tumor was not a predictor of outcome in long-

term follow-up by Brandes, et al.4,13

Another important design issue relevant to the pediatric-adult comparison is chemotherapy 

dosing. The dosing used in E4397 was lower than that used in pediatric trials of similar 

regimens by 30% for cisplatin, cyclophosphamide and etoposide. This was based on single 

institution experience that included children and adults using this regimen.15,16 While 

dosing differences weaken comparisons between the different age groups, the need for dose 

modification in adults is well known. Greenburg, et al. observed greater toxicities in adults 

treated with pediatric medulloblastoma chemotherapy protocols.24 Dose reductions are 

commonly required in both pediatric and adult post-radiation maintenance chemotherapy.
34,40 Notably, the incidence of ototoxicity in E4397 was much lower than that seen in trials 

using post-radiation cisplatin. The incidence of neuropathy, largely attributed to vincristine, 

was also much lower.40

Even with these limitations the current trends in adult medulloblastoma therapy continue to 

be based heavily on inference from pediatric observations. For example, the use of lower 

dose CSI and adjuvant chemotherapy for standard risk adult medulloblastoma patients is 

now common despite the lack of validation in adults.41 To the extent that E4397 suggests a 

lower efficacy for chemotherapy in adults, these inferences must be made in a qualified 

manner.

Conclusions

E4397 demonstrates prospectively the feasibility and safety of moderately intensive pre-

radiation chemotherapy for adults with high-risk medulloblastoma. This sequence of therapy 

did not interfere with completing CSI. The OS observed in E4397 is comparable with other 

reports for adult high risk medulloblastoma, however our results do not indicate a 

therapeutic advantage in utilizing this pre-radiation chemotherapy, although the incidence of 

ototoxicity and neuropathy was less. The percentage of M+ patients is higher in this trial and 

in the prospective trial by Brandes et. al. than in retrospective reports. However, there was 

little difference in outcome between M+ and M0 patients in our cohort. Viewed in 

conjunction with negative trials of pre-radiation chemotherapy in pediatric medulloblastoma, 

the standard sequence of CSI, typically including concurrent chemotherapy and post-

radiation chemotherapy is favored for adult high-risk medulloblastoma patients; a 

recommendation still largely derived by inference from pediatric recommendations.

Although small patient numbers and the presence of inevaluable patients limit our 

conclusions, the comparatively low OR to pre-radiation chemotherapy raises an important 

question about the efficacy of chemotherapy in adult high risk medulloblastoma, thus raising 

Moots et al. Page 8

Am J Clin Oncol. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



concern about the validity of inferences from the pediatric experience to the management of 

adult medulloblastoma.

Despite the difficulties in completing trials in medulloblastoma, the value of these trials is 

increasing as we achieve a better understanding of the biological differences between 

pediatric and adult medulloblastoma. While biologically based risk-adapted treatments of 

pediatric medulloblastoma will continue to inform us on new directions for adult 

medulloblastoma, adult trials are necessary. The strong relation between targetable 

molecular abnormalities, for example SHH pathway abnormalities, and adult 

medulloblastoma requires that new trials include detailed molecular profiling and evaluate 

targeted therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
E4397 CHEMOTHERAPY REGIMEN

The treatment plan used in E4397 included three cycles of pre-radiation chemotherapy 

delivered at four week intervals. This was followed by radiation to a dose of 54 Gy to the 

primary tumor site and 36 Gy to the craniospinal axis, delivered in daily fractions of 1.8 Gy. 

Sites of obvious metastatic disease received an additional radiation boost.
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Figure 2. 
Assessment of outcome in E4397 at a median follow-up of 63 months demonstrates a 

median PFS of 43.8 months (95%CI: 2.0-73+ (upper limit not reached as last patient 

censored at 71.3 months)), and a 5 year PFS of 27%. Median survival has not been reached. 

The 5 year OS is 55%.

Moots et al. Page 13

Am J Clin Oncol. Author manuscript; available in PMC 2019 June 01.

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

Moots et al. Page 14

Table 1

PATIENT CHARACTERISTICS

N = 11 (%)

Gender

 Female 6 (55)

 Male 5 (45)

Race

 White 10 (91)

 Other 1 (9)

Age

 Minimum 21

 25th percentile 23

 Median 35

 75th percentile 39

 Maximum 39

ECOG Performance Status

 (0) Fully Active 5 (45)

 (1) Ambulatory 3 (27)

 (2) Self care, but not work 3 (27)

Surgery

 Biopsy only 2 (18)

 Resection 9 (82)

Metastases

 M0 5 (45)

 M+ 6 (55)
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