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Abstract

Background: Approximately 30% of children with medulloblastoma (MB) experience

recurrence, which is usually incurable. This study compared the overall survival (OS)

of patients receiving temozolomide (TMZ) and irinotecan with that of patients receiv-

ing TMZ, irinotecan, and bevacizumab for recurrentMB/central nervous system (CNS)

primitive neuroectodermal tumor (PNET).

Methods: Patientswith relapsed/refractoryMBorCNSPNETwere randomly assigned

to receive TMZ (150 mg/m2/day PO on days 1–5) and irinotecan (50 mg/m2/day IV on

days 1–5) with or without bevacizumab (10mg/kg IV on days 1 and 15).

Results: One hundred five patients were eligible and treated on study. Median OS

was 13 months in the standard arm and 19 months with the addition of bevacizumab;

median event-free survival (EFS) was 6months in the standard arm and 9months with

the addition of bevacizumab. The hazard ratio for death from the stratified relative-

risk regression model is 0.63. Overall, 23 patients completed 12 courses of planned

protocol therapy, 23% (12/52) in the experimental arm with bevacizumab versus 21%

(11/53) in the standard arm. Toxicity profileswere comparable in both treatment arms.

The estimate of the incidence of feasibility events associated with the bevacizumab

arm is three of 52 (5.8%) (95% CI 1.2–16%). Events included myelosuppression, elec-

trolyte abnormalities, diarrhea, and elevated transaminases. One intracranial hemor-

rhage event was observed in each arm.

Conclusion: The addition of bevacizumab to TMZ/irinotecan significantly reduced the

risk of death in children with recurrentMB. The combination was relatively well toler-

ated in this heavily pretreated cohort. The three-drug regimen demonstrated a suffi-

cient risk reduction to warrant further investigation.
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1 INTRODUCTION

Medulloblastoma (MB) is a general classification for what has been

proven to be a heterogeneous group of malignant embryonal brain

tumors in the posterior fossa.1–4 Prior to the 2016 WHO reclassifica-

tion of pediatric brain tumors, the term central nervous system (CNS)

primitive neuroectodermal tumor (PNET) was used to describe other

highly aggressive embryonal tumors. Historically, MB and CNS PNET

patients were treated in the same way and often enrolled on the same

clinical trials based on prior disease classification systems. While the

WHOclassification has evolved, data from clinical trials thatwere initi-

ated prior to 2016 can still yield important information about treating

these tumors.

Despite aggressive therapy including surgery and chemotherapy

with or without radiation, approximately 30% of children with MB

experience recurrence.Curative therapy for recurrentMBremainselu-

sive. Strategies have ranged from palliative care alone to any combi-

nation of aggressive surgical resection, re-irradiation, and chemother-

apy including high-dose chemotherapy with stem-cell rescue.5,6 While

tumor-directed therapy at recurrence seems to improve overall sur-

vival (OS) compared to palliation alone, long-term survival in most

studies remains less than 10%.7–12 Clearly, improved treatment strate-

gies for recurrent MB are needed, and those regimens with utility in

the recurrent setting could be considered for use in newly diagnosed

patients.

Temozolomide (TMZ) is an orally administered alkylating agent

of the imidazotetrazine derivatives with excellent CNS penetration.

Phase II studies have shown variable response rates of 16–47% in chil-

dren and adolescents with recurrent MBs or CNS PNET.11,13 Irinote-

can is a water-soluble camptothecin derivative that inhibits topoiso-

merase I (topo I), an enzyme involved in DNA repair, transcription, and

replication.14,15 Irinotecan has been shown to have single-agent activ-

ity against recurrent MBs.16–18 There is demonstrated efficacy of the

combination of irinotecan andTMZ in patientswith recurrentMB/CNS

PNET.19 Bevacizumab is a humanized monoclonal neutralizing anti-

body binding all five isoforms of human vascular endothelial growth

factor (VEGF). CNS tumors in general, and MB specifically, are poten-

tially excellent targets for antiangiogenic therapy, given the presence

of tumor neo-vascularization and angiogenic profile.20–25

In summary, irinotecan and TMZ have activity against recurrent

MB/PNET, the combination has been well tolerated in heavily pre-

treated patients,26,27 and the addition of bevacizumab theoretically

may increase the efficacy of chemotherapy.28–35 Therefore, a Phase

II36 trial evaluating the addition of bevacizumab to the combination of

irinotecan and TMZ inMBandCNSPNET of childhoodwas performed.

2 PATIENTS AND METHODS

Children’s Oncology Group (COG) ACNS0821, approved by the

National Cancer Institute (NCI) Central Institutional Review Board

(CIRB) and the IRB’s of participating sites, was a randomized Phase

II screening trial36 to compare TMZ (150 mg/m2 PO for 5 days) with

irinotecan (50 mg/m2 IV for 5 days) to TMZ, irinotecan plus beva-

cizumab (10 mg/kg IV on days 1 and 15) in children with recurrent

MB or CNS PNET including pineoblastoma (Figure 1). Each course was

repeated every 28 days for up to 12 courses for patients continuing on

protocol therapy as long as therapywas tolerated and therewas no evi-

dence of further disease progression.

Patients less than 21 years who had relapsed or become refrac-

tory to standard chemotherapy were eligible to enroll. Patients were

required to have received at least one and atmost two relapses prior to

enrollment, and patients with primary refractory disease were eligible.

Prior radiationwas acceptable but not required. Histologic verification

of the malignancy at original diagnosis or at the time of recurrence

was required as was clear residual disease. Organ function parame-

ters andbonemarrow recovery fromprior tumor-directed therapywas

required prior to enrollment. At initiation of the trial, residual disease

suitable for enrollment was defined as tumor that was measurable in

two perpendicular diameters on magnetic resonance imaging (MRI).

There was a subsequent protocol amendment to allow enrollment of

patients with diffuse leptomeningeal disease or clear MRI evidence

of disease that may not be measurable in two perpendicular diame-

ters. MRI interpretation was performed at each treating institution

and reported according to the modified RECIST criteria37 as per COG

guidelines. Central radiology review was not performed. CSF was not

used as a response criterion.

2.1 Statistical methods

It is important to note the dramatic evolution of the WHO classifi-

cation of both MB and CNS PNET since the conception of this trial.1

All patients were classified according to the histological diagnosis ren-

deredby the institutional pathologist at the timeof initial diagnosis into

two groups as MB or other embryonal CNS tumor. In addition to this

classification, banked tumor tissuewas available for 36 patients. These

36 samples were analyzed, and the molecular subgrouping was deter-

mined.

The primary objectivewas to compare the risk of death between the

regimens. Secondaryobjectiveswere (1) to assess the response rate for

each treatment arm amongst patients whowere enrolledwithmeasur-

able disease, and (2) to estimate the risk for event-free survival (EFS)

across regimens. Feasibility and safety evaluations for each treatment

armwere also performed.

Based on prior COG studies, it was estimated that 36 eligible

patients would be available for enrollment annually, at a rate of three

patients per month for 36months, for a total of approximately 108 eli-

gible patients. Patientswere stratified for randomization to each treat-

ment arm according to whether or not they had measurable disease.

Stratum 1 patents had measurable disease in two dimensions, while

stratum 2 patients had clear evidence of disease that may not be mea-

surable in two perpendicular diameters (e.g., leptomeningeal disease).

OS and EFSwere determined for each patient and compared across

regimens using the stratified log-rank test.38 OS was defined as time

from enrollment to death regardless of cause or date of last patient
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F IGURE 1 Study participation and flow through the trial

contact, whichever came first. Patients whoseOS follow-upwas termi-

nated because of deathwere considered to have experienced an event;

otherwise the patient was censored at last contact. EFS interval was

defined as time from enrollment to (1) disease progression; (2) diagno-

sis of second malignant neoplasm; (3) death regardless of cause; or (4)

date of last contact, whichever came first. Patients whose EFS follow-

up was terminated because of reasons (1)–(3) above were considered

to have experienced an event; otherwise the patient was considered

censored at the conclusion of EFS time. Kaplan–Meier estimates of the

OS and EFS for each of the randomized regimens were constructed.39

The study was designed as a screening trial to determine whether

there was sufficient evidence to further study the combination of

TMZ, irinotecan, and bevacizumab. After accrual and treatment of 108

patients, follow-up was to be continued for 6 additional months after

the last patient was enrolled. A comparison of risk of death between

the two regimenswas tobe conducted andaone-sided p-value of .15or

less in favor of the combination of TMZ, irinotecan, and bevacizumab

was considered sufficient evidence to further investigate the combi-

nation. With this analytic plan, the design had 87% power to detect a

40% decrease in the risk of death associated with the bevacizumab-

containing regimen.

The relative hazard rate (RHR) for death and for EFS event was esti-

mated from the stratified proportional hazards regression model, with

randomized treatment assignment as the only covariate and presence

of measurable disease as the stratification factor.39 The 95% confi-

dence interval forRHRwas constructedusing theproportional hazards

regression model. A two-sided p-value of .05 or less was considered

significant for comparisons other than the screening comparison con-

ducted as the primary analysis. Heterogeneity of risk of death and EFS

event were assessed by comparing the hazard rates as estimated from

eachof the strata separately and testing the hypothesis of equal hazard

rates using the asymptotic distribution of the coefficients from the pro-

portional hazards regression models.39 The median follow-up for OS

was calculated using the Kaplan–Meier estimate of potential follow-up

as proposed by Schemper and Smith.40

The feasibility of the two regimens wasmonitored as well. A patient

was considered to have experienced a feasibility event if the patient

died while receiving protocol therapy and treatment was considered

the principal cause of death or the patient was removed from proto-

col therapy prior to month 4 because of toxicity. This study utilized the

Common Terminology Criteria for Adverse Events (CTCAE) version 4.

For the response assessment, MRI scans were required at enrollment

and following every two courses thereafter.

Only patients enrolled with measurable disease were considered in

the evaluation of response rate. One week prior to the third cycle and

every other subsequent cycle of therapy, the treating team for each

patient evaluated MRI response. The measurements of the longest

tumor dimension and its perpendicular, of all target lesions were
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TABLE 1 Overall response assessment for target tumormeasurable in two diameters

Target lesions Nontarget lesions New lesions Overall response

CR CR No CR

CR IR/SD No PR

PR CR, IR/SD No PR

SD CR, IR/SD No SD

PD Any Yes or No PD

Any PD Yes or No PD

Any Any Yes PD

Abbreviations: CR, complete response; IR, incomplete response; PD, progressive disease; PR, partial response; SD, stable disease.

determined by changes in size using the longest tumor dimension

and its perpendicular. Either T1 or T2 weighted images were used—

whichever gave the best estimate of tumor size as determined by

the treating team. The overall response assessment took into account

response in both target and nontarget lesion, and the appearance of

new lesions as detailed in Table 1.

3 RESULTS

The study was opened in November 2010 and closed to accrual in

December 2015. Data current to December 2018 were used for this

analysis. One hundred eight (108) patients enrolled on this study and

three were considered ineligible: two secondary to organ function

requirements, one without measurable disease at the time of enroll-

ment prior to the amendment expanding enrollment to includepatients

with recurrent disease that was not strictly measurable (Table 2). The

best response for patients with measurable disease was a complete

response in 17.4% of patients on the three-drug regimen compared to

none in the two-drug arm. Progressive disease was the best response

for 13%of patients in the three-drug regimen and 33%of patientswith

measurable disease in the two-drug arm (Table 3).

The adverse events reported were within those expected for this

patient population and treatment plan. Toxicity profiles were compa-

rable in both treatment arms (Table 4). A total of five patients (4.8%

of eligible patients) experienced a feasibility event. The estimate of the

incidence of feasibility events associated with the bevacizumab arm is

three of 52 (5.8%) (95% CI 1.2–16%). Events included myelosuppres-

sion, electrolyte abnormalities, diarrhea, and elevated transaminases.

In the TMZ, irinotecan, and bevacizumab arm, one patient experi-

enced grade 4 neutropenia, grade 3 hypokalemia, and grade 3 throm-

bocytopenia and was taken off therapy. A second patient experienced

possibly related grade 4 hyponatremia, neutropenia, thrombocytope-

nia, grade 3 diarrhea and fatigue, and was taken off therapy. A third

patient experienced grade 4 ALT elevation, grade 4 neutropenia and

thrombocytopenia during cycles 1 and 2. Despite protocol-defined

dose reductions, the patient experienced grade 4 neutropenia in cycles

3 and 4 andwas removed from protocol therapy.

In the TMZ and irinotecan arm, one patient experienced grade 4

ALT, AST, and bilirubin elevations, developed sepsis, and died 23 days

after enrollment. A second patient experienced grade 4 dehydration

secondary to persistent grade 3 vomiting and diarrhea and died of sep-

sis 26 days after study enrollment. One intracranial hemorrhage event

was observed in each arm. One patient experienced a grade 2 intracra-

nial hemorrhage 6 days after study enrollment on the three-drug arm,

and the event was considered possibly related to protocol therapy by

the treating physician. One patient on the two-drug arm experienced a

grade 4 intracranial hemorrhage at the site of the patient’s recurrence

of MB, and the event was considered unrelated to protocol therapy by

the treating physician.

Overall, 23 patients completed 12 courses of planned protocol ther-

apy, 23% in the experimental arm with bevacizumab versus 21% in the

standard arm (Table 5). The median follow-up for OS was 65 months.

The calculation of median potential follow-up takes into account the

follow-up time contributed by all eligible patients regardless of the

amount of protocol therapy delivered. T+I+B met the screening cri-

terion for reducing the risk of death (one-sided p = .01; RHR = 0.63;

95%CI 0.41–0.93; Figure 2A). T+I+B significantly reduced risk for EFS

event (p = .0059; 95% RHR = 0.57; CI 0.38–0.85; Figure 2B). Median

EFS was 6 months in the standard arm and 9 months with the addition

ofbevacizumab, andmedianOSwas13months in the standardarmand

19 months with the addition of bevacizumab. There is no evidence to

suggest that the efficacy of T+I+B is different in stratum1 (measurable

disease) when compared with stratum 2 (disease clearly present but

notmeasurable in twodimensions) (p= .33). Thus, thepresenceofmea-

surable disease at enrollment did not appear to be related to improved

outcome of the bevacizumab arm.

When restricted to the 85 patients withMB, T+I+Bmet the screen-

ing criterion for reducing the risk of death (one-sided p = .024;

RHR = 0.63; 95% CI 0.39–1). T+I+B significantly reduced risk for EFS

event (p= 0.0078; 95% RHR= 0.54; CI 0.42–0.69; Figure 2D). Median

EFSwas 5months in the standard armand10monthswith the addition

ofbevacizumab, andmedianOSwas11months in the standardarmand

19monthswith the additionof bevacizumab (Figure2C). Themaximum

survival and EFS time was 74.5 months and occurred in a patient with

MB who had not demonstrated an EFS event at the time of last study

follow-up.

Histology was confirmed at each treating center for enrollment,

but for 36 of the enrolled patients, tumor tissue was available for

further classification through the COG biorepository (Table 6). There
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TABLE 2 Baseline characteristics for all eligible patients

Characteristic Categories Temozolomide+ irinotecan

Temozolomide+ irinotecan+

bevacizumab

Age at enrollment Median (range|IQR1) 9 (1–21|6–13) 10 (0–18|7.5–13.5)

Number (%) Number (%)

Patient sex Male 33 (62.3) 36 (69.2)

Female 20 (37.7) 16 (30.8)

Race Asian 2 (3.8) 2 (3.8)

Native Hawaiian or Pacific Islander 1 (1.9) 1 (1.9)

Black or African American 8 (15.1) 6 (11.5)

White 39 (73.6) 41 (78.8)

Not reported 3 (5.7) 2 (3.8)

Ethnicity Hispanic or Latino 8 (15.1) 10 (19.2)

Not Hispanic or Latino 44 (83.0) 42 (80.8)

Not reported 1 (1.9) 0 (0.0)

Extent of disease at enrollment Measurable disease 48 (90.6) 46 (88.5)

Withoutmeasurable disease 5 (9.4) 6 (11.5)

Initial diagnosis Medulloblastoma 44 (83.0) 41 (78.8)

Other embryonal CNS tumor 9 (17.0) 11 (21.2)

Received radiation therapy as a

component of prior therapy

Yes 44 (83.0) 45 (86.5)

No 9 (17.0) 7 (13.5)

Temozolomide+ irinotecan

Temozolomide+ irinotecan+

bevacizumab

Characteristic Categories Number (%) Number (%)

Age at enrollment Median (range|IQR1) 9 (1–21|6–13) 10 (0–18|7.5–13.5)

Patient sex Male 33 (62.3) 36 (69.2)

Female 20 (37.7) 16 (30.8)

Race Asian 2 (3.8) 2 (3.8)

Native Hawaiian or Pacific Islander 1 (1.9) 1 (1.9)

Black or African American 8 (15.1) 6 (11.5)

White 39 (73.6) 41 (78.8)

Not reported 3 (5.7) 2 (3.8)

Ethnicity Hispanic or Latino 8 (15.1) 10 (19.2)

Not Hispanic or Latino 44 (83.0) 42 (80.8)

Not reported 1 (1.9) 0 (0.0)

Extent of disease at enrollment Measurable disease 48 (90.6) 46 (88.5)

Withoutmeasurable disease 5 (9.4) 6 (11.5)

Initial diagnosis Medulloblastoma 44 (83.0) 41 (78.8)

Other embryonal CNS tumor 9 (17.0) 11 (21.2)

Received radiation therapy as a

component of prior therapy

Yes 44 (83.0) 45 (86.5)

No 9 (17.0) 7 (13.5)

are no apparent significant relationships between molecular group-

ing and randomized treatment. The relationship between molecular

grouping and risk for death is shown in Figure 3. The limited modern

classification data for the patientswith historically categorized “PNET”

tumors are insufficient to support a conclusion regarding differences in

efficacy of each regimen for these tumors.
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TABLE 3 Best response for patients withmeasurable disease

Temozolomide+ irinotecan Temozolomide+ irinotecan+ bevacizumab

Best response N (%) N (%)

Complete response 0 (0.0) 8 (17.4)

Nonresponder 2 (4.2) 1 (2.2)

Progressive disease 16 (33.3) 6 (13.0)

Partial response 16 (33.3) 14 (30.4)

Stable disease 14 (29.2) 17 (37.0)

TABLE 4 Grade 3 and higher toxicity data for all patients

Treatment

TEM+ IRIN

(N= 53)

TEM+ IRIN+BEVA

(N= 52)

% %

Organ systems Toxicity type 98.1 98.1

None

Gastrointestinal Abdominal pain 3.8 1.9

Colitis 1.9

Diarrhea 18.9 28.8

Mucositis oral 1.9

Nausea 3.8 1.9

Stomach pain 1.9

Typhlitis 1.9

Vomiting 9.4 1.9

Investigations Alanine aminotransferase increased 5.7 5.8

Aspartate aminotransferase increased 1.9

Blood bilirubin increased 1.9

GGT increased 3.8

Lymphocyte count decreased 11.3 19.2

Neutrophil count decreased 30.2 46.2

Platelet count decreased 24.5 38.5

White blood cell decreased 18.9 28.8

Immune Allergic reaction 1.9

Blood/lymphatic Anemia 13.2 13.5

Blood and lymphatic system disorders -

other, specify

1.9

Febrile neutropenia 7.5 9.6

Metabolism/nutrition Anorexia 5.7 3.8

Dehydration 7.5 7.7

Hypercalcemia 1.9

Hyperuricemia 1.9

Hypoalbuminemia 5.7

Hypocalcemia 1.9

Hypokalemia 3.8 7.7

(Continues)
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TABLE 4 (Continued)

Treatment

TEM+ IRIN

(N= 53)

TEM+ IRIN+BEVA

(N= 52)

% %

Hyponatremia 5.8

Hypophosphatemia 3.8

Infections/infestations Catheter-related infection 1.9

Enterocolitis infectious 3.8 1.9

Infections and infestations - other, specify 3.8

Sepsis 9.4 1.9

Skin infection 1.9

Urinary tract infection 1.9

General/administration Fatigue 1.9

Fever 1.9

Noncardiac chest pain 1.9

Vascular Hypertension 1.9

Hypotension 3.8

Psychiatric Personality change 1.9

Suicidal ideation 1.9

Renal/urinary Proteinuria 1.9

Skin/subcutaneous Rashmaculo-papular 1.9 1.9

Nervous Seizure 1.9

TABLE 5 Number of patients who continued on protocol therapy delivered on each treatment arm

Number of cycles T+ I T+ I+B Combined

1–2 53 52 105

3–4 33 41 74

5–6 26 29 55

7–8 18 22 40

9–10 16 15 31

11–12 11 13 24

4 DISCUSSION

The addition of bevacizumab to TMZ/irinotecan significantly reduced

the risk of death and an EFS event in children with recurrent MB.

The combination was relatively well tolerated in this heavily pre-

treated cohort. Based on the initial protocol goals, the three-drug

regimen demonstrated a sufficient risk reduction to warrant further

investigation.

Bevacizumab was investigated in this group of tumors based on

preclinical data demonstrating expression of VEGF and VEGF recep-

tors in MB.21–23 As it is well known that interpretation of tumor mea-

surements in response to bevacizumab may be challenging, this study

was designed such that the primary objective was to compare the risk

of death between the regimens. We report the outcomes of the sec-

ondary objectives, response rate, and EFS, which also seem improved

with bevacizumab. But we emphasize that risk of death was signifi-

cantly reducedwith the addition of bevacizumab as this outcome is not

impacted by imaging interpretation.

The understanding of the biology of malignant CNS embryonal

tumors has evolved tremendously over the past decade since this pro-

tocol was first conceived, and this better understanding drives cur-

rent concepts in MB clinical trials.41–43 MB is now known to be a num-

ber of molecularly distinct subgroups. Likewise, “PNET” is no longer

recognized by the WHO and these are now recognized as distinct

tumors based on modern diagnostic techniques/criteria. As such, the

relevance of including CNS PNET and pineoblastoma in this study is
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F IGURE 2 Overall survival (OS) and event-free survival (EFS) for all enrolled patients (figures on the left) andOS and EFS for all
medulloblastoma patients (figures on the right)

TABLE 6 Histology andmolecular grouping

Histology

Molecular

grouping

Temozolomide+

irinotecan

N (%)

Temozolomide+

irinotecan+

bevacizumab

N (%)

Medulloblastoma MB, G3 5 (9.4) 3 (5.8)

MB, G4 13 (24.5) 6 (11.5)

MB, SHH 1 (1.9) 1 (1.9)

MB, ETMR 0 (0.0) 1 (1.9)

PNET ETMR 1 (1.9) 0 (0.0)

PB 3 (5.7) 2 (3.8)

Unknowna 30 (56.6) 39 (75.0)

Abbreviations: ETMR, embryonal tumorswithmultilayered rosettes;MB,G3,medulloblastomaGroup3;MB,G4,medulloblastomaGroup4;MB, SHH,medul-

loblastoma Sonic Hedgehog; PB, pineoblastoma.
aNo grouping available.
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F IGURE 3 Overall survival of medulloblastoma patients for which
molecular classification was available

questionable, given today’s tumor classifications. This is a weakness

of the study, but this does not diminish the findings that bevacizumab

improved outcomes in this patient cohort. For that reason, we provide

outcome analysis for MB patients alone. It is likely that the children

who had recurrent disease and were enrolled on ACNS0821 had high-

risk disease at initial presentation. There were more males enrolled,

which is consistent with the knowledge that males are more likely to

be type 3 and 4MB.4

Given the evolution ofMB andCNS embryonal tumor diagnoses, we

analyzed outcomes based on updated tumor classifications for those

tumor samples thatwere further classified. This information is included

but we emphasize that the study could not have been designed at the

time of initiation to adequately power this analysis to establish any

clear conclusions. Of the patients enrolled on ACNS0821, 36 were

enrolled onCOGbiology studies andCOG studies for newly diagnosed

CNS tumors. Conclusions based on molecular subgrouping are statis-

tically limited, as the study was not designed to assess differences in

outcome among these subgroups and the number of samples with this

diagnostic specificity is small. But based on the data available, there are

no apparent significant relationships between MBmolecular grouping

and randomized treatment; that is, based on the available data, the dis-

tribution of tumor subgroups appears balanced between both treat-

ment arms.

It is important to note that while MB subgroup does not appear to

change at the time of recurrence,44 there is substantial genetic diver-

gence of the dominant clone after therapy.45 As such, the hypotheti-

cal actionable targeted therapeutic options for these patient tumors at

initial presentationmay ormay not hold true at the time of their recur-

rence. Since repeat biopsy is not always in the patient’s best interest,

this will remain a challenge in future studies of recurrent CNS tumors.

Prior reports demonstrated some efficacy of these agents alone or

in combination,46–48 but this report is the largest cohort to date. In an

Italian multi-institutional phase II trial, Cefalo et al.49 demonstrated

that TMZ is an active agent in children with recurrent MB/PNET.

Patients received TMZ 120–200 mg/m2/day × 5 days. The estimated

OS rates at 6 and 12 months were 42.5% and 17.5%, respectively.

Nicholson et al.13 showed an estimated response rate for patients

with MB treated with TMZ of 16% on Children’s Cancer Group pro-

tocol A09701. Grill et al.,19 using TMZ and irinotecan, demonstrated

an objective response rate during the first four cycles of 32.6%, a

median duration of response of 27.0 weeks, and a median survival

of 16.7 months. In a small cohort of patients receiving TMZ, irinote-

can, and bevacizumab, Aguilera et al.50 demonstrated a median time

to progression of 11 months, a median OS of 13 months, with an

objective tumor response at 3 months of 67% (six PR, three SD). Fan-

gusaro et al.51 reported the tolerability of bevacizumab and irinote-

can in recurrent pediatric CNS tumor patients. The most common tox-

icities attributable to BVZ included hypertension (38% of patients),

fatigue (30%), epistaxis (24%), andproteinuria (22%); 22patients (24%)

stopped therapy due to toxicity. Unfortunately, the eligibility criteria,

treatment, andobjectives formany studies differ,making clear compar-

isons challenging.52

In conclusion, the addition of bevacizumab to TMZ and irinotecan

proved tolerable with significantly improved EFS and OS. With the

evolution in our understanding, the classification of MB has changed

since the inception of this study. Nonetheless, the distribution of MB

subgroups appears balanced in this randomized study, and those with

recurrent MB would have more likely had high-risk MB subgroup

tumors. Thus, despite the inherent limitations that are acknowledged,

these results support the further evaluation of TMZ, irinotecan, and

bevacizumab in high-risk MB. Because OS was still unacceptably low

for these patients with recurrent disease, this combination could be

considered for future upfront trials in patients with high-riskMB.
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