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Benefit from prolonged dose-intensive chemotherapy for infants with
malignant brain tumors is restricted to patients with ependymoma: a
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Background. The randomized controlled Pediatric Oncology Group study 9233 tested the hypothesis that dose-intensive (DI) chemother-
apy would improve event-free survival (EFS) for children <3 years of age with newly diagnosed malignant brain tumors.

Methods. Of 328 enrolled eligible patients, diagnoses were medulloblastoma (n = 112), ependymoma (n = 82), supratentorial primitive
neuroectodermal tumor (sPNET, n = 38) and other malignant brain tumors (n = 96), and were randomized to 72 weeks of standard dose
chemotherapy (Regimen A, n = 162) or DI chemotherapy (Regimen B, n = 166). Radiation therapy (RT) was recommended for patients
with evidence of disease at completion of chemotherapy or who relapsed within 6 months of chemotherapy completion.

Results. Distributions of EFS for Regimens A and B were not significantly different (P = 0.32) with 2-and 10-year rates of 22.8% +3.3%
and 15.4% +3.7%, and 27.1% + 3.4% and 20.8% + 3.8%, respectively. Thus, the study hypothesis was rejected. While distributions
of EFS and OS were not significantly different between Regimens A and B for patients with medulloblastoma and sPNET, DI chemo-
therapy resulted in significantly improved EFS distribution (P=.0011) (2-year EFS rates of 42.1% vs. 19.6% with SD chemotherapy),
but not OS distribution, for patients with centrally confirmed ependymoma. The degree of surgical resection affected EFS, OS or
both for most tumor groups. Approximately 20%, 40% and 20% of patients with medulloblastoma, ependymoma treated with DI
chemotherapy, and sPNET, respectively appear to have been cured without RT. Of 11 toxic deaths on study, 10 occurred on the DI
chemotherapy arm.

Conclusions. Prolonged dose-intensive chemotherapy given to infants with malignant brain tumors resulted inincreased EFS only for
patients with ependymoma.
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The groundbreaking study of Duffner et al demonstrated that the
use of neoadjuvant chemotherapy could allow successful delay
of radiation therapy in 40% of children under the age of 3 years
with malignant brain tumors.’ It was hypothesized that this
delay allowed a longer period of brain maturation to occur that
might have rendered the children less vulnerable to radiation
therapy (RT)-induced brain injury. Though unplanned on that
study, cases of cure were seen with surgery and chemotherapy
only.

In 1992, the Pediatric Oncology Group (POG), now part of the
Children’s Oncology Group (COG), opened the successor study to
prospectively investigate whether more chemotherapy, randomly
assigned and delivered through dose-intensification, would result
in an improved event-free survival distribution (EFS) compared to
standard dosing of the same chemotherapy agents. Patients
were also followed for overall survival (OS). For each regimen, sec-
ondary objectives of the study were to estimate the EFS rates for
children having complete response to surgery and chemotherapy
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only; to describe acute and chronic toxicities observed, including
neuropsychological outcome; and to estimate the secondary EFS
of patients treated with RT following disease progression during,
or after failing to respond to, chemotherapy. The responses of chil-
dren with medulloblastoma (MB), ependymoma (EP) and supra-
tentorial primitive neuroectodermal tumors (sPNET) for whom
meaningful statistical analyses could be performed are the
primary subject of this report. The outcomes of children with less
common diagnoses are also described. The results of this study
are discussed in context with those of several infant brain tumor
studies published in the last 15 years.

Materials and Methods

Patient Eligibility and Registrations

Any child <36 months of age at a participating POG institution with a newly
diagnosed and histologically confirmed malignant brain tumor, or intrinsic
brainstem glioma diagnosed by clinical and radiographic criteria, was eli-
gible for this study. Written informed consent for enrollment was obtained
from parents or guardians of each child according to institutional guide-
lines. Following tumor resection, patients were evaluated for residual
disease and staged for metastases through post-operative MRI or CT, MRI
of the spine, CSF cytology, bone scan and bone marrow aspiration. For as
many cases as possible, pre- and post-operative images were centrally
reviewed. Tumor pathology was centrally reviewed and classified according
to World Health Organization criteria of that time. Upon registration,
patients were randomized to standard dose (SD; Regimen A) or
dose-intensive (DI; Regimen B) chemotherapy and stratified for statistical
analyses on the basis of institutional diagnosis and disease status (no
disease vs. disease present at the start of chemotherapy). Disease strata
included MB, EP, malignant glioma (MG), brainstem glioma (BSG), and
SPNET. This last stratum included pineoblastoma, cerebral neuroblastoma
and other small, blue, round-cell tumors. Finally, a stratum designated
“Other” was used; it included atypical teratoid rhabdoid tumors (ATRT),
choroid plexus carcinoma (CPC) and other rare tumor types. Centrally
reviewed tumors of low-grade, non-malignant histology were deemed
ineligible for statistical analyses.

Chemotherapy

It was recommended that chemotherapy be initiated by 28 post-operative
days following maximal safe tumor resection, except in cases of intrinsic

Table 1. Chemotherapy schedule

pontine glioma. The chemotherapy agents in each regimen were identical
and they were given in pairs. Regimen A consisted of Cycles A, A’ and B
given every 28 days on an alternating basis of AA’BAA’B.... for 72 weeks.
Cycle A consisted of cyclophosphamide (65 mg/kg) onday 1 and vincristine
(0.065 mg/kg) given on days 1, 8, 15 and 21; Cycle A’ was identical to A
except that vincristine was given on days 1 and 8 only. Cycle B consisted
of cisplatin (4 mg/kg) on day 1 and etoposide (6.5 mg/kg) on days 3 and
4. Regimen B consisted of Cycles X and Y given every 21 days on an alternat-
ingschedule of XXYXXY .....for 72 weeks. Cycle X consisted of cyclophospha-
mide (65 mg/kg) ondays 1 and 2, and vincristine (0.065 mg/kg) ondays 1, 8
and 15. Cycle Y consisted of cisplatin (5 mg/kg) on day 1 and etoposide
(7.5 mg/kg) on days 3 and 4. (Table 1) Regimen B chemotherapy was 1.8x
more DI than Regimen A chemotherapy. G-CSF was used on Regimen B
and was optional on Regimen A. Certain laboratory and clinical criteria
were required at the start of each chemotherapy cycle to assess for ad-
equate organ function. Chemotherapy doses were adjusted for hemato-
toxicity, neurotoxicity (vincristine) and renal- or ototoxicity (cisplatin).
Chemotherapy was discontinued in those patients who had unacceptable
toxicity despite dose modification, and in patients whose disease pro-
gressed or recurred. Patients whose tumors were non-metastatic at diag-
nosis and who were in remission at the end of 72 weeks of therapy
discontinued therapy. The doses and schedule of chemotherapy that
each patient received were recorded and used to calculate the chemother-
apy dose-intensity delivered in each cycle of therapy.

Radiation Therapy

Patients with metastatic disease at diagnosis or who had residual, non-
progressive disease at completion of chemotherapy were eligible for radi-
ation therapy (RT) on study 9233. Patients in complete remission at the
end of scheduled chemotherapy but who had progressive disease within
the subsequent 6 months were eligible for RT on the companion study
9234, as were patients whose disease recurred of progressed on 9233
chemotherapy. Second resection of disease was recommended when feas-
ible prior to the start of RT. The volume of radiation was determined by the
histopathologic diagnosis, the presence or absence of metastases at diag-
nosis, the identification of peri-tumoral edema, and the extent of disease
documented at the time of radiation. The dose of radiation was adjusted
for these factors and for patient age. Thus, children with tumors unlikely
to disseminate, with negative CSF cytology and negative neuraxis
imaging, received 48 Gy if <18 months, 50.4 Gy if 18-30 months, and
55.2 Gy if >30 months of age at treatment. The radiation volume included
either the posterior fossa with a subsequent cone-down, or the pre-
operative or pre-chemotherapy volume, including edema, with a cone-

Regimen Chemotherapy Doses in mg/kg Days DI RDI
A Cyclophosphamide 65 Al 10.83
Vincristine .065 A1,8,15,22; A'1, 8 0.03
Cisplatinum 4 B1 0.33
Etoposide 6.5 B3, 4 1.08
B Cyclophosphamide 65 X1,2 28.89 2.67
Vincristine 0.065 X1, 8,15 0.04 1.33
Cisplatinum 5 Y1 0.56 1.70
Etoposide 7.5 Y3, 4 1.67 1.55
Overall 1.80

Chemotherapy onRegimen Awas delivered in a pattern of AA’'BAA’B.. .. for 72 weeks; the pattern of Regimen Bwas XXYXXY ... was 72 weeks. Dose-intensity
(DI) was calculated as mg/kg/week of each agent. Relative DI (RDI) was calculated as the DI of that agent on Regimen B/DI of that agent on Regimen
A. Overall RDI of Regimen B was the average of the four individual RDIs of that regimen.
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down. Patients with tumors likely to disseminate but with negative CSF cy-
tology and negative neuraxis imaging received craniospinal axis irradiation
(CSI) of 27 Gy if <18 months, 30 Gy if 18-30 months, and 34.5 Gy if >30
months of age at the time of treatment. Patients with neuraxis involvement
at diagnosis or subsequently received CSI at doses that were 3 -4 Gy higher
foreach age group. Radiation treatment data, including field and dose, were
retrospectively reviewed at the Quality Assurance Research Center in Provi-
dence, RI.

Statistical Considerations

The primary statistical analysis followed the intent-to-treat premise and all
eligible patients who initiated treatment were analyzed as randomized. The
study design assumed exponential distributions of EFS and the sample size
was sufficient to provide 80% power to detect a 15% absolute improve-
ment in the 2-year EFS rate for patients randomized to Regimen B vs.
Regimen A (one-sided tests). Stratified log-rank tests were used to
compare the distributions of EFS and OS for patients randomized to Regi-
mens A and B.

Events for EFS were defined as any progression, relapse, second malig-
nancy or death, and EFSwas measured from the start of therapy to the earli-
est event. Patients who did not experience an event were censored at their
off-study date. Overall survival was measured from the start of therapy to
date of death or date off study for censored patients. Distributions of EFS
and OS were estimated using the Kaplan-Meier method for the cohort?
and by treatment, institutional diagnosis, central reviewed diagnosis,
gender, metastatic status, degree of resection and age at diagnosis, and
compared using stratified log-rank tests. To investigate associations of con-
tinuous variables with EFS and OS, Cox proportional hazards models were
used. Descriptive statistics for the patient cohort are provided and toxicities
are described.

Results

Patient Characteristics

Three-hundred-thirty-eight patients were enrolled on POG9233. Of
those, 8 were ineligible due to diagnosis and 2 patients did not
receive therapy on study and were not followed. Thus, analyses
were based on 328 eligible patients who were treated on study.
Fig. 1 shows the flow of patients through the study. Patient charac-
teristics are showninTable 2. Of the 328 patients, 186 (56.7%) were
male, 72.6% were white, non-Hispanic, the median age was 1.62
years (range 0.01 to 2.97 years), and 15.2% had metastatic (M+)
disease at diagnosis. The institutional diagnoses (n; % overall
patients; % M+) were MB (112; 34%; 24.1%). EP (82; 25%; 4.9%),
SPNET (38; 11.6%; 23.7%), and Other (96; 29.3%; 10.4%). Central
review of institutional diagnoses was accomplished for 305 of
the 328 patients. Eighty-eight (78.6% of all MB cases, including
two posterior fossa PNETs), 76 (92.7%) EP (58 EP NOS and 18 ana-
plastic type EP), and 10 (26.3%) sPNET were centrally confirmed.
One-hundred sixty two (49%) of the patients were registered on
Regimen A. Gross total resection (GTR) was achieved in 107
(32.6% of the entire cohort) patients at diagnosis and in 39.3%,
36.6% and 26.3% of patients with MB, EP and sPNET, respectively.
Only 2 patients, 1 with MB and 1 with sPNET, were found to have
extra-neural metastases, to the bone marrow in each case.

Outcome of Therapy

For the entire cohort, 2- and 10 year rates of EFS +standard error
(+SE) were 25.0%+2.4% and 18.2%+2.7%, respectively;

corresponding rates of OS were 46.7% +2.8% and 29.3% +3.2%,
respectively. (Fig. 2A) Patients on Regimen A had 2- and 10-year
EFSrates of 22.8% 4 3.3% and 15.4% + 3.7%, respectively; the cor-
responding rates for patients on Regimen B were 27.1% + 3.4%,
and 20.8% +3.8%, respectively. (Fig. 2B) The difference in EFS
between the two arms was not significant (P = 0.32). Thus, the hy-
pothesis that DI chemotherapy would increase EFS of infants with
malignant brain tumors compared to SD chemotherapy was not
proven. Rates of OS at 2- and 10 years for Regimen A patients
were 53.7% +3.9% and 30.5% + 4.6%, respectively. For Regimen
B patients, these rates were 39.8% 4 3.8% and 28.1% 4 4.5%, re-
spectively. This difference in OS was also not significant (P=
0.25) (Fig. 2C).

Further analyses were conducted for the MB, EP and sPNET
strata. For patients with institutionally diagnosed EFS and OS distri-
butions did not differ between Regimens A and B (P = 0.96 for EFS,
0.51 for OS; data not shown). Patients with MB were classified
based on their M status (MO vs M+) and by GTR vs sub-total resec-
tion (STR) or biopsy. Fig. 3A and B show EFS and OS distributions for
these comparisons. EFSwas affected by M status: patients with M+
disease had the poorest EFS distribution (P=.0011) and GTR of MO
disease appeared to show no advantage over STR or biopsy for EFS.
OS distributions were affected by degree of resection: MO patients
who had undergone GTR of MB had the best OS distribution, which
was significantly better (P=.017) than MO patients who had
undergone STR or biopsy who, in turn, had a similar OS distribution
as M+ MB patients.

Treatment of institutionally diagnosed EP patients on DI
chemotherapy resulted in significantly improved distribution of
EFS (P=.0062) but not of OS (P=.83; Fig. 4A and B). There were
only four patients with M+ EP, so those patients were included
with patients who underwent STR or biopsy of their tumors for a
comparison with EP patients who underwent GTR of disease prior
to chemotherapy. For both EFS and OS, GTR was associated with
significantly better EFS and OS distributions (P=.008 for EFS
[Fig. 4C] and P=.014 for OS).

Similar analyses of patients with sPNET were conducted. Dis-
tributions of EFS and OS were not significantly different for
Regimen A vs Regimen B, but GTR was associated with signi-
ficantly improved EFS (P=.026), but not OS (P=.074), distribu-
tion as compared to patients with <STR or with M+ disease
(Fig. 5A.and B).

The primary event on this study was recurrent or progressive
disease, and this occurred in 209 of the 328 patients. The pre-
scribed protocol therapy for this was resection of disease, if a sig-
nificant reduction of tumor bulk was a realistic possibility,
followed by RT (see below). EFS rates achieved with surgery and
chemotherapy approximated the proportions of patients who did
not receive RT. Thus, ~20%, 40% and 20% of patients with MB,
EP treated on DI chemotherapy and sPNET appear to have been
cured without having been irradiated.

The associations of age at diagnosis, gender and race were
analyzed in the MB, EP and sPNET cohorts, for whom chemo-
therapy regimen and extent of surgery were used as stratification
variables. For these, older age was associated with a more favor-
able OS for MB patients (P=.034), and male gender was insig-
nificantly associated with a lower OS in the EP cohort (P=.064)
(Data not shown.).

Two other diagnostic subgroups of patients were noteworthy.
First, during the duration of this study there was increased

Neuro-Oncology

459



Strother et al.: Dose-intensive chemotherapy for infant brain tumors

CONSORT Flow Diagram for POG-9233

[ Enrollment ]

Assessed for eligibility (n=338)

Excluded (n=10)
+ Wrong diagnoses (n=38)
+ Did not receive the study drug (n=2)

Randomized (n=328)

|

| [

Allocation ]

Allocated to regimen A (n=162)
+ Received allocated intervention (n=162)

v

Allocated to Regimen B (n=166)
+ Received allocated intervention (n=166)

l [ Off-Study Reason] l

Progressive disease/no response (n=80)
Relapse (n=38)

Death (n=10)

Toxicity (n=1)

Bone Marrow Transplant (n=2)

2nd Malignancy (n=2)

Lost to follow-up (n=5)

Refused further therapy (n=5)
Protocol Violation (n=1)

Other (n=1)

No Off-Study reason Reported (n=17)

* Progressive Disease/No Response (n=50)
+ Relapse (n=41)

« Death (n=19)

« Toxicity (n=19)

« Bone Marrow Transplant (n=0)

« 2nd Malignancy (n=1)

« Lost to follow-up (n=4)

« Refused further therapy (n=14)

+ Protocol Violation (n=0)

e Other (n=4)

+ No Off-Study reason Reported (n=14)

Analysis

Analyzed (n=162)

All of the above patients received at least
one dose of the study regimen; thus, no
patient was removed from the analysis.

Fig. 1. Flow of patients through study 9233.

recognition of ATRTas a distinct entity. While 12 patients carried an
institutional diagnosis of ATRT, 36 patients were centrally reviewed
ashaving ATRT. Of these, 7 (20.6%) underwent GTR of disease and 5
(14.7%) had M+ disease at diagnosis. Fourteen (41.2%) were
assigned to Regimen A. None of the patients with ATRT survived.
The second subgroup was that on the MG stratum, to which 20
patients were registered. Of these, 10 (50%) ultimately survived.
The numbers of patients in these two diagnostic subgroups were
too low for any meaningful analysis and conclusions. Patients
who survived MG, however, underwent complete or less than com-
plete resection of disease, were treated on both chemotherapy
regimens and received or did not receive RT; thus, no particular
pattern of treatment leading to survival could be discerned.
(Data not shown.)

] l

Analyzed (n=166)

All of the above patients received at least
one dose of the study regimen; thus, no
patient was removed from the analysis.

Radiation Therapy

There were 291 patients eligible for RT on study for persistent, recur-
rent or progressive disease, but only 53 eligible patients were regis-
tered on study 9234. Four of these patients were inevaluable
for response to RT for reasons of inadequate trial or early death
(2 patients, each with “other” tumors), parental refusal for therapy
and physician preference for non-protocol RT (1 patient each). Forty-
four of the 49 patients began RT with measurable disease and insti-
tutions coded responses according to study criteria. Twelve patients
achieved a complete response to RT and another had a partial re-
sponse. Responses were not durable in a large majority of patients;
43 of 49 evaluable irradiated patients ultimately had progressive
disease. Twelve patients survive, 3 of these having undergone
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Table 2. Patient characteristics

TREATMENT NUMBERS All Patients
Regimen-A Regimen-B

n Row % n Row % n Row %
GENDER MALE 95 51.1 91 48.9 186 100.0
FEMALE 67 47.2 75 52.8 142 100.0
RACE WHITE, NON-HISP 118 49.6 120 50.4 238 100.0
BLACK, NON-HISP 44 48.9 46 51.1 90 100.0
INSTITUTIONAL DIAGNOSIS EP 43 52.4 39 47.6 82 100.0
MB* 48 429 64 57.1 112 100.0
SPNET 24 63.2 14 36.8 38 100.0
OTHERS 47 49.0 49 51.0 96 100.0
M-STAGE MO 137 49.3 141 50.7 278 100.0
M+ 25 50.0 25 50.0 50 100.0
INSTITUTIONAL DIAGNOSIS vs. M-STAGE EP MO 41 52.6 37 47.4 78 100.0
M-+ 2 50.0 2 50.0 4 100.0
MB* MO 36 42.4 49 57.6 85 100.0
M+ 12 bbb 15 55.6 27 100.0
SPNET MO 19 65.5 10 34.5 29 100.0
M+ 5 55.6 4 L4b .4 9 100.0
OTHERS MO 41 47.7 45 52.3 86 100.0
M+ 6 60.0 4 40.0 10 100.0
SURGERY EXTENT STR/Biopsy 115 52.0 106 48.0 221 100.0
GTR 47 43.9 60 56.1 107 100.0
INSTITUTIONAL DIAGNOSIS vs. SURGERY EXTENT EP STR/Biopsy 29 55.8 23 44.2 52 100.0
GTR 14 46.7 16 53.3 30 100.0
MB* STR/Biopsy 29 42.6 39 57.4 68 100.0
GTR 19 43.2 25 56.8 bk 100.0
SPNET STR/Biopsy 18 64.3 10 35.7 28 100.0
GTR 6 60.0 4 40.0 10 100.0
OTHERS STR/Biopsy 39 53.4 34 46.6 73 100.0
GTR 8 34.8 15 65.2 23 100.0
All Patients 162 49.4 166 50.6 328 100.0

Abbreviations used: MB, medulloblastoma; EP, ependymoma, sPNET, supratentorial primitive neuroectodermal tumor; STR, subtotal resection; GTR, gross

total resection.
*Including the posterior fossa PNETs.

additional therapy for another recurrence after completion of RT.
Because the use of RT was distributed across several diagnostic
strata, and across patients treated with standard and DI chemother-
apy, meaningful comparisons of results are not possible.

Toxicities of Therapy

Overall, Regimen B was much more toxic than Regimen A. Fatal
toxicities were recorded for 11 patients, 10 of whom were on
Regimen B. These grade 5 toxicities were recorded for infection
(NOS) (n=1; this patient was on Regimen A), viral pneumonia
(n=13), pulmonary/functional (n= 3), and bacterial pneumonig,
varicella, fungal sepsis and viral, generalized in 1 patient each.
When recorded, lymphopenia was noted twice as frequently for
patients on Regimen B than Regimen A. Infections were generally
recorded for two to three times the number of patients on DI
chemotherapy. Predictably, ototoxicity was three times as
common on Regimen B as on Regimen A. Peripheral neurotoxicity

was also nearly three times more common with DI chemotherapy.
Without further elaboration, psychosocial toxicities were listed for
one and four patients on Regimens A and B, respectively.

Discussion

For the entire study cohort, “more” chemotherapy, delivered
through dose-intensification of four active agents, did not result
in improved EFS or OS. As such, 9233 constituted a “negative”
study, albeit an important one. Study 9233 was built on the
results of POG 8633 and the EFS and OS rates achieved on the
standard arm of study 9233 were very similar to those reported
by Duffner et al for all patients on “Baby POG 1” and for patients
with MB, EP and sPNET." Intuitively, DI chemotherapy would have
resulted in higher rates of EFS and OS. Evidence from medical on-
cology and from experience in pediatric Ewing sarcoma, osteosar-
coma and neuroblastoma suggested that intensification of at least

Neuro-Oncology
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Fig.2. (A)EFSandOSfortheentire cohort; (B) EFSbyregimen; P = .32;(C) OS
by regimen; P=.25.

some effective agents would improve patient outcomes.~” Given
that evidence, the results of this trial were surprising.

The results of several studies contemporary or subsequent to
POG 9233 offer context for our results. Direct comparisons are dif-
ficult because of differences in definitions of subgroups based on
the degree of resection and because of differences in study eligibil-
ity, but all of these studies sought to avoid the use of RT during
primary therapy. The French Society of Paediatric Oncology used
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Fig. 3. (A) EFS, P=.0011 (MO + GTR and MO + STR/biopsy vs. M+) and (B)
0S, P=.22, for medulloblastoma patients classified by M-stage and
extent of surgical resection. Log-rank P value for OS by surgery extent
(GTR vs. STR/Biopsy) is .017.

a much less intensive schedule of chemotherapy for patients <5
years of age with MB and achieved PFS rates very similar to those
of 9233.% The Children’s Cancer Group (CCG) of North American
conducted a trial comparing two regimens of intensive induction
chemotherapy lasting only 15 weeks, and followed this with
lower intensity maintenance chemotherapy.” As on 9233, the
use of RT was restricted to patients with progressive or metastatic
disease. The overall results of the CCG study were similar to those of
9233, but the results for patients with MB appear superior on the
CCG study. In the same period of time, the “Head Start” approach
utilized an even more DI schedule of induction chemotherapy
lasting 15 weeks, followed by a single course of myeloablative
chemotherapy with autologous hematopoietic stem cell rescue
(AHSCR).'° The 5-year EFS rate of 52% + 11% for the comparatively
low number of patients with non-metastatic MB onthe Head Start I
and I studies appear superior to the POG and CCG studies. The COG
incorporated high-dose chemotherapy with AHSCR into its subse-
quent clinical trial for infants with malignant brain tumors, the
results of which have not yet been published. Meanwhile, the
HITSKK92 study from Germany sought to avoid use of CSI by in-
corporating high-dose systemic and intraventricular methotrexate
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with vincristine, cyclophosphamide, etoposide and carboplatin.'!
The 5-year PFS rate of 82%+9% for infants with completely
resected MO or M1 MB is the most promising to date. In that
study, desmoplastic histology was strongly prognostic for higher
PFS. Overall, while prolonged DI chemotherapy as given on study
9233 did not provide benefit to the entire study population, or to
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Fig.5. (A)EFS,P=.026 (MO + GTRvs. MO + STRor biopsyand M + ), and (B)
OS (P =.074) for sPNET patients classified by M-stage and extent of surgical
resection.

the patients with MB, later trials support further investigation of
shorter duration DI chemotherapy achieved with AHSCR or of in-
corporation of methotrexate into systemic therapy. One therapy
for all infant brain tumor diagnoses, or for all types of MB, is no
longer a rational or appropriate approach. The results of treatment
of infants with non-desmoplastic MB or with incompletely resected
or metastatic disease are slowly improving but remain suboptimal.

Another important observation from study 9233 concerns the
benefit of DI chemotherapy on EFS for patients with EP. We esti-
mate that 40% of patients treated with DI chemotherapy survive
long-term (>10 years) without having received RT. Others have
reported that infants with EP can be cured without RT. In the CCG
study, 45% of survivors of EP at 5 years had never received RT.?
Grundy et al, for the United Kingdom Children’s Cancer Group/
International Society of Paediatric Oncology (UKCCSG/SIOP)
study CNS9204, reported 42% of survivors not having been
treated with RT.'? In that trial, chemotherapy incorporated high-
dose methotrexate and RT was reserved for patients with recurrent
or progressive disease. It was noted that increased chance of sur-
vival was associated with an increased received dose-intensity of
chemotherapy. In the SFOP study, ~23% of patients surviving EP
4 years after diagnosis had not had RT.*> While historically in
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older children with EP the role of chemotherapy in achieving sur-
vival is not clear, the results of 9233 and of other studies suggest
that some cases of EP, at least in a subset of infants, are chemo-
therapy sensitive and possibly curable with surgery and chemo-
therapy alone.

Subsets of patients with EP for which chemotherapy may be
most beneficial and RT not necessary might be identifiable by hist-
ology, though published reports are conflicting. Follow-up data
submitted from institutions to the study PI (DS) indicated that
more than one-half of EP patients (43 of 73) were eventually
treated with RT, but less than half of these were treated on study
9233 or 9234. Thus, for the majority of patients with EP who
received RT, more detailed information about the RT was not col-
lected. However, the combined institutional and study data indi-
cate that, in our study, similar proportions of patients with grade
IT EP treated on Regimen B survive without RT (9 of 15) as were
treated on Regimen A (5 of 10). The results for patients with
grade III EP contrast to this: 11 of 12 patients treated on
Regimen A are known to have died, including all 6 who received
RT; from Regiment B, 4 of 5 patients who also received RT survive,
but only 1 of 6 who did not receive RT survived. These numbers of
patients are quite low, but suggest that for those patients with ana-
plastic histology, survival was more likely following Regimen B
chemotherapy with RT, compared to Regimen A chemotherapy
with or without RT or Regimen B without RT. These descriptive
data suggest a possible interplay of histology and treatment;
patients with grade II EP might be more likely to be cured with
chemotherapy alone, but patients with grade III EP might require
RT to survive. Histology can be subjectively interpreted but likely
reflects biology. Subsets of EP patients have also been identified
through other cytogenetic, pathologic and molecular features.***
As has been developed for medulloblastoma in older children,
international collaboration on studies of EP biology might yield
valid biological subsets of EP for which distinct therapies might ul-
timately be designed.*®

Not surprisingly, we found gross total resection of disease to be
associated with higher rates of EFS and OS for patients with EP, and
with higher rates of EFS for patients with MB and sPNET. These are
not novel findings, since data show that GTR of most tumor types
predicts a higher chance of survival.'” Given this, chemotherapy
for infants with brain tumors may facilitate a delayed GTR in
patients whose tumors were initially unresectable.*® Chemother-
apy may devascularize tumors and establish a more discernable
interface between tumor and normal brain. Planned second-look,
delayed operation to achieve GTR of disease has been incorporated
into ongoing COG infant brain tumor trials.

Finally, infants with ATRT and MG warrant brief discussion. The
diagnosis of ATRT was first appreciated in the late 1980s. During
the conduct of 9233, it is likely that the diagnosis became better
known to pediatric neuropathologists, and that its incidence on
9233 is underestimated. The COG is currently conducting the first
prospective study of children of all ages with ATRT, using INI1 ana-
lysis to confirm the diagnosis, induction chemotherapy that
includes methotrexate, and consolidation therapy that incorpo-
rates high-dose chemotherapy with AHSCR. The number of very
young children with MG is much lower than MB, EP, sPNET and
ATRT. Yet, results of 8633 and 9233 are provocative in showing
an apparent cure in 50% of these children, quite unlike the rates
achieved in older children and adults, but similar to small series
reported by others.*® ! These children, and their treating teams,

would benefit highly from an international cooperative trial with
correlative analyses of biological characteristics of disease.

In conclusion, the hypothesis that DI chemotherapy would
result in higher rates of EFS for very young children with malignant
brain tumors was not proven on study 9233. The benefit of DI
chemotherapy was reflected only in a significantly higher rate of
EFS for patients with EP; for nearly 40% of these patients, RT was
not necessary for long-term survival (>10 years). As has been
demonstrated by others, brain tumor cure was achieved in some
patients following surgery and chemotherapy alone. The arsenal
of active chemotherapy agents has changed little in the past two
decades; the addition of methotrexate to CNS tumor therapy is
relatively new and encouraging, but concerning as well for its po-
tential for adverse long-term effects. High-dose chemotherapy
regimens supported by AHSCR are under study. Subsets of patients
have beenidentified, on the basis of degree of tumor resection and
tumor histology, to which treatments are being successfully tai-
lored. For the majority of patients, however, curative therapy has
not yet been found. The search for such therapy may be aided by
further identification of patient- and tumor-derived biologic prog-
nostic factors. Due to the rarity of these tumors, this search will
need to be internationally collaborative.
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