
UCSF
UC San Francisco Previously Published Works

Title
Randomized Study of Two Chemotherapy Regimens for Treatment of Low-Grade 
Glioma in Young Children: A Report From the Children's Oncology Group

Permalink
https://escholarship.org/uc/item/5n95q6xb

Journal
Journal of Clinical Oncology, 30(21)

ISSN
0732-183X

Authors
Ater, Joann L
Zhou, Tianni
Holmes, Emiko
et al.

Publication Date
2012-07-20

DOI
10.1200/jco.2011.36.6054
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/5n95q6xb
https://escholarship.org/uc/item/5n95q6xb#author
https://escholarship.org
http://www.cdlib.org/


Randomized Study of Two Chemotherapy Regimens for
Treatment of Low-Grade Glioma in Young Children:
A Report From the Children’s Oncology Group
Joann L. Ater, Tianni Zhou, Emiko Holmes, Claire M. Mazewski, Timothy N. Booth, David R. Freyer,
Ken H. Lazarus, Roger J. Packer, Michael Prados, Richard Sposto, Gilbert Vezina, Jeffrey H. Wisoff,
and Ian F. Pollack

Joann L. Ater, University of Texas MD
Anderson Cancer Center, Houston;
Timothy N. Booth, University of Texas
Southwestern Medical Center, Dallas,
TX; Tianni Zhou and Emiko Holmes,
Children’s Oncology Group Operations
Center, Arcadia; David R. Freyer and
Richard Sposto, Children’s Hospital Los
Angeles, Los Angeles; Michael Prados,
University of California, San Francisco,
San Francisco, CA; Claire M. Mazewski,
Children’s Health Care Atlanta, Atlanta,
GA; Ken H. Lazarus, Indiana University
Medical Center, Indianapolis, IN; Roger
J. Packer and Gilbert Vezina, Children’s
National Medical Center, Washington,
DC; Jeffrey H. Wisoff, New York
University, New York, NY; and Ian F.
Pollack, Children’s Hospital of Pitts-
burgh, Pittsburgh, PA.

Submitted April 20, 2011; accepted
March 23, 2012; published online
ahead of print at www.jco.org on June
4, 2012.

Supported by Grant No. U10 CA98543
from the National Institutes of Health to
the Chairman of the Children’s Oncol-
ogy Group.

Presented in part at the 12th Interna-
tional Symposium on Neuro-Oncology,
Nara, Japan, June 6-9, 2006; 13th Inter-
national Symposium on Neuro-
Oncology, Chicago, IL, June 29-July2,
2008; and 40th Congress of the Inter-
national Society of Pediatric Oncology,
Berlin, Germany, September 21-23,
2008.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Corresponding author: Joann L. Ater, MD,
Division of Pediatrics, University
of Texas MD Anderson Cancer Center,
1515 Holcombe Blvd, Unit 87, Houston, TX
77030; e-mail: jater@mdanderson.org.

© 2012 by American Society of Clinical
Oncology

0732-183X/12/3021-2641/$20.00

DOI: 10.1200/JCO.2011.36.6054

A B S T R A C T

Purpose
Surgery is curative therapy for pediatric low-grade gliomas (LGGs) in areas of the brain amenable
to complete resection. However, LGGs located in areas where complete resection is not possible
can threaten both function and life. The purpose of this study was to compare two chemotherapy
regimens for LGGs in children younger than age 10 years for whom radiotherapy was felt by the
practitioner to pose a high risk of neurodevelopmental injury.

Patients and Methods
Previously untreated children younger than age 10 years with progressive or residual LGGs were eligible.
Children were randomly assigned to receive carboplatin and vincristine (CV) or thioguanine, procarbazine,
lomustine, and vincristine (TPCV). Children with neurofibromatosis are reported separately.

Results
Of 274 randomly assigned patients who met eligibility requirements, 137 received CV and 137 received
TPCV. The 5-year event-free survival (EFS) and overall survival (OS) rates for all eligible patients were
45% � 3.2% and 86% � 2.2%, respectively. The 5-year EFS rates were 39% � 4% for CV and 52% �
5% for TPCV (stratified log-rank test P � .10; cure model analysis P � .007). On multivariate analysis, factors
independently predictive of worse EFS and OS were younger age and tumor size greater than 3 cm2.
Tumor location in the thalamus was also associated with poor OS.

Conclusion
The difference in EFS between the regimens did not reach significance on the basis of the
stratified log-rank test. The 5-year EFS was higher for TPCV on the basis of the cure model
analysis. Differences in toxicity may influence physician choice of regimens.

J Clin Oncol 30:2641-2647. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Low-grade astrocytomas (WHO grade 1 and 2) are
the most common brain tumors of childhood.1

Prognosis is excellent for those in whom total exci-
sion is possible, with more than 90% survival at 10
years following surgery alone.2,3 Although 10-year
event-free survival (EFS) rates as high as 74% have
been reported in children with incompletely re-
sected low-grade gliomas (LGGs) treated with con-
formal radiotherapy, concerns about toxicity of
radiotherapy in young children have limited its use
in this population.3 Young children are more at risk
for late effects of radiotherapy, including decrease in
intellectual function, endocrine deficits, second
neoplasms, hearing loss, and vasculopathy.4-9 Be-
cause of these concerns, several groups have used
chemotherapy to delay or replace radiotherapy in

young children with tumors in critical locations not
amenable to complete resection or when tumors
progress after surgery or radiation.10,11

When this trial was planned, the regimens that
had previously been studied in LGGs were reviewed
for their ability to produce objective responses and
preliminary evidence of efficacy in controlling tu-
mor regrowth. The two regimens selected were car-
boplatin and vincristine (CV)12,13 and thioguanine,
procarbazine, dibromodulcitol, lomustine, and vin-
cristine (TPDCV).14,15 Both regimens had a less
than 10% tumor progression rate within the first 12
weeks of treatment and both were well tolerated.
When the study opened, dibromodulcitol was not
available, so the agent was deleted, resulting in the
TPCV regimen.

The primary aim of this study was to compare
EFS for these two chemotherapy regimens for LGGs
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in children younger than age 10 years for whom radiotherapy was felt
by the practitioner to pose a high risk of neurodevelopmental injury.
To the best of our knowledge, this study is the first centrally reviewed
and randomized study of chemotherapy for LGGs in young children.
Secondary aims were to compare tumor response rates and toxicity of
the two regimens and to identify clinical prognostic factors to stratify
children on future studies.

PATIENTS AND METHODS

Patients

The Children’s Oncology Group Protocol A9952 was opened to Chil-
dren’s Cancer Group (CCG) in April 1997 and to Pediatric Oncology Group
(POG)memberinstitutionsinAugust2000whenthegroupsmerged.Itwasclosed
to new patient entry in January 2005. Patients were younger than age 10 years at
study entry and had LGGs (WHO grades 1 and 216) with less than 95%
resection or residual tumor of more than 1.5 cm2 that were newly diagnosed
with residual tumor or were progressive after surgery. Eligible histopathologic
diagnoses included low-grade astrocytoma, pilocytic astrocytoma, pleomor-
phic xanthoastrocytoma, subependymal giant cell astrocytoma, infantile
desmoplastic astrocytoma, low-grade oligodendroglioma, oligoastrocytoma,
ganglioglioma, and infantile desmoplastic ganglioglioma. In addition,
chiasmatic-hypothalamic tumors intrinsic to the optic pathway were eligible
without pathologic confirmation. Pathology was centrally reviewed for eligi-
bility by the study neuropathologist (A. Yates). Tumors of all areas of the brain
with appropriate histology and residual tumor were eligible, except for intrin-

sic tumors of the pons and optic nerve tumors without involvement of the
optic chiasm. Patients with clinically or radiologically progressive tumors were
enrolled within 6 weeks of progression. Patients with newly diagnosed incom-
pletely resected tumors who were symptomatic were enrolled within 6 weeks
of surgery or radiologic diagnosis of an optic pathway tumor. Patients must
have received no previous treatment for tumor other than surgery. Random-
ization occurred at study entry, and chemotherapy was started within 3 days of
enrollment. The study also included a nonrandomized arm for patients with
neurofibromatosis type 1. These results will be reported separately. All patients
and/or guardians gave written informed consent according to institutional
and National Cancer Institute guidelines, and the protocol was approved by
the institutional review boards at all participating centers.

Study Design

Patients were randomly assigned to CV or TPCV (Figs 1 and 2). The
objective response to chemotherapy was determined at 6 months and end
of therapy by the institution and by central review by the study neuroradi-
ologists (G.V. and T.N.B.), who also retrospectively reviewed the baseline
magnetic resonance imaging (MRI) scans for eligibility and the MRI dem-
onstrating progression. MRI evaluations were performed at least every 3
months while the patient was on therapy, every 3 months the first year off
therapy, then at 6-month intervals until 5 years off therapy. The protocol
did not include further surgery or radiation.

Evaluation of Tumor Response

Tumor size was estimated from maximal bidimensional measurements
by using the product of longest diameter and its longest perpendicular diam-
eter for solid components of each lesion, excluding cysts. Because enhance-
ment can vary depending on technique and timing, the fluid attenuated

Enrolled on study
(N = 293)

Randomly allocated
(n = 274)

Ineligible by review
Reason ineligible 
   Ineligible pathology 
   No residual tumor 
   Optic nerve only 
   Ineligible by institution 
   No informed consent 
   Total 

Allocated to CV
   Received allocated intervention
   Did not receive allocated intervention 
      as a result of patient withdrawal 
         before treatment

(n =137)
(n =136)

(n =1)

Total lost to follow-up
Discontinued intervention
   Toxicity
   Withdrawal by parent
   Withdrawal by physician
   Lost to follow-up during treatment 
   Other

(n = 10)
 

(n = 26)
(n = 2)
(n = 3)
(n = 2)
(n = 4)

Total lost to follow-up
Discontinued intervention
   Toxicity
   Withdrawal by parent
   Withdrawal by physician
   Lost to follow-up during treatment 
   Other

Analyzed for EFS 
Excluded from analysis 

(n = 137)*
 

Analyzed for EFS 
Excluded from analysis 

(n = 137)*
 

 
(n = 0)

 
(n = 0)

(n = 14)
 

(n = 2)
(n = 8)
(n = 7)
(n = 1)
(n = 4)

Allocated to TPCV
   Received allocated intervention
   Did not receive allocated intervention 
      as a result of patient withdrawal 
         before treatment

(n =137)
(n =135)

(n = 2)

(n = 19)
CV    TPCV 

5
2
0
0
3

10

 
5
2
1
1
0
9

Fig 1. CONSORT diagram. CV, carbopla-
tin and vincristine; EFS, event-free sur-
vival; TPCV, thioguanine, procarbazine,
lomustine, and vincristine. (*) Patients lost
to follow-up or off study were censored at
date last seen.
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inversion recovery (FLAIR) and T2-weighted images were primarily used by
the central reviewers to determine response. Complete response was defined as
complete disappearance of all known disease, partial response as at least 50%
reduction in maximal tumor area with no new lesions or progression of any
lesion, minor response as a 25% to 50% reduction, stable disease as a change
less than�25% in tumor area, and progressive disease as an increase of � 25%
in tumor area in any site of residual tumor or reappearance of tumor at any site.
The date of progression for this analysis was based on the institutional report
since that was the date the patient ended protocol therapy.

Statistical Analysis

Patients who did not have neurofibromatosis were randomly assigned to
one of the experimental regimens on study enrollment, stratified by site of
disease (hypothalamic/optic v other), status of entry (progressive low-grade
astrocytoma v newly diagnosed, incomplete resection), and pathology (pilo-
cytic v fibrillary v other; Fig 1). The primary end points for analysis of treat-
ment efficacy were EFS and overall survival (OS). EFS was defined as the time
to first disease progression, disease recurrence, death from any cause, or
occurrence of a second malignant neoplasm (SMN). OS was defined as the
time to death from any cause. The accrual target was 280 to 340 eligible,
correctly randomly assigned patients enrolled over a 4-year period. Assuming
EFS no greater than 50% at 5 years, with the majority of progressions occurring
within the first 4 years, 5% yearly loss to follow-up rate, and final analysis
occurring after a minimum of 1 year follow-up, and based on the log-rank test,
a sample size of at least 280 randomly assigned patients ensured that a decision
to carry the treatment forward with the higher observed 5-year EFS would be
correct with at least 80% probability if the true difference in 5-year EFS were
5% and would be correct with at least 95% chance if there were a 10%
difference. This sample size provided at least 80% power to detect a 1.95-fold
difference in failure rate on the basis of a two-sided log-rank test with 5% type
I error.17,18 Interim monitoring was based on the method of Lan-Demets.19

The primary planned randomized treatment comparison was based on the
log-rank test stratified for the risk group. Because it appeared that the
proportional hazards assumption on which the validity of the log-rank test
depends may not hold (ie, the survival curves crossed), a secondary,
unplanned analysis of the difference in long-term EFS in the two randomly
assigned groups was also performed. This was based on a log normal
nonmixture parametric cure model analysis, adjusting for the stratification
factor.20 Details of this analysis, which does not depend on the propor-
tional hazard assumption, are provided in the Appendix (online only).
Patients were analyzed according to their original assigned treatment with-
out regard to which treatment they actually received and without regard to
any deviations from that treatment that might have occurred or any
nondisease events that may have occurred after the patients were enrolled.
The only patients excluded from the analysis were the ineligible patients as
shown in Figure 1.

Nonparametric EFS and OS curves were computed by using the
product-limit (Kaplan-Meier) estimates, with SEs via the Greenwood for-
mula. Multivariate Cox regression analysis was used to analyze possible
prognostic factors for the risk of recurrence. Cumulative incidences for
toxicity were obtained by using life table methods, with an event defined as
the first occurrence of a primary toxicity. The time scale used is the time in
days to first occurrence of a key acute or subacute toxicity since the start of
therapy. Patients who had progression or recurrence of disease were cen-
sored in these analyses. The test of differences in toxicity rates between
treatments was based on the log-rank test. Our analysis is based on the data
cutoff of June 2010.

RESULTS

Patient Characteristics

Between April 1997 and January 2005, the study enrolled and
randomly assigned 293 patients. After central review, there were 19
ineligible patients, nine for CV and 10 for TPCV. Reasons for exclu-
sion for CV and TPCV are shown in Figure 1. Characteristics of

patients at the time of enrollment are provided in Table 1. In all, 137
patients were randomly assigned to each regimen.

Treatment Failures

Of 274 eligible patients, 151 experienced a treatment failure
event, as defined by their treating institution, and 38 have died. Pa-
tients who did not experience EFS were followed for a median of 5.7
years as of the data cutoff date. Two patients treated with TPCV had
SMNs, but there were none in the CV treatment group. The SMN was
the first event in one patient. The SMNs were myelodysplastic syn-
drome (not otherwise specified) at 5.5 years after diagnosis in a patient

Table 1. Patient Characteristics

Characteristic

CV
(n � 137)

TPCV
(n � 137)

All
(N � 274)

No. % No. % No. %

Sex
Male 63 46 66 48 129 47
Female 74 54 71 52 145 53

Age, years
� 1 19 14 15 11 34 12
1-5 69 50 67 49 136 50
5-10 49 36 55 40 104 38

Race
White 104 76 84 61 188 69
Hispanic 15 11 23 17 38 14
African American 9 7 17 12 26 9
Other/unknown 9 7 13 9 22 8

Status at entry
Newly diagnosed 98 72 99 72 197 72
Progressive low-grade

astrocytoma 38 28 37 27 75 27
Unknown 1 1 1 1 2 1

Amount of residual tumor, cm2

� 1.5 15 11 4 3 19 7
1.5-3.0 28 20 38 28 66 24
� 3 79 58 73 53 152 55
Unknown/not measurable 15 11 22 16 37 14

Extent of resection
No surgery 24 18 20 15 44 16
Biopsy only (� 10%) 48 35 49 36 97 35
Partial/subtotal (10%–95%) 57 42 62 45 119 43
Radical subtotal (� 95%) 7 5 4 3 11 4
Unknown 1 1 2 1 3 1

Institutional pathology
Juvenile pilocytic astrocytoma 60 44 64 47 124 45
Low-grade fibrillary astrocytoma 12 9 16 12 28 10
Low-grade astrocytoma, NOS 15 11 12 9 27 10
Other eligible diagnosis 10 7 11 8 21 8
No biopsy/insufficient tumor

tissue 40 29 34 25 74 27
Tumor site

Optic chiasm/hypothalamus 71 52 67 49 138 50
Thalamus 11 8 14 10 25 9
Other supratentorial 20 15 23 17 43 16
Posterior fossa/brainstem 25 18 25 18 50 18
Spinal cord 6 4 3 2 9 3
Unknown/missing 4 3 5 4 9 3

Abbreviations: CV, carboplatin and vincristine; NOS, not otherwise specified;
TPCV, thioguanine, procarbazine, lomustine, and vincristine.
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who also had recurrence of primary tumor and subsequent treatment
with temozolomide and a papillary thyroid carcinoma 6.5 years after
primary diagnosis.

Overall Outcome and Treatment Effect

Five-year EFS and OS rates for 274 randomly assigned patients
were 45% � 3.2% and 86% � 2.2%, respectively. Five-year EFS was
39% � 4% for the CV regimen and 52% � 5% for the TPCV regimen
(stratified log-rank test P � .1; Fig 3). On the basis of the secondary
unplanned cure model, there was evidence that the EFS outcome in
these two treatment arms differed in general (P � .025; likelihood
ratio �2, 2 df). This general difference was attributable mostly to the
difference in the long-term EFS (P � .007; likelihood ratio �2, 1 df),
and in part to nonproportionality (ie, the survival curves were
similar in early follow-up but differed only later; P � .027; likeli-
hood ratio �2, 1 df).

Five-year EFS by stratum was 49% � 6% for patients with
pilocytic astrocytoma, 44% � 5% for those with hypothalamic/
optic chiasmal tumors, and 34% � 10% for those with fibrillary
astrocytoma (Appendix Fig A1, online only). Five-year OS was
86% � 3% for CV and 87% � 7% for TPCV (log-rank P � .52).
Five-year OS was 88% � 4% for patients with pilocytic astrocy-
toma, 87% � 3% for those with hypothalamic/optic chiasmal
tumors, and 79% � 8% for those with fibrillary astrocytoma.

Prognostic Factors

Multivariate analysis revealed two factors that were indepen-
dently predictive of EFS: age and the amount of residual tumor
(Table 2). The relative risk for progression/relapse was 3.4 times
higher (95% CI, 1.99 to 5.66) in patients who were younger than
age 1 year than in those who were older than age 5 years. Five-year
EFS was 19% � 7% for patients younger than age 1 year, 51% �
4% for those age 1 to 5 years, and 64% � 4% for those older than 5
years. The relative risk for progression/relapse was 0.65 times lower
(95% CI, 0.44 to 0.97) in patients with residual tumor less than 3.0
cm2 than in patients with residual tumor � 3.0 cm2. None of the
following variables had an association with EFS that reached the
nominal significance level P � .05: sex, race, histology, extent of
resection, tumor enhancement, treatment at diagnosis versus at
progression, or objective tumor response to chemotherapy. Three
factors were independently associated with OS: age, tumor site, and
amount of residual tumor (Table 2).

Tumor Response

Tumor responses to each regimen at the end of chemotherapy
(after CV maintenance cycle 8 or TPCV cycle 8), as coded by central
review, are listed in Table 3. There were 44 patients (32%) in the CV
regimen and 34 patients (25%) in the TPCV regimen who were not
evaluable for response because they went off therapy for allergic

A

B

Induction

Maintenance

VCR
CP

VCR
CP

VCR
CP

VCR
CP CP

VCR
CP

VCR
CP

Day 84/0635649423528211470

VCR
CP

VCR VCR
VCR
CP

VCR
CP

VCR
CP

VCR
CP

Begin maintenance
when CBC recovers 
to ANC > 1,000 and 
platelets > 100,000

Day 0 7 14 21 42/0

Begin next cycle of maintenance chemotherapy
when ANC > 1,000 and platelets > 100,000 for a 
total of 8 cycles

Cycle

TG 30 mg/m2 orally
PCB 50 mg/m2 orally
CCNU 110 mg/m2 orally
VCR 1.5 mg/m2 (max 2 mg) IV

VCR 1.5 mg/m2 (max 2 mg) IV
CP 175 mg/m2 IV

Hour 0 6 12 18 24 30 42 48 54 60 66 72 78
8241321yaD 0/241

TG     TG TG TG TG TG TG TG TG TG TG

PCB        PCB       PCB      PCB
CCNU

VCR         VCR

Begin next cycle  TPCV when
ANC > 1,000 and platelets >
100,000 for a total of 8 cycles

Fig 2. Treatment schema for induction and maintenance therapy for two regimens. Regimen A: carboplatin (CP) and vincristine (VCR). Regimen B: TPCV, thioguanine
(TG), procarbazine (PCB), CCNU (lomustine), and vincristine (VCR). ANC, absolute neutrophil count.
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reactions to carboplatin, parent choice, physician choice, or did
not submit scans before the last course of chemotherapy.

Toxicity

Table 4 describes cumulative incidence of toxicity by the end of
chemotherapy with comparisons between the CV and TPCV treat-
ment groups. All the allergic reactions reported were attributed to
carboplatin. When the study opened, patients were required to be
removed from carboplatin therapy for any grade allergic reaction. On
August 11, 2000, the protocol was amended to allow patients with
grade 1 to 2 allergic reactions to remain on study if they did not

progress to grade 3 to 4. A total of 26 patients went off therapy for
allergic reactions. The incidence of peripheral nervous system grade 3
to 4 toxicity was 19% for CV and 19% for TPCV because of the
vincristine in both regimens. TPCV also had more reported CNS
grade 3 to 4 toxicity. For both regimens, neurologic symptoms from
tumor were reported as CNS events related to drug treatment in
several patients. For CV, six patients (2.2%) were coded as having CNS
toxicity when cranial nerve deficits and leg weakness were present and
accompanied by other signs of vincristine toxicity. This did not occur
with TPCV. The primary difference was that 11 patients had grade 3 or
4 episodes of transient weakness or seizures with TPCV, although only
one patient given CV had this problem.

There were two patients who went off therapy for toxicity on the
TPCV regimen. The percentage of patients who had therapy modified
because of toxicity for each course of maintenance (two cycles) for CV
and TPCV, respectively, were course 1, 13.04% and 1.24%; course 2,
13.66% and 4.97%; course 3, 10.56% and 8.07%; and course 4, 4.97%
and 12.42%. Twenty-one patients receiving TPCV and 11 receiving
CV discontinued treatment for reasons other than event, completion
of therapy, or toxicity: withdrawal by parent (8 and 2), withdrawal by
doctor (7 and 3), lost to follow-up (1 and 2), and other/unknown (5
and 4).
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No. at risk
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65

24
37

9
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1
1

Fig 3. Event-free survival for patients randomly assigned to regimen A (CV:
carboplatin and vincristine) or regimen B (TPCV: thioguanine, procarbazine, CCNU
[lomustine], and vincristine).

Table 2. Multivariate Risk Factors Affecting Outcome

Prognostic Factor Hazard Ratio 95% CI P

Affecting event-free survival
Age, years

� 5 1.0 � .001
1-5 1.8 1.21 to 2.73
� 1 3.4 1.99 to 5.66

Residual tumor, cm2

� 3.0 1.0 .03
� 3.0 0.65 0.44 to 0.97

Affecting overall survival
Age, years

� 5 1.0 .001
1-5 0.94 0.35 to 2.56
� 1 6.0 2.04 to 17.4

Tumor site
Thalamus 1.0 .001
Midbrain 0.20 0.049 to 0.83
Hypothalamus/optic
chiasm 0.1 0.037 to 0.35
Other 0.12 0.03 to 0.43

Residual tumor, cm2

� 3.0 1.0 .03
� 3.0 0.31 0.1 to 0.91

Table 3. Tumor Response at End of Chemotherapy by Central Review

Review Response

CV TPCV

No. % 95% CI No. % 95% CI

Complete/partial 33 35 27 to 46 31 30 22 to 40
Minor 14 15 9 to 24 23 22 15 to 31
Stable disease 16 17 11 to 26 16 16 10 to 24
Progressive disease/recurrence/off

study because of progressive
disease 30 32 26 to 42 33 32 24 to 42

Total 93 100 103 100

Abbreviations: CV, carboplatin and vincristine; TPCV, thioguanine, procarba-
zine, lomustine, and vincristine.

Table 4. Cumulative Incidence of Toxicity by End of Chemotherapy

Key Toxicity

Grade 3 or 4 Grade 4 Only

CV TPCV P CV TPCV P

Absolute neutrophil count 94 77 � .001 73 48 � .001
Platelets 21 48 � .001 8 26 � .001
Hemoglobin 35 40 .91 6.1 7.9 .68
ALT 3 11 .004 1.2 2.8 .09
Total bilirubin 0.0 1.5 .16 0.0 0.7 .32
Creatinine 1.2 0.0 1.00 1.2 0.0 1.00
Creatinine clearance 0.0 0.9 .33 0.0 0.0 1.00
Pulmonary 2.1 3.3 .44 1.0 2.6 .34
Calcium 4.8 2.5 .69 2.9 1.7 .64
Magnesium 2.8 2.3 .65 0.7 0.0 .32
Peripheral nervous system 19 19 .92 0.0 0.0 1.00
CNS 12 24 .004 0.7 3.4 .19
Allergy 10 0 � .001 2.8 0.0 .08
Infection 23 26 .39 0.0 1.7 .16

Abbreviations: CV, carboplatin and vincristine; TPCV, thioguanine, procarba-
zine, lomustine, and vincristine.
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DISCUSSION

The A9952 clinical trial was initiated in 1997 to validate the approach
of using chemotherapy for LGG to improve survival and delay radio-
therapy in young children and to compare effectiveness and toxicity of
the two regimens. The 5-year EFS was 39% � 4% for CV and 52% �
5% for TPCV. EFS with the TPCV regimen was similar to that of CV in
the first 2 years, but EFS was higher long-term for TPCV, based on the
cure model analysis. Although the strength of this evidence of a differ-
ence in EFS provided by the planned stratified log-rank test (P � .1),
did not reach the traditional P � .05 level, we also performed a
secondary, unplanned, and admittedly data driven cure model analy-
sis. Data driven analyses should be viewed with some skepticism, since
one is testing for the difference that one sees without having an a priori
expectation that it would exist. We think, though, that this analysis
suggests that TPCV prevents tumor progression in a higher propor-
tion of patients than does CV.

TPCV had slightly more toxicity when the allergic reactions to
carboplatin were excluded. The concern by some physicians has
been the potential for toxicity of the TPCV regimen, especially the
risk of second neoplasms. The objective toxicity data presented in
this article show that this may have been feared out of proportion
to the facts. The one patient with secondary leukemia was also
treated with temozolomide, an alkylator with potential risk for
second neoplasms. The 15-year follow-up of the TPDCV regimen
of 33 patients also showed only one second neoplasm, an osteosar-
coma in the radiation field.21

Both regimens have efficacy that is comparable to or superior to
that of other regimens in recent trials. For example, weekly vinblastine
was reported in nine children with LGGs who had allergic reactions to
carboplatin and low toxicity. Response was evaluated from diagnosis
and included response to both CV and vinblastine. Median follow-up
was 10 months, so EFS was not determined.22 St. Jude Children’s
Research Hospital reported a study of tamoxifen and carboplatin with
two of 14 patients having an objective response.23 Massimino et al24,25

in Italy studied cisplatin and etoposide in children younger than 21
years with LGGs who achieved a 70% response rate but at the expense
of high-frequency ototoxicity. This same group reported 37 children,
median age 6 years, treated with a lower dose cisplatin and etoposide
regimen with less ototoxicity and 3-year EFS of 65%. The French
Society of Pediatric Oncology studied the combination of procarba-
zine, carboplatin, vincristine, etoposide, cisplatin, and cyclophospha-
mide.26 They achieved a 34% progression-free survival rate at 5 years
in children younger than age 5 years when enrolled. The Children’s
Oncology Group (COG) and others have also studied oral temozolo-
mide in small groups of children with recurrent LGGs.27,28 The COG

phase II study of temozolomide found one partial response in 21
children with LGGs, but 41% had stable disease through all 12 courses
of the chemotherapy. Khaw et al27 treated 13 children ages 3.8 to 15.2
years with progressive LGG with temoxolomide, and the 3-year EFS
was 57%. Finally, new regimens that include bevacizumab and irino-
tecan29 have been evaluated in large groups of previously treated
children with recurrent hypothalamic juvenile pilocytic astrocytoma,
with seven of 10 tumors having objective responses.28

The prognostic factors identified by this study can form the basis
for future clinical trials. The importance of this is illustrated by the
difficulty of comparing the recent clinical trials mentioned earlier that
included different age groups, no information about tumor size, and
different end points. For LGGs, as for other childhood tumors, there
should be some risk stratification so that results of phase II trials can be
adequately compared, thus avoiding comparisons between patient
groups with different prognoses. In addition, treatment can be re-
duced for groups with better prognosis to permit more tailored treat-
ment approaches in the future. Risk stratification by biologic markers
and further individualization of care should be explored. To provide
this biologic information, tumor biopsy, when feasible, will be impor-
tant in future studies since new potentially prognostic genetic abnor-
malities, such as IDH and BRAF, that were not known at the time of
our study, have been identified.30,31 With exciting new studies that
show alterations in the BRAF gene in pediatric LGG, biologically
targeted treatments may be possible in the future.30,32
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