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abstract

PURPOSE The primary objective of the Children’s Oncology Group study ANBL0531 (ClinicalTrials.gov identifier:
NCT00499616) was to reduce therapy for subsets of patients with intermediate-risk neuroblastoma using
a biology- and response-based algorithm to assign treatment duration while maintaining a 3-year overall survival
(OS) of 95% or more for the entire cohort.

PATIENTS AND METHODS Children younger than age 12 years with intermediate-risk stage 2A/2B or stage 3
tumors with favorable histology; infants younger than age 365 days with stage 3, 4 or 4S disease; and toddlers
from 365 to younger than 547 days with favorable histology, hyperdiploid stage 4, or unfavorable histology stage
3 tumors were eligible. Patients with MYCN-amplified tumors were excluded. Patients were assigned to initially
receive two (group 2), four (group 3), or eight (group 4) cycles of chemotherapy with or without surgery on the
basis of prognostic markers, including allelic status of chromosomes 1p and 11q; ultimate duration of therapy
was determined by overall response.

RESULTS Between 2007 and 2011, 404 evaluable patients were enrolled. Compared with legacy Children’s
Oncology Group studies, subsets of patients had a reduction in treatment. The 3-year event-free survival and OS
rates were 83.2% (95% CI, 79.4% to 87.0%) and 94.9% (95% CI, 92.7% to 97.2%), respectively. Infants with
stage 4 tumors with favorable biology (n = 61) had superior 3-year event-free survival compared with patients
with one or more unfavorable biologic features (n = 47; 86.9% [95% CI, 78.3% to 95.4%] v 66.8% [95% CI,
53.1% to 80.6%]; P = .02), with a trend toward OS advantage (95.0% [95% CI, 89.5% to 100%] v 86.7% [95%
CI, 76.6% to 96.7%], respectively; P = .08). OS for patients with localized disease was 100%.

CONCLUSION Excellent survival was achieved with this treatment algorithm, with reduction of therapy for subsets
of patients. More-effective treatment strategies still are needed for infants with unfavorable biology stage 4
disease.

J Clin Oncol 37:3243-3255. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Neuroblastoma is characterized by a broad array of
clinical behavior,1,2 and biomarkers are used to
classify risk and stratify treatment.3 Previous multi-
institutional and cooperative group risk-based clinical
trials have led to substantial improvement in out-
comes for children with neuroblastoma,4 with in-
creasingly intensive multimodality approaches for
high-risk patients5-8 and successive reductions in
therapy for patients with low- and intermediate-risk
disease.9-11 The overall objective of Children’s On-
cology Group (COG) ANBL0531 (ClinicalTrials.gov
identifier: NCT00499616) was to further reduce

chemotherapy exposure and surgical morbidity for
subsets of intermediate-risk patients while maintaining
90% or greater 3-year overall survival (OS) within each
clinical and biologic biomarker-defined treatment
stratum (group) and 95% or greater 3-year OS for the
entire cohort. The study also tested the efficacy of
a standard retrieval approach for patients who de-
veloped progressive, nonmetastatic disease.

PATIENTS AND METHODS

Study Design and Oversight

This study was a prospective, single-arm, phase III
clinical trial with a comparison benchmark selected
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on the basis of a historical cohort. Chemotherapy
treatment assignment was stratified by the degree of
surgical resection for patients with stage 2A/2B tumors,
the presence of symptoms for patients with stage 4S
disease, the allelic status of chromosomes 1p36 and
11q23,12 age at diagnosis, International Neuroblastoma
Staging System (INSS) stage, histology,MYCN status, and
ploidy.

Patients and Tumor Assessments

Patients were staged according to the INSS,13 and response
was assessed using a protocol-specific modification of the
International Neuroblastoma Response Criteria.13 Primary
tumor response was defined by tumor volume as follows:
partial response (PR; 50% to 90% reduction), very good PR
(VGPR; greater than 90% reduction), or complete re-
sponse. Tumors were classified as favorable or unfavorable
biology on the basis of ploidy for infants younger than
365 days and toddlers age 365 to younger than 547 days
with stage 4 disease, histology (favorable histology [FH],
unfavorable histology [UH]) according to the International
Neuroblastoma Pathology Classification system,14 and the
allelic status of chromosome 1p36 and 11q23. Patients
with MYCN-amplified tumors were excluded. The study
cohort included patients 12 years of age or younger with
stage 2A/2B tumors with less than 50% resection or biopsy
only, infants younger than 365 days with stage 3 or 4
neuroblastoma, patients 365 days to 12 years of age with
FH stage 3 tumors, toddlers age 365 days to younger than
547 days with UH stage 3 disease, toddlers age 365 to
younger than 547 days with stage 4 biologically favorable
tumors (FH, hyperdiploid, any 1p/11q status), and infants
younger than 365 days with stage 4S neuroblastoma who
were either symptomatic or had biologically unfavorable
(UH, diploid) tumors. The cohort of patients with stage 4S
disease was reported separately.15 Written informed con-
sent was obtained from parents or guardians after the study
was approved by the National Cancer Institute Pediatric
Central institutional review board and the local institutional
review board.

MYCN copy number was determined by fluorescence
in situ hybridization,16 DNA index by flow cytometry,17 and
allelic status of 1p36 and 11q23 by polymerase chain
reaction–based analysis of microsatellite repeat loci, all at
the COG reference laboratory. Histology was centrally
reviewed and classified according to the International
Neuroblastoma Pathology Classification system.14

Initial Treatment Assignment

Eligible patients were assigned to initially receive two
(group 2), four (group 3), or eight (group 4) cycles of
chemotherapy on the basis of age at diagnosis, INSS
stage, histology, and genetic features of the tumor. If data
were missing for any tumor biomarker, the result was
classified as unfavorable. Table 1 lists the clinical and
biologic characteristics of the patients initially assigned

to groups 2, 3, and 4 and shows the comparison of
treatment assignments in ANBL0531 versus the legacy
COG clinical trials. Group 1 patients were not eligible for
this trial.

The chemotherapy regimens in ANBL0531 and A3961
(ClinicalTrials.gov identifier: NCT00003093) were the
same10 (Appendix Table A1, online only). Second-look
surgery of the primary tumor was scheduled after the
assigned number of chemotherapy cycles, although not
required for group 2 and 3 patients who achieved PR or
better of the primary tumor with chemotherapy alone. The
treatment end point for group 3 patients with stage 4 or 4S
disease was resolution of nonliver/nonskin metastases and
PR or better of the primary tumor. Group 2 and 3 patients
who did not achieve the treatment end point with the
assigned regimen received up to eight cycles of front-line
chemotherapy, and up to six additional cycles of cyclo-
phosphamide and topotecan (CPM + TOPO; Appendix
Table A1). The treatment end point for all group 4 patients
was VGPR or better of the primary tumor and resolution of
nonliver/nonskin sites for patients with metastatic disease.
Six cycles of isotretinoin were administered to group 4
toddlers who achieved a VGPR or better after eight cycles of
chemotherapy with or without surgery (Appendix Table A1).
Group 4 patients who did not achieve VGPR were treated
with CPM plus TOPO.

For tumors with intraspinal extension and cord compres-
sion, the criteria to stop therapy included the achievement
of both the group-defined treatment end point and suffi-
cient shrinkage of the intraspinal tumor to minimize the risk
of ongoing or impending neurologic impairment. Lam-
inectomy for surgical debulking was not recommended as
primary therapy.

Retrieval Therapy for Progressive, Nonmetastatic Disease

Up to six cycles of CPM plus TOPO (Appendix Table A1)
were used as salvage therapy for progressive, non-
metastatic disease within 3 years of study enrollment. The
treatment end point was VGPR. Patients with recurrent or
progressive metastatic disease at any time were removed
from protocol therapy.

Toxicity Monitoring

All patients underwent evaluations of hematologic, hepatic,
and renal function every 3 weeks. Cardiac function was
evaluated at diagnosis, after cycle 4, and at end of therapy.
Auditory function was assessed at diagnosis and end of
therapy. Toxic effects were defined according to the Na-
tional Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.0), and all grade 3 or greater
toxicities were documented.

Statistical Analysis

The primary end point was OS time calculated from the
date of diagnosis to the occurrence of death as a result of
any cause. Event-free survival (EFS) time was calculated
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TABLE 1. Intermediate-Risk Neuroblastoma Initial Treatment Assignment

INSS Stage Age Biologic Features

COG ANBL0531
Baseline

Treatment (No.
of Cycles)

Risk Group and
Treatment Assignment

in COG Legacy
Studies* (No. of Cycles)

Change in Treatment
Strategy

Group 2 2

2A/2B, , 50%
resected or
biopsy only
(n = 40)

0-12 years MYCN-NA, any histology/
ploidy

Low: 4 Yes

Normal 1p and 11q Fewer cycles and PR end
point

3 (n = 70) , 365 days MYCN-NA, FH, DI . 1 Intermediate: 4 Yes

Normal 1p and 11q Fewer cycles and PR end
point

3 (n = 48) 365 days-12 years MYCN-NA, FH Intermediate: 4 Yes

Normal 1p and 11q Fewer cycles and PR
endpoint

4S symptomatic
(n = 17)

, 365 days MYCN-NA, FH, DI . 1 Low: 2-4 Yes

Normal 1p and 11q Fewer cycles, PR end point
and no resection of
primary tumor

Group 3 4

2A/2B , 50%
resected or
biopsy only (n =
18)

0-12 years MYCN-NA, any histology/
ploidy

Low: 4 Yes

1p LOH and/or 11q LOH or
data missing for either

PR end point

3 (n = 21) , 365 days MYCN-NA, FH, DI . 1 Intermediate: 4 Yes

1p LOH and/or 11q LOH or
data missing for either

PR end point

3 (n = 6) , 365 days MYCN-NA, either DI = 1
and/or UH

Intermediate: 8 Yes

Normal 1p and 11q Fewer cycles and PR end
point

3 (n = 15) 365 days-12 years MYCN-NA, FH Intermediate: 4 Yes

1p LOH and/or 11q LOH or
data missing for either

PR end point

4 (n = 61) , 365 days MYCN-NA, FH, DI . 1 Intermediate: 4 Yes

Normal 1p and 11q Primary tumor PR end point

4S (n = 14) , 365 days MYCN-NA, either UH and
any ploidy or FH and
DI = 1

Intermediate: 8 Yes

Normal 1p and 11q Fewer cycles, primary tumor
PR end point and no
resection of primary tumor

4S symptomatic
(n = 6)

, 365 days MYCN-NA, FH, DI . 1 Low: 2-4 Yes

1p LOH and/or 11q LOH or
data missing for either

Primary tumor PR end point
and no resection of
primary tumor

(continued on following page)
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from the date of diagnosis to the first occurrence of an event
(relapse, progression, death as a result of any cause, or
secondary cancer). Patients who did not die (OS) or ex-
perience an event (EFS) were censored on the date of last
contact. The analyses of EFS and OS were performed as
intention to treat. Survival estimates on the basis of the
Kaplan-Meier method18 were reported at 3 years, with SEs
per Peto et al.19 Interim monitoring for sufficiently high
3-year EFS was conducted within each group as an early
surrogate for OS. In addition, patients age 365 days to
younger than 547 days were monitored for early relapse/
progression as an indication that reduction in therapy
was unsuccessful. Complete statistical considerations are
found in the study protocol (Data Supplement).

The primary analysis applied herein differs from the original
protocol plan; it was not possible to implement the planned
analysis of a comparison of ANBL0531 with an analogous
historical cohort because of missing risk factor data, in-
cluding 1p and 11q status. For the primary objective, the
sample size provides sufficient precision for placement of
a 95% CI (n = 404; SE, 1.13%; interval width, 4.43%) on the
3-year OS.20 If the upper limit of the 95% CI was above the

benchmark (95% overall, 90%within each group), we would
conclude that the observed 3-year OS was not statistically
significantly lower than the benchmark. Two-sided log-rank
tests were used to compare survival curves by subgroups.

RESULTS

Patient Characteristics, Group Assignment,

and Treatment

Patients (N = 464) were enrolled between October 8, 2007,
and June 30, 2011. Eighteen were deemed ineligible, and
42 were excluded because they were subsequently clas-
sified as high risk (Fig 1). The study cohort comprised the
remaining 404 evaluable patients. Initial treatment as-
signments and patient characteristics are listed in Tables 1
and 2. Compared with the legacy COG trials,9,10 therapy
reduction for group 2 and 3 patients was prescribed by
assignment to fewer chemotherapy cycles and/or by the
targeted PR treatment end point for the primary site rather
than VGPR. Initial treatment assignment also was reduced
significantly for group 4 toddlers with stage 3 or 4 disease
(n = 10) previously treated with high-risk regimens.5

TABLE 1. Intermediate-Risk Neuroblastoma Initial Treatment Assignment (continued)

INSS Stage Age Biologic Features

COG ANBL0531
Baseline

Treatment (No.
of Cycles)

Risk Group and
Treatment Assignment

in COG Legacy
Studies* (No. of Cycles)

Change in Treatment
Strategy

Group 4 8

3 (n = 2) , 365 days MYCN-NA, either DI = 1
and/or UH

Intermediate: 8 No

1p LOH and/or 11q LOH or
data missing for either

3 (n = 2) 365 to , 547 days MYCN-NA, UH, any ploidy High Yes

Any 1p/11q Reduced intensity and
duration

4 (n = 32) , 365 days MYCN-NA, either DI = 1
and/or UH

Intermediate: 8 No

Any 1p/11q

4 (n = 32) , 365 days MYCN-NA, FH, DI . 1 Intermediate: 4 Yes

1p LOH and/or 11q LOH or
data missing for either

More cycles

4 (n = 8) 365 to , 547 days MYCN-NA, FH, DI . 1 High Yes

Any 1p/11q Reduced intensity and
duration

4S (n = 4) , 365 days MYCN-NA, either UH and
any ploidy or FH and
DI = 1

Intermediate: 8 Yes

1p LOH and/or 11q LOH or
data missing for either

No resection of primary
tumor

4S (n = 8) , 365 days Unknown Unknown Unknown

Abbreviations: COG, Children’s Oncology Group; DI, DNA index; FH, favorable histology; INSS, International Neuroblastoma Staging System; LOH, loss of
heterozygosity; NA, nonamplified; PR, partial response; UH, unfavorable histology.
*Legacy COG studies: low risk, A9641; intermediate risk, A3961; high risk, A3973.
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Treatment assignment for infants with stage 3 or 4 disease
with either diploid or UH tumors was unchanged from
A3961. However, for group 4 infants with hyperdiploid, FH
stage 4 disease with loss of heterozygosity (LOH) at 1p36/
11q23 or missing allelic status data (n = 32), initial treat-
ment assignment was increased.

Treatment received according to initial group assignment
is listed in Table 3. In total, 97 group 2 patients (55.4%),
31 group 3 patients (22.0%), and 16 group 4 patients
(18.2%) received fewer cycles of chemotherapy com-
pared with legacy COG studies. Among the 83 patients
with stage 2A/2B or 3 disease who received additional cycles
of chemotherapy, eight had ganglioneuroblastoma; seven
had neuroblastoma, differentiating subtype; and two had

ganglioneuroma, maturing subtype. Forty-two of these
83 patients had paraspinal/intraspinal tumors.

Surgery and Radiotherapy

Surgical data were available for 391 patients (96.8%). At
diagnosis, 33 patients underwent more than 90% tumor
resection, 21 underwent between 50% and 90% re-
section, and 337 had a biopsy only or less than 50%
resection. The degree of resection at diagnosis was un-
known in eight patients, and five infants with stage 4S
disease did not undergo a diagnostic procedure. Second-
look surgery was performed after chemotherapy in 38
patients; 28 had more than 90% resection, eight had
between 50% and 90% resection, and two underwent
a less than 50% resection.

Assessed for eligibility
(n = 464)

Nonrandom
treatment assignment

(n = 404)

Group 3
(n = 141)

Group 2
(n = 175)

Group 4
(n = 88)

Excluded
   Ineligible
      No neuroblastoma diagnosis 
      No INPC classification 
      Low risk 
      No MYCN results 
      Stage/extent of disease 
      Withdrawal of consent 

Not evaluable 
      High risk

(n = 60)
(n = 18)

(n = 5)
(n = 2)
(n = 1)
(n = 6)
(n = 3)
(n = 1)

(n = 42)
(n = 42)

Completed protocol
therapy
Discontinued intervention
   Physician determination
   Refusal of therapy by
   patient/parent
   Progressive disease
   Insufficient response
   Death
   Withdrawal of consent
   Lost to follow-up

(n = 36)
(n = 8)

(n = 3)
(n = 13)

(n = 5)
(n = 4)
(n = 1)
(n = 2)

Completed protocol
therapy 
Discontinued intervention
   Physician determination
   Refusal of therapy by
   patient/parent
   Death

(n = 24)
(n = 15)

(n = 5)
(n = 4)

Completed protocol
therapy 
Discontinued intervention
   Physician determination
   Refusal of therapy by
   patient/parent 
   Progressive disease 
   Insufficient response 
   Death 
   Withdrawal of consent

(n = 15)
(n = 7)

(n = 1)
(n = 2)
(n = 3)
(n = 1)
(n = 1)

Analyzed
(n = 175)

Analyzed
(n = 141)

Analyzed
(n = 88)
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FIG 1. CONSORT diagram of the 464 patients enrolled in the Children’s Oncology Group study ANBL0531 between October 8, 2007, and
June 30, 2011, and nonrandomized treatment assignment of the 404 eligible and evaluable patients. INPC, International Neuroblastoma
Pathology Classification.
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No significant difference in OS was observed according to the
degree of resection at diagnosis (more than 90% resection v
between 50% and 90% resection, biopsy only, or less than
50% resection; P = .74). Surgery-related complications
were reported in 38 patients (9.7%), including pulmonary

complications (2.0%), intestine or liver resection (0.8%),
and/or wound infection (0.5%). No vascular or nerve injuries
were reported, and no patient underwent nephrectomy. Eight
patients received radiotherapy, including five for progressive
hepatomegaly15 and three with spinal cord compression.

TABLE 2. Characteristics of Patients and Outcomes

Characteristic
Patients,
No. (%)

3-Year EFS,
% (95% CI) P*

3-Year OS,
% (95% CI) P*

Overall 404 83.2 (79.4 to 87.0) NA 94.9 (92.7 to 97.2) NA

INSS stage

2A/2B 58 (14.4) 87.7 (78.8 to 96.7) .0476† 100.0 .0168†

3 164 (40.6) 87.6 (82.3 to 92.8) 100.0

4S 49 (12.1) 79.5 (67.8 to 91.3) 81.4 (70.1 to 92.7)

4 (infants) 125 (30.9) 78.1 (70.7 to 85.5) 91.0 (85.8 to 96.1)

4 (toddlers) 8 (2.0) 62.5 (28.9 to 96.1) 100.0

Biologic features

All favorable 211 (62.6) 86.7 (81.9 to 91.4) .1115 98.1 (96.2 to 100) .0032

At least one unfavorable 126 (37.4) 81.2 (74.1 to 88.3) 91.8 (86.8 to 96.8)

Unknown 67

Initial assignment

Group 2 175 (43.3) 87.2 (82.0 to 92.4) .0012 99.4 (98.3 to 100) , .001

Group 3 141 (34.9) 86.5 (80.8 to 92.2) 94.3 (90.4 to 98.2)

Group 4 88 (21.8) 69.5 (59.6 to 79.5) 87.1 (79.8 to 94.4)

Histology

Favorable 363 (93.8) 83.5 (79.6 to 87.5) .6136 95.2 (92.9 to 97.5) .8734

Unfavorable 24 (6.2) 87.5 (73.2 to 100) 95.5 (86.5 to 100)

Unknown 17

Ploidy (infants)

Hyperdiploid 237 (85.9) 85.2 (80.5 to 89.8) .0636 96.2 (93.7 to 98.7) , .001

Diploid 39 (14.1) 73.2 (58.6 to 87.8) 81.1 (68.1 to 94.2)

Unknown 21

1p/11q allele status

Normal 1p and 11q 277 (81.2) 85.3 (80.9 to 89.6) .3326 96.3 (93.9 to 98.6) .0592

1p and/or 11q LOH 64 (18.8) 79.5 (69.5 to 89.4) 92.1 (85.4 to 98.8)

Unknown 63

1p allele status

Normal 1p 300 (88.0) 83.7 (79.3 to 88.0) .4125 95.5 (93.1 to 98.0) .4429

1p LOH 41 (12.0) 87.8 (77.8 to 97.8) 95.1 (88.5 to 100)

Unknown 63

11q allele status

Normal 11q 314 (92.4) 85.4 (81.4 to 89.5) .0222 96.1 (93.8 to 98.3) .0890

11q LOH 26 (7.6) 68.4 (50.1 to 86.6) 88.0 (75.3 to 100)

Unknown 64

Abbreviations: EFS, event-free survival; INSS, International Neuroblastoma Staging System; LOH, loss of heterozygosity; NA, not applicable;
OS, overall survival.

*P value is from a log-rank test of the null hypothesis of no difference in survival between two or more independent groups. Unknown/missing
categories are not included in the comparison.

†P value is for comparison between nonstage 4 v stage 4.
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Chemotherapy-Related Toxicity

Reversible myelosuppression was the most commonly
observed grade 3 or greater toxicity (Appendix Table A2,
online only). Nonhematologic organ toxicity was rare, and
no patient reported hearing loss.

Up to six additional chemotherapy cycles of CPM plus TOPO
were administered to 27 patients (Table 3; Appendix Table
A3, online only): 20 because of inadequate response to initial
therapy (Appendix Table A4, online only), and seven be-
cause of development of progressive, nonmetastatic disease.
Toxicities associated with cycles 9 to 14 included neu-
tropenia in 44.4% of patients and infections in 22.2%.
Similar toxicities were observed in the seven patients who
received up to six cycles of salvage therapy after developing
progressive, nonmetastatic disease (Appendix Table A3).

Survival According to Initial Group Assignment and 1p36/

11q23 Allelic Status

Three-year EFS and OS rates for the entire study cohort were
83.2% (95% CI, 79.4% to 87.0%) and 94.9% (95% CI,
92.7% to 97.2%), respectively (Fig 2A). The respective
3-year EFS rates for group 2 (n = 175), group 3 (n = 141),
and group 4 (n = 88) patients were 87.2% (95% CI, 82.0%
to 92.4%), 86.5% (95% CI, 80.8% to 92.2%), respectively,
and 69.5% (95% CI, 59.6% to 79.5%; Fig 2B), and 3-year
OS rates were 99.4% (95% CI, 98.3% to 100%), 94.3%
(95% CI, 90.4% to 98.2%), and 87.1% (95% CI, 79.8% to
94.4%; Fig 2C), respectively. No statistically significant
differences in EFS or OS were observed for patients with (n =
41) versus those without (n = 300) 1p36 LOH (3-year EFS
rate: 87.8% [95% CI, 77.8% to 97.8%] v 83.7% [95% CI,
79.3% to 88.0%; P = .41]; 3-year OS rate: 95.1% [95% CI,
88.5% to 100%] v 95.5% [95% CI, 93.1% to 98.0%; P =
.44]; Figs 2D and 2E). Inferior EFS was observed for patients
with 11q23 LOH (n = 26) versus those without 11q23 LOH
(n = 314; 68.4% [95% CI, 50.1% to 86.6%] v 85.4% [95%
CI, 81.4% to 89.5%]) at 3 years (P= .02; Fig 2F), and a trend
toward inferior OS was observed for patients with 11q23
LOH (88.0% [95% CI, 75.3% to 100%] v 96.1% [95% CI,
93.8% to 98.3%]) at 3 years (P = .09; Fig 2G). Twenty-seven
patients (four in group 2, six in group 3, and 17 in group 4)
received CPM plus TOPO. Eighteen remain event free, nine
experienced relapse, and two died.

Outcome by Stage

Three-year EFS and OS rates for patients with stage 2A/2B or
3 tumors (n = 222) were 87.6% (95% CI, 83.1% to 92.1%)

and 100%, respectively. Patients with stage 4S neuroblas-
toma (n = 49) had 3-year EFS and OS rates of 79.5% (95%
CI, 67.8% to 91.3%) and 81.4% (95%CI, 70.1% to 92.7%),
respectively.15 Three-year EFS and OS rates for infants with
stage 4 disease (n = 125) were 78.1% (95% CI, 70.7% to
85.5%) and 91.0% (95% CI, 85.8% to 96.1%; Fig 3A). EFS
was statistically significantly better for infants with stage 4
disease with favorable biology (n = 61) compared with those
with confirmed unfavorable biology (n = 47) tumors (3-year
EFS rate: 86.9% [95% CI, 78.3% to 95.4%] v 66.8% [95%
CI, 53.1% to 80.6%]; P = .02; Fig 3B), although OS was not
significantly different (3-year OS rate: 95.0% [95% CI,
89.5% to 100%] v 86.7% [95% CI, 76.6% to 96.7%]; P =
.08; Fig 3C). Among the 24 group 4 infants with stage 4
disease with confirmed diploid or UH tumors, with or without
1p36/11q23 LOH, the 3-year EFS and OS estimates were
63.9% (95% CI, 43.8% to 84.0%) and 77.3% (95% CI,
59.2% to 95.3%), respectively. For infants with stage 4
hyperdiploid, FH tumors assigned to group 4 because of
1p36/11q23 LOH or unknown allelic status (n = 32), 3-year
EFS and OS estimates were 68.6% (95% CI, 52.2% to
85.1%) and 93.8% (95% CI, 85.2% to 100%), respectively.
The EFS and OS estimates for the eight toddlers with stage 4
hyperdiploid, FH tumors were 62.5% (95% CI, 28.9% to
96.1%) and 100%, respectively. The two group 4 toddlers
with stage 3 disease remain event free.

Disease Progression and Death

Seven patients with progressive, nonmetastatic disease
were treated with the prescribed salvage regimen; six re-
main alive, three experienced relapse (two metastatic), and
one died. With the exclusion of these seven patients, events
occurred in 63 patients, including disease progression (n =
53 [24 metastatic, 28 locoregional progression, one un-
known]), death as first event (n = 9), and secondary ma-
lignancy (one acute myeloid leukemia). Twenty-one
patients died. Causes of death were complications of he-
patomegaly in infants younger than 90 days of age (n = 5);
relapsedmetastatic disease (n = 7); and death as a result of
other causes, including infection (n = 3), liver transplantation
(n = 1), second malignancy (n = 1), and drowning (n = 1).
The cause of death for three patients is unknown.

DISCUSSION

Treatment duration in ANBL0531 was assigned according
to clinical features and a tumor biology- and response-
based algorithm. In addition to established COG risk group

TABLE 3. Assigned and Actual Number of Chemotherapy Courses Received
Group 2 Cycles 4 Cycles 6 Cycles 8 Cycles 10 Cycles 12 Cycles 14 Cycles

Group 2: 2 cycles (n = 175) 97 56 13 5 1 2 1

Group 3: 4 cycles (n = 141) 17 92 15 11 0 3 3

Group 4: 8 cycles (n = 88) 8 5 2 56 5 4 8

NOTE. Patients who received fewer than the assigned number of chemotherapy cycles did so at the discretion of the treating physician. Cycles
10 to 14 = cyclophosphamide and topotecan.
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criteria, treatment was stratified by allelic status of 1p36
and 11q23.12 Compared with the legacy study,10 an in-
crease in treatment duration was prescribed for a subset of
infants with stage 4 FH, hyperdiploid tumors with 1p36

and/or 11q23 LOH (or unknown allelic status), whereas
treatment was reduced for specific subsets of patients with
favorable biology tumors, including normal 1p36 and
11q23. Additional therapy reduction was achieved by using
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FIG 2. (A) Event-free survival (EFS) and overall survival (OS) for evaluable, intermediate-risk patients (n = 404). (B) EFS for evaluable, intermediate-risk
patients according to initial treatment group assignment (n = 404; P = .0012). (C) OS for evaluable, intermediate-risk patients according to initial treatment
group assignment (n = 404; P, .001). (D) EFS for evaluable, intermediate-risk patients according to 1p loss of heterozygosity (LOH) status (n = 341; P = .41).
(E) OS for evaluable, intermediate-risk patients according to 1p LOH status (n = 341; P = .44). (F) EFS for evaluable, intermediate-risk patients according to
11q LOH status (n = 340; P = .02). (G) OS for evaluable, intermediate-risk patients according to 11q LOH status (n = 340; P = .09).
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PR of the primary tumor as the end point of therapy for
group 2 and 3 patients in lieu of VGPR.10 Only 90 patients
(23%) required surgery to achieve PR or better of the
primary site, which reflects the efficacy of the chemo-
therapy regimen. Subgroups of toddlers ages 365 to
younger than 547 days with stage 3 and 4 disease,21-23

previously classified as high risk, received significantly
reduced therapy on the basis of the favorable outcome
observed in previous studies.21,22

Three-year EFS and OS rates of 88% (95% CI, 84% to
90%) and 96% (95% CI, 94% to 97%), respectively,
were achieved in the A3961 study10 by assigning four
cycles of chemotherapy plus surgery for patients with
favorable biology tumors (hyperdiploid/FH) and eight
cycles of chemotherapy plus surgery for those with
unfavorable biology (diploid and/or UH). The In-
ternational Society of Pediatric Oncology European
Neuroblastoma Research Network studies similarly
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demonstrated excellent survival with reductions in treatment
of infants with unresectable locoregional tumors or with
disseminated disease that lacked MYCN amplification.24,25

Excellent outcome also was achieved in ANBL0531, with
3-year EFS andOS rates of 83.2% (95%CI, 79.4% to 87.0%)

and 94.9% (95% CI, 92.7% to 97.2%), respectively. An
analogous comparison with a historical cohort (primarily
A396110), as originally planned, was not possible because the
criteria used to classify patients as intermediate risk were
modified in 200726 and the required risk factors were
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FIG 3. (A) Event-free survival (EFS) and overall survival (OS) for evaluable infants with stage 4 disease younger than 365 days of age (n = 125). (B) EFS for evaluable
infants with stage 4 disease younger than 365 days of age according to tumor biology (n = 108; P = .02). (C) OS for evaluable infants with stage 4 disease younger
than 365 days of age according to tumor biology (n = 108; P = .08). Favorable biology constituted hyperdiploid tumors with favorable histology and normal 1p and
11q alleles. Unfavorable biology tumors had at least one unfavorable feature (diploidy, unfavorable histology, 1p loss of heterozygosity, or 11q loss of heterozygosity).
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unknown in the historical data. In addition, the revised eli-
gibility criteria for ANBL0531 did not align with A3961.
Specifically, patients with stage 2A/2B disease with less than
50% resection were eligible for ANBL0531, whereas these
patients were previously classified as low risk.9 In addition,
infants with stage 4S disease with unknown biology were
eligible for this study. Furthermore, two toddler cohorts (ages
365 to younger than 547 days) previously classified as high
risk5 were eligible for ANBL0531. Although none of the 10
toddlers have died, additional studies with larger numbers of
patients will be needed to assess further the efficacy of
intermediate-risk therapy in this cohort.

Numerous studies have demonstrated an association be-
tween 1p36 or 11q23 LOH and inferior survival of children
with neuroblastoma.27,28 More-recent studies that analyzed
the whole genome have demonstrated that other segmental
chromosomal abnormalities (SCAs) also are associated
with poorer outcome.29,30 Previously, the presence of 1p36
or 11q23 LOH was shown to be independently associated
with decreased progression-free survival in a multivariable
model among low- and high-risk patients,12 and a signifi-
cantly inferior EFS also was seen for patients enrolled in
ANBL0531 whose tumors harbored 11q23 LOH. However,
EFS was not significantly different for patients with tumors
with versus without 1p36 LOH, which indicates that the
prognostic value of specific SCAs differs in this cohort.

Using primary tumor PR as a treatment end point for fa-
vorable biology tumors was a successful strategy, with
100% survival observed in patients with localized disease.
Treatment was not reduced for infants with hyperdiploid,
FH, stage 4 disease with normal 1p36/11q23 compared
with that in A3961,10 and excellent EFS and OS were
observed. Future prospective studies will be needed to
determine whether it is possible to achieve excellent out-
come with reduced therapy for this cohort. For the 32
infants with hyperdiploid, FH, stage 4 tumors with LOH at

1p36 or 11q23 or missing LOH data, intensification of
treatment in ANBL0531 compared with A396110 did not
reduce the risk of relapse previously reported for infants
with tumors that harbor an SCA genomic profile.31 The
3-year EFS rate for this cohort was 68.6% (95% CI, 52.2%
to 85.1%) v 86.9% (95% CI, 78.3% to 95.4%) for infants
with stage 4 disease with favorable biology (P = .04). OS
was not significantly different, which indicates that many of
the infants with 1p36/11q23 aberrations underwent suc-
cessful salvage therapy. Of the 20 patients who received
CPM plus TOPO because of an inadequate response to
initial therapy, nine achieved VGPR or better. However, six
of the 20 patients developed progressive disease or ex-
perienced relapse, and one died, which indicates that
more-effective treatment is needed for patients who do not
meet the defined treatment end point after eight cycles of
chemotherapy (Appendix Table A4).

It is important to emphasize that intermediate-risk neuro-
blastoma is a heterogeneous collection of neuroblastoma
phenotypes. Using this response- and biology-based al-
gorithm that includes the allelic status of 1p36 and 11q23,
excellent survival was achieved with refined treatment
strategies for specific subsets of intermediate-risk patients.
In extension of these results, the observation of favorable
biology L2 tumors that lack SCAs in patients younger than
18 months of age is being evaluated in COG ANBL1232
(ClinicalTrials.gov identifier: NCT02176967). Additional
genomic biomarkers also are being investigated in
ANBL1232, in European clinical trials,32 and through the
ongoing Therapeutically Applicable Research to Generate
Effective Treatments genomic sequencing initiative.33 The
incorporation of these biomarkers may enable more precise
prognostication and treatment stratification, which will
improve further the outcome for children with intermediate-
risk neuroblastoma.
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APPENDIX

TABLE A1. Chemotherapy Regimens Used
Cycle and Day Chemotherapy Dose (mg/m 2/day) Dose (children < 12 kg), mg/kg/day

Regimens used in COG ANBL0531 and legacy study A3961

Cycle 1

Day 1 Carboplatin 560 18

Days 1-3 Etoposide 120 4

Cycle 2

Day 1 Carboplatin 560 18

Day 1 Cyclophosphamide 1,000 33

Day 1 Doxorubicin 30 1

Cycle 3

Day 1 Cyclophosphamide 1,000 33

Days 1-3 Etoposide 120 4

Cycle 4

Day 1 Carboplatin 560 18

Days 1-3 Etoposide 120 4

Day 1 Doxorubicin 30 1

Cycle 5

Day 1 Cyclophosphamide 1,000 33

Days 1-3 Etoposide 120 4

Cycle 6

Day 1 Carboplatin 560 18

Day 1 Cyclophosphamide 1,000 33

Day 1 Doxorubicin 30 1

Cycle 7

Day 1 Carboplatin 560 18

Days 1-3 Etoposide 120 4

Cycle 8

Day 1 Cyclophosphamide 1,000 33

Day 1 Doxorubicin 30 1

Retrieval chemotherapy regimen used in COG ANBL0531

Cycle 1-6

Days 1-5 Cyclophosphamide 250 8.33

Topotecan 0.75 0.025

Isotretinoin Therapy for group 4 toddlers used in COG ANBL0531

Cycles 1-6

Days 1-14 Isotretinoin 160 divided twice a day 5.33 divided twice a day
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TABLE A2. Episodes of Grade 3, 4, or 5 Toxicity During Cycles 1 to 8 of Treatment
Category and Toxicity No. Incidence, %

Blood and lymphatic system disorders

Anemia 169 41.83

Blood and lymphatic system disorders, other 2 0.50

Disseminated intravascular coagulation 2 0.50

Febrile neutropenia 59 14.60

Cardiac disorders

Cardiac arrest 1 0.25

Ventricular tachycardia 1 0.25

Endocrine disorders

Endocrine disorders, other 1 0.25

Eye disorders

Eye disorders, other 1 0.25

GI disorders

Abdominal distension 2 0.50

Abdominal pain 3 0.74

Ascites 5 1.24

Diarrhea 15 3.71

Dysphagia 1 0.25

GI disorders, other 2 0.50

Gingival pain 1 0.25

Ileus 3 0.74

Intra-abdominal hemorrhage 1 0.25

Jejunal stenosis 1 0.25

Malabsorption 1 0.25

Mucositis oral 2 0.50

Nausea 1 0.25

Small intestinal stenosis 1 0.25

Typhlitis 1 0.25

Vomiting 10 2.48

General disorders and administration site conditions

Death NOS 3 0.74

Fever 7 1.73

Flu-like symptoms 1 0.25

General disorders and administration site conditions, other 2 0.50

Irritability 1 0.25

Multiorgan failure 1 0.25

Noncardiac chest pain 1 0.25

Pain 6 1.49

Hepatobiliary disorders

Gallbladder obstruction 1 0.25

Hepatic failure 1 0.25

Hepatobiliary disorders, other 1 0.25

Portal vein thrombosis 1 0.25

(continued on following page)
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TABLE A2. Episodes of Grade 3, 4, or 5 Toxicity During Cycles 1 to 8 of Treatment (continued)
Category and Toxicity No. Incidence, %

Immune system disorders

Anaphylaxis 5 1.24

Infections and infestations

Abdominal infection 2 0.50

Biliary tract infection 1 0.25

Bladder infection 1 0.25

Bronchial infection 1 0.25

Catheter-related infection 16 3.96

Enterocolitis infectious 5 1.24

Eye infection 1 0.25

Gum infection 1 0.25

Infections and infestations, other 86 21.29

Kidney infection 1 0.25

Lung infection 7 1.73

Otitis media 3 0.74

Rash pustular 1 0.25

Sepsis 1 0.25

Skin infection 4 0.99

Tracheitis 3 0.74

Upper respiratory infection 6 1.49

Urinary tract infection 10 2.48

Wound infection 5 1.24

Injury, poisoning, and procedural complications

Arterial injury 1 0.25

Tracheal obstruction 1 0.25

Vascular access complication 3 0.74

Investigations

Activated partial thromboplastin time prolonged 9 2.23

ALT increased 17 4.21

Alkaline phosphatase increased 2 0.50

AST increased 18 4.46

Blood bilirubin increased 17 4.21

Fibrinogen decreased 5 1.24

GGT increased 2 0.50

INR increased 1 0.25

Lipase increased 1 0.25

Lymphocyte count decreased 32 7.92

Neutrophil count decreased 235 58.17

Platelet count decreased 153 37.87

Weight loss 3 0.74

WBC count decreased 141 34.90

Metabolism and nutrition disorders

Acidosis 5 1.24

(continued on following page)
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TABLE A2. Episodes of Grade 3, 4, or 5 Toxicity During Cycles 1 to 8 of Treatment (continued)
Category and Toxicity No. Incidence, %

Alkalosis 1 0.25

Anorexia 21 5.20

Dehydration 7 1.73

Hypercalcemia 3 0.74

Hyperglycemia 16 3.96

Hyperkalemia 9 2.23

Hyperuricemia 2 0. 50

Hypoalbuminemia 16 3.96

Hypocalcemia 11 2.72

Hypoglycemia 7 1.73

Hypokalemia 36 8.91

Hyponatremia 16 3.96

Hypophosphatemia 3 0.74

Musculoskeletal and connective tissue disorders

Head soft tissue necrosis 1 0.25

Muscle weakness lower limb 1 0.25

Neoplasms benign, malignant, and unspecified (including cysts and
polyps)

Neoplasms benign, malignant, and unspecified (including cysts and
polyps), other

1 0.25

Tumor pain 1 0.25

Nervous system disorders

Cognitive disturbance 1 0.25

Depressed level of consciousness 1 0.25

Dysphasia 1 0.25

Encephalopathy 1 0.25

Nervous system disorders, other 3 0.74

Peripheral motor neuropathy 2 0.50

Peripheral sensory neuropathy 1 0.25

Recurrent laryngeal nerve palsy 1 0.25

Seizure 1 0.25

Renal and urinary disorders

Acute kidney injury 5 1.24

Renal and urinary disorders, other 1 0.25

Urinary retention 3 0.74

Respiratory, thoracic, and mediastinal disorders

Adult respiratory distress syndrome 1 0.25

Apnea 1 0.25

Aspiration 1 0.25

Atelectasis 2 0.50

Bronchopulmonary hemorrhage 3 0.74

Bronchospasm 1 0.25

Chylothorax 1 0.25

Dyspnea 1 0.25

(continued on following page)

© 2019 by American Society of Clinical Oncology Volume 37, Issue 34

Twist et al



TABLE A2. Episodes of Grade 3, 4, or 5 Toxicity During Cycles 1 to 8 of Treatment (continued)
Category and Toxicity No. Incidence, %

Hypoxia 14 3.47

Pleural effusion 5 1.24

Pneumothorax 1 0.25

Respiratory, thoracic, and mediastinal disorders, other 7 1.73

Skin and subcutaneous tissue disorders

Pain of skin 1 0.25

Skin and subcutaneous tissue disorders, other 1 0.25

Urticaria 1 0.25

Vascular disorders

Capillary leak syndrome 1 0.25

Hypertension 13 3.22

Hypotension 5 1.24

Lymph leakage 1 0.25

Thromboembolic event 2 0.50

NOTE. From the Common Terminology Criteria for Adverse Events (version 4.0). n = 404.
Abbreviations: COG, Children’s Oncology Group; GGT, g-glutamyl transferase; INR, international normalized ratio; NOS, not otherwise

specified.
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TABLE A3. Episodes of Grade 3, 4, or 5 During Retrieval Therapy Cycles 9 to 14
Category and Toxicity Count Incidence, %

Blood and lymphatic system disorders

Anemia 4 14.81

Febrile neutropenia 4 14.81

Ear and labyrinth disorders

Middle ear inflammation 1 3.70

GI disorders

Abdominal pain 1 3.70

Diarrhea 1 3.70

GI disorders, other 1 3.70

Nausea 1 3.70

Vomiting 1 3.70

Infections and infestations

Catheter-related infection 1 3.70

Enterocolitis infectious 1 3.70

Infections and infestations, other 5 18.52

Investigations

ALT increased 1 3.70

Lymphocyte count decreased 5 18.52

Neutrophil count decreased 12 44.44

Platelet count decreased 1 3.70

WBC count decreased 7 25.93

Metabolism and nutrition disorders

Dehydration 2 7.41

Hyperglycemia 1 3.70

Hypokalemia 1 3.70

Hyponatremia 1 3.70

Musculoskeletal and connective tissue disorders

Back pain 1 3.70

Respiratory, thoracic, and mediastinal disorders

Aspiration 1 3.70

Vascular disorders

Hypertension 1 3.70

NOTE. From the Common Terminology Criteria for Adverse Events (version 4.0).
n = 27.
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TABLE A4. Outcome for Patients Receiving CPM Plus TOPO for Inadequate Initial Response to Chemotherapy

ID INSS Stage Group Response After 8 Cycles
No. of Cycles
CPM + TOPO

Response After
CPM + TOPO

Second-Look
Surgery Event

Relapse/
Progressive
Disease Site

Time to Event
(days since
diagnosis) Life Status

1 4 3 VGPR 4 PR No None Alive

2 4 3 MR 6 PR No None Alive

3 4 4 PR 2 VGPR No None Alive

4 4 4 PR 6 PR No None Alive

5 4 4 SD 4 PD No PD Metastatic only 279 Alive

6 4 3 PR 4 VGPR Yes None Alive

7 4 4 SD 6 PD No PD Local only 430 Alive

8 4 4 PR 4 VGPR No None Alive

9 4 4 PR 2 VGPR No Relapse Metastatic only 505 Alive

10 4 4 PR 4 VGPR No Relapse Local/regional 710 Alive

11 4 4 PR 2 PR No None Alive

12 4 4 PR 6 PR No None Alive

13 4 4 PR 4 PR No None Alive

14 4 4 PR 6 VGPR Yes None Alive

15 4 4 PR 2 VGPR No PD Local/regional 377 Alive

16 4 4 PR 6 PR No None Alive

17 4 3 SD 6 CR No None Alive

18 4 4 PR 6 PR No None Alive

19 4 4 SD 6 PR No None Alive

20 4 4 PR 6 VGPR No Relapse Metastatic only 414 Dead

Abbreviations: CPM+ TOPO, cyclophosphamide and topotecan; CR, complete response; ID, identifier; INSS, International Neuroblastoma Staging System;
MR, minimal response; PD, progressive disease; PR, partial response; SD, stable disease; VGPR, very good partial response.
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