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Background
The survival rate among patients with intermediate-risk neuroblastoma who receive 
dose-intensive chemotherapy is excellent, but the survival rate among patients who 
receive reduced doses of chemotherapy for shorter periods of time is not known.
Methods
We conducted a prospective, phase 3, nonrandomized trial to determine whether a 
3-year estimated overall survival of more than 90% could be maintained with reduc-
tions in the duration of therapy and drug doses, using a tumor biology−based 
therapy assignment. Eligible patients had newly diagnosed, intermediate-risk neu-
roblastoma without MYCN amplification; these patients included infants (<365 days 
of age) who had stage 3 or 4 disease, children (≥365 days of age) who had stage 3 
tumors with favorable histopathological features, and infants who had stage 4S dis-
ease with a diploid DNA index or unfavorable histopathological features. Patients 
who had disease with favorable histopathological features and hyperdiploidy were 
assigned to four cycles of chemotherapy, and those with an incomplete response or 
either unfavorable feature were assigned to eight cycles.
Results
Between 1997 and 2005, a total of 479 eligible patients were enrolled in this trial 
(270 patients with stage 3 disease, 178 with stage 4 disease, and 31 with stage 4S dis-
ease). A total of 323 patients had tumors with favorable biologic features, and 141 had 
tumors with unfavorable biologic features. Ploidy, but not histopathological features, 
was significantly predictive of the outcome. Severe adverse events without disease pro-
gression occurred in 10 patients (2.1%), including secondary leukemia (in 3 patients), 
death from infection (in 3 patients), and death at surgery (in 4 patients). The 3-year 
estimate (±SE) of overall survival for the entire group was 96±1%, with an overall sur-
vival rate of 98±1% among patients who had tumors with favorable biologic features 
and 93±2% among patients who had tumors with unfavorable biologic features.
Conclusions
A very high rate of survival among patients with intermediate-risk neuroblastoma was 
achieved with a biologically based treatment assignment involving a substantially 
reduced duration of chemotherapy and reduced doses of chemotherapeutic agents as 
compared with the regimens used in earlier trials. These data provide support for 
further reduction in chemotherapy with more refined risk stratification. (Funded by 
the National Cancer Institute; ClinicalTrials.gov number, NCT00003093.)
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Neuroblastoma is the most common 
extracranial solid tumor in childhood, 
accounting for 50% of neoplasms diag-

nosed in the first year of life.1 This disease has a 
heterogeneous course, ranging from spontaneous 
regression to inexorable progression and death, 
depending on the biologic features of the tumor.2-6 
Identification of risk groups on the basis of clini-
cal and molecular prognostic variables has al-
lowed tailoring of therapy to improve outcomes 
and minimize the risk of deleterious conse-
quences of therapy.7-14

In 1998, the Children’s Oncology Group (COG) 
established a system of risk stratification for neu-
roblastoma that was based on clinical data (the 
patient’s age at diagnosis and the tumor stage) 
and tumor-derived biologic data (histopathologi-
cal classification, MYCN oncogene amplification 
status, and ploidy).15,16 Intermediate-risk neuro-
blastoma was defined as stage 3 or 4 disease with-
out MYCN amplification in an infant (<365 days of 
age), stage 3 disease and favorable histopatho-
logical features in a child (≥365 days of age),5,6 
and stage 4S disease with a diploid tumor-cell 
DNA index, unfavorable histopathological features, 
or both.5,6 Stage 4S denotes a special metastatic 
stage of neuroblastoma in infants with a primary 
tumor that is restricted to one side of the mid-
line and with metastatic sites limited to the liver, 
skin, bone marrow, or a combination of these sites 
(with <10% of marrow cells replaced by tumor). 
The rate of overall survival among patients with 
intermediate-risk disease exceeded 80% with 
the use of moderately aggressive chemotherapy 
in cooperative-group trials.7-10 The purpose of 
the phase 3 study Treatment for Infants and 
Children with Intermediate-Risk Neuroblastoma 
(A3961) was to achieve a 3-year estimate of over-
all survival of more than 90% with the use of re-
duced outpatient-based chemotherapy in children 
with intermediate-risk neuroblastoma; this level 
was selected on the basis of preceding trials in-
volving similar patients.

Me thods

Study Design and Oversight

The study was a prospective, uncontrolled, non-
randomized, phase 3 clinical trial in which we 
evaluated survival associated with reduced thera-
py for intermediate-risk neuroblastoma, as com-
pared with a standard rate, which was associated 

with a 3-year estimate of overall survival of 90%; 
this rate was selected on the basis of a subjective 
review of the previous phase 3 COG study of in-
termediate-risk neuroblastoma. The length of 
therapy was stratified according to the biologic 
features of the tumor.

All authors contributed to the study design, 
data collection, analysis, and manuscript prepara-
tion. All data were collected and entered electroni-
cally at COG treating institutions, which under-
go routine COG audits. All data were subjected to 
quality assurance, maintained by the COG Statis-
tics and Data Center, and reviewed by the COG 
data and safety monitoring committee. All au-
thors vouch for the accuracy and completeness 
of the reported data and for the conformance of 
this report to the protocol. The National Cancer 
Institute sponsored the trial and imposed no im-
pediments, direct or indirect, on the publication 
of the study’s full results. The protocol is available 
with the full text of this article at NEJM.org. All 
chemotherapy drugs were purchased.

Patients and Tumor Assessments

Infants (<365 days old) and children (≥365 days 
old) who had newly diagnosed, intermediate-risk 
neuroblastoma without tumor MYCN amplifica-
tion were eligible for the study. The DNA index was 
used for risk stratification in infants only. Patients 
included infants with International Neuroblasto-
ma Staging System (INSS) stage 3 or 4 disease, 
children with stage 3 disease (favorable histo-
pathological features),6 and infants with stage 4S 
disease (unfavorable biologic features). Staging 
and response evaluation were performed accord-
ing to INSS recommendations (Tables 1 and 2 in 
the Supplementary Appendix, available at NEJM 
.org), with metaiodobenzylguanidine (MIBG) 
scans available for 262 patients (58%).17 Parents 
or guardians provided written informed consent, 
and the study was approved by local institutional 
review boards. Enrollment began in March 1998 
and ended in May 2005.

MYCN copy-number determination with the use 
of fluorescence in situ hybridization18 and DNA 
index assays with the use of flow cytometry were 
performed by COG reference laboratories.19 One 
investigator reviewed all tumors and classified 
histopathological findings as favorable or unfa-
vorable according to the method described by 
Shimada et al.6 Favorable biologic features were 
defined as favorable histologic characteristics5 and 
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a DNA index of more than 1; unfavorable bio-
logic features were defined as unfavorable histo-
logic characteristics, a DNA index of 1 or less, or 
both (Table 3 in the Supplementary Appendix).

Treatment

Intermediate-risk patients were assigned to one of 
two strata according to biologic features of the 
tumor (Fig. 1 and Table 3 in the Supplementary 
Appendix). Patients who had tumors with favorable 
biologic features received four cycles and those who 
had tumors with unfavorable biologic features 
received eight cycles of chemotherapy with carbo
platin, etoposide, cyclophosphamide, and doxoru-
bicin, administered at 3-week intervals (Table 1), 
followed by surgical excision of the primary tumor 
to achieve a complete response or a very good par-
tial response according to the International Neu-
roblastoma Response Criteria (Table 2 in the Sup-
plementary Appendix).17 Eligible patients with 
disease that could not be classified as favorable or 
unfavorable were included in the overall outcome 
analyses. All infants younger than 60 days of age 
received granulocyte colony-stimulating factor af-
ter each chemotherapy cycle (after 1999), whereas it 
was optional in all other patients. Patients with tu-
mors with favorable biologic features who did not 
have a complete response or a very good partial 
response after four cycles of chemotherapy re-
ceived four additional cycles, for a total of eight.

Toxicity Monitoring

All patients underwent evaluations of renal, he-
patic, and hematologic function at 3-week inter-
vals; cardiac function at diagnosis, after cycle 4, 
and at the end of therapy; and auditory function 
at diagnosis and at the end of therapy. Toxic ef-
fects were defined according to the National Can-
cer Institute’s Common Toxicity Criteria, version 
2.0 (http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcv20_4-30-992.pdf), 
and all grade 3 and 4 toxic effects were docu-
mented.

Statistical Analysis

Intention-to-treat analyses of event-free survival 
and overall survival were performed. The primary 
end point was overall survival at 3 years. The time 
to an event was calculated from enrollment to the 
first occurrence of relapse, progression, death from 
any cause, or secondary cancer, or the time to the 
last contact if no event was observed. For overall 

survival, the event was death. Survival estimates 
based on the Kaplan−Meier method were reported 
at the 3-year time point, with standard errors cal-
culated according to the method of Greenwood.20 
With the exception of P values for maintenance 
of the rate of event-free survival (with adjustment 
for multiple testing), P values of less than 0.05 

Table 1. Chemotherapy Regimen for Intermediate-Risk Neuroblastoma.*

Cycle and Day Treatment Dose

mg/m2/day
mg/kg/day  

in children <12 kg

Cycle 1

Day 1 Carboplatin 560 18

Days 1–3 Etoposide 120 4

Cycle 2

Day 1 Carboplatin 560 18

Day 1 Cyclophosphamide 1000 33

Day 1 Doxorubicin 30 1

Cycle 3

Day 1 Cyclophosphamide 1000 3

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 1000 33

Days 1–3 Etoposide 120 4

Cycle 6

Day 1 Carboplatin 560 18

Day 1 Cyclophosphamide 1000 3

Day 1 Doxorubicin 30 1

Cycle 7

Day 1 Carboplatin 560 18

Days 1–3 Etoposide 120 4

Cycle 8

Day 1 Cyclophosphamide 1000 3

Day 1 Doxorubicin 30 1

* Patients who had tumors with favorable biologic features (defined as tumors 
that did not have MYCN amplification and that had a DNA index greater than 
1 and favorable histopathological features) received cycles 1 through 4 and 
only proceeded to cycles 5 through 8 if a complete response was not attained. 
After four cycles, the response was assessed, and surgery was performed if 
feasible.  After eight cycles, the response was assessed, and surgery was per­
formed if residual primary tumor was detected. Patients who had tumors with 
unfavorable biologic characteristics (patients with tumors that did not have 
MYCN amplification but that had a DNA index of 1, unfavorable histopatho­
logical features, or both) were assigned to receive all eight cycles.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF ILLINOIS on March 29, 2011. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 363;14  nejm.org  september 30, 20101316

were considered to indicate statistical signifi-
cance. Reported P values during the monitoring 
for maintenance of event-free survival and overall 
survival are one-sided; all other reported P values 
are two-sided.

We tested for maintenance of a 3-year overall 
survival estimate of 90%, assuming the cumula-
tive hazard function (null hypothesis)

Λ(ti) = –loge [0.9+0.1e (–ti ) ], i = 1,  .  .  ., n.

Under the null hypothesis, an expected overall 
survival of 90% at 3 years was specified for pa-
tients who were considered to be cured, with the 
assumption that treatment failed in an exponen-
tial manner in the other 10% of patients within 
the first 3 years; this closely resembles the over-
all survival curve in the previous COG study of 
intermediate-risk neuroblastoma (which involved 
more intensive therapy than that used in this 
study). Using a chi-square test, we compared the 
number of deaths expected under the null hypoth-
esis with the number of deaths observed. Similarly, 
we monitored for maintenance of the rate of 
event-free survival (90% at 3 years) (alpha level for 
analysis of cumulative data, 0.05; alpha level for 
analysis of data at last evaluation, 0.035) with the 
use of O’Brien−Fleming methods.21 A copy of 
the COG database as it existed on November 4, 
2008, was used for the final analysis.

R esult s

Characteristics of the Patients

A total of 479 eligible patients were enrolled be-
tween 1997 and 2005; of these, 270 had stage 3 
disease (102 children and 168 infants), 178 infants 
had stage 4 disease, and 31 infants had stage 4S 
disease (Table 4 in the Supplementary Appendix). 
Of the 464 patients with fully known biologic fea-
tures, 323 patients had tumors with favorable bi-
ologic features (69.6%) and 141 had tumors with 
unfavorable biologic features (30.4%). Fifteen had 
incomplete assessment with favorable known fac-
tors (13 received four cycles and 2 received eight 
cycles of chemotherapy). A total of 138 patients 
(36 children and 41 infants with stage 3 disease 
and 61 infants with stage 4 disease) who had tu-
mors with favorable biologic features and who 
did not have a complete response or a very good 
partial response after cycle 4 received four more 
cycles, for a total of eight.

Surgery and Local Tumor Control

At the time of this analysis, complete surgical data 
were available for 235 of the 479 eligible patients. 
Baseline characteristics of the surgical cohort 
with respect to disease stage, age, histopathologi-
cal features of the tumor, and ploidy status did not 
differ significantly from the characteristics of 
the overall cohort; therefore, the patients with 
surgical review were considered to be representa-
tive of the entire study cohort. Definitive surgical 
resection of the primary tumor was attempted in 
234 patients (99.6%). Eighty-nine patients under-
went gross total resection, 51 underwent near 
total resection (>90% of the tumor), 26 under-
went major resection (>50% of the tumor), and 
54 underwent limited resection (≤50% of the tu-
mor); the degree of resection was unknown in 14 
patients. No significant difference was noted in 
overall survival according to the degree of resec-
tion (complete vs. incomplete, P = 0.37). Twenty-
eight percent of patients had one or more com-
plications: major hemorrhage (14%), loss of a 
normal organ during surgery (6%), renal injury 
(4%), vascular injury (4%), pulmonary injury (3%), 
nerve resection (2%), wound complications (2%), 
nephrectomy (1%), and other complications (7%).

Only 12 of 479 patients (2.5%) received local 
radiotherapy (21 Gy); of these patients, 1 patient 
had stage 4S disease, 5 patients had stage 3 dis-
ease, and 6 patients had stage 4 disease. Radio-
therapy was administered for clinical deterioration 
despite initial therapy (in 8 patients), residual 
macroscopic disease and unfavorable biologic 
features (in 3 patients), or relapse after therapy 
(in 1 patient).

Treatment-Related Toxicity

Reversible myelosuppression was the most com-
mon grade 3 or 4 toxic effect, occurring in 68% 
of patients during cycles 1 through 4 and in 67% 
during cycles 5 through 8 (P = 0.68) (Table 5 in the 
Supplementary Appendix). Nonhematologic organ 
toxicity was minimal. In cycles 1 through 4, grade 
3 or 4 toxic effects on the kidneys (in 2% of pa-
tients), heart (in 4%), and hearing (in <1%) were 
each reversible. From cycles 1 through 4 to cycles 
5 through 8, the proportion of patients with gas-
trointestinal toxicity decreased (from 8% to 3%, 
P = 0.004), as did the proportion of patients with 
liver toxicity (from 6% to 2%, P = 0.01).

The rate of grade 3 or 4 infections was 13% in 
cycles 1 through 4 and 11% in cycles 5 through 8 
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(P = 0.48) (Table 5 in the Supplementary Appen-
dix), with infection the sole cause of death in three 
patients (<1%). Secondary leukemia with chro-
mosome 11q aberrations was diagnosed in three 
patients (acute myeloid leukemia in two and acute 
lymphoblastic leukemia in one) at 16, 17, and 27 
months after the diagnosis of neuroblastoma; 
all three patients received eight cycles of chemo-
therapy and no radiation. In one patient, secondary 
leukemia developed after additional therapy for 
persistent disease, including myeloablative che-
motherapy with autologous stem-cell rescue. The 
cumulative incidence of secondary cancer was 
0.7% (95% confidence interval [CI], 0.2 to 1.8).

Event-free Survival, Overall Survival,  
and Prognostic Factors

Among all 476 eligible patients for whom follow-
up data were available, the 3-year estimates (±SE) 
of event-free and overall survival were 88±2% 
(95% CI, 84 to 90) and 96±1% (95% CI, 94 to 97), 
respectively (Fig. 1). The median follow-up time 
for patients who survived without an event was 
5.2 years (range, 9 days to 10.1 years). During the 
interim monitoring for maintenance of the event-
free survival rate of 90% at 3 years, the monitor-
ing boundary for insufficient event-free survival 
was not crossed.

The 3-year event-free survival estimate among 
the 269 patients with stage 3 disease was 92±2%, 
among the 31 patients with stage 4S disease it 
was 90±5%, and among the 176 patients with 
stage 4 disease it was 81±3% (P<0.001 for stages 
3 and 4S vs. stage 4); the respective 3-year overall 
survival estimates were 98±1%, 97±3%, and 93±2% 
(P = 0.002 for stages 3 and 4S vs. stage 4) (Fig. 2A 
and 2B). The outcome for patients with stage 4 
disease was slightly inferior to that for patients 
with stage 3 or 4S disease, but the goal of ex-
ceeding a 90% estimate of overall survival at 3 
years was maintained. The 3-year event-free and 
overall survival estimates among patients who 
had tumors with favorable biologic features as 
compared with patients who had tumors with 
unfavorable features were 90±2% versus 83±3% 
(P = 0.04) and 98±1% versus 93±2% (P = 0.02), 
respectively (Table 2 and Fig. 2C and 2D). Of the 
two prognostic factors used to stratify risk 
(ploidy and histopathological features), only 
ploidy was significantly associated with the out-
come, both in infants only (Table 2) and in pa-
tients of any age (Fig. 2E through 2H). Out-

comes according to INSS stage did not differ 
significantly between patients with tumors that 
had favorable biologic features and those with 
tumors that had unfavorable features (Table 2). 
A total of 308 patients had a complete response 
or a very good partial response to chemotherapy, 
with or without surgery — 37.2% after four cycles 
and 61.7% after eight cycles. Among patients with 
tumors that had favorable biologic features, the 
overall survival rate at 3 years (±2%) among 
those who received eight cycles of chemotherapy 
was similar to the rate among those who re-
ceived four cycles (100% and 96%, respectively).
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Figure 1. Event-free and Overall Survival among Patients with Intermediate-
Risk Neuroblastoma.

Panel A shows overall and event-free survival in the Treatment for Infants 
and Children with Intermediate-Risk Neuroblastoma study (A3961), and 
Panel B shows overall survival among the 476 patients in the A3961 study 
as compared with overall survival among the 276 patients in the Children’s 
Cancer Group study (CCG-3881).
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Figure 2. A3961 Outcomes According to Risk Cohort.

INSS denotes International Neuroblastoma Staging System.
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Table 2. Outcomes According to Characteristics of the Patients.*

Cohort and Status
No. of 

Patients
3-Yr Event-free 

Survival P Value
3-Yr Overall 

Survival P Value

% %

Overall 476† 88±2 NA 96+1 NA

INSS stage

3 (overall) 269 92±2 <0.001‡ 98±1 0.002‡

Infants 167 95±2 98±1

Children 102 87±3 99±1

4 176 81±3 93±2

4S 31 90±5 97±3

Biologic features

Favorable 322 90±2 0.04 98±1 0.02

Unfavorable 139 83±3 93±2

Unknown 15

Favorable biologic features

Four cycles administered 182 88±2 0.19 96±2 0.13

Eight cycles administered 138 92±2 100

Unknown no. of cycles 2

Stage 3 220 90±2 0.48 98±1 0.25

Stage 4 102 88±3 96±2

Unfavorable biologic features

Stage 3 38 97±3 <0.001‡ 97±3 0.05‡

Stage 4 70 73±5 90±4

Stage 4S 31 90±5 97±3

Ploidy (374 infants only)

Hyperdiploid 245 91±2 0.02 97±1 0.04

Diploid 118 82±4 92±2

Unknown 11

Hyperdiploid (infants only)

Stage 3 129 94±2 0.05‡ 98±1 0.33‡

Stage 4 113 87±3 96±2

Stage 4S 3 100 100

Diploid (infants only)

Stage 3 30 97±3 0.014‡ 97±3 0.06‡

Stage 4 60 71±6 88±4

Stage 4S 28 89±6 96±4

Histopathological features

Favorable 435 88±2 1.00 96±1 0.80

Unfavorable 33 88±6 97±3

Unknown 8

*	Plus−minus values are survival estimates ±SE. INSS denotes International Neuroblastoma Staging System, and NA not 
applicable.

†	Three infants were excluded because no follow-up data were available.
‡	The P value is for the comparison of stage 3 and 4S versus stage 4.
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Disease Progression and Death

Among all 479 patients, 59 first events were doc-
umented: disease progression (in 42 patients), 
death (in 14 patients), and secondary leukemia (in 
3 patients). Among the 461 patients with known 
biologic type and follow-up data, 57 events were 
noted: 33 events in the 322 patients with favorable 
biologic features (10%) and 24 events in the 139 
patients with unfavorable biologic features (17%). 
Disease progression was locoregional in 30 pa-
tients, metastatic in 11, and both in 1. Six of the 
patients with disease progression subsequently 
died from the disease, complications of therapy, 
or both, and the 36 other patients received salvage 
therapy and survived. Among the 20 patients who 
died, the primary cause of death was the disease 
(in 9 patients), operative complications (in 4 pa-
tients), infection (in 3 patients), the disease and 
infection (in 2 patients), secondary leukemia (in 
1 patient), or an unrelated cause (in 1 patient).

Discussion

In our large, prospective, multicenter trial involv-
ing patients with intermediate-risk neuroblasto-
ma, including infants with locoregional or meta-
static disease and children older than 1 year of age 
with stage 3 tumors, a 3-year overall survival esti-
mate of 96±1% was achieved with a substantial 
reduction of cytotoxic therapy. The largest previ-
ously published study of treatment for intermedi-
ate-risk neuroblastoma (defined on the basis of 
MYCN status, age at diagnosis, histopathological 
features, and ferritin level) was the Children’s 
Cancer Group trial CCG-3881. Among patients 
with tumors that had favorable biologic features, 
the overall survival estimates among the cohorts 
with INSS stages 4S, 4, and 3 disease were 92%, 
93% and 100%, respectively. Among infants with 
unfavorable biologic features, the overall survival 
estimate was 93%.7-9 This outcome was achieved 
with 9 months of chemotherapy (10 cycles) con-
sisting of cisplatin, doxorubicin, etoposide, and 
cyclophosphamide, administered in total cumu-
lative doses substantially exceeding those in the 
current study (Table 3).

Several trials have shown similar survival rates 
with reduced therapy among patients with inter-
mediate-risk neuroblastoma, but because of dif-
ferences in the staging and risk factors used and 
the wide variation within studies of cumulative 
chemotherapy doses, the results cannot be directly 

compared. Bagatell et al.10 reported the outcomes 
for 220 patients with intermediate-risk neuroblas-
toma treated in the Pediatric Oncology Group 
(POG) trial 9243 (Table 3), including infants with 
all stages of disease except those with localized 
disease that was completely resected, with a 
6-year overall survival estimate of 88%. In mul-
tiple European trials, therapy was administered 
to infants with stage 3, 4S, and 4 disease; treat-
ment intensity was adjusted according to sites of 
metastases and tumor response. The amount and 
duration of therapy in these trials ranged from 
no chemotherapy to eight cycles, depending on 
the response of the patients.23-26 The overall 
survival estimates in these studies were gener-
ally similar to those in our study, ranging from 
87 to 95%. Some groups have successfully used 
observation alone in selected infants who had 
stage 4 disease without radiologic evidence of 
bone involvement or progression; in these groups 
the 2-year overall survival estimate was 95%.23 In 
infants with localized resectable disease, whose 
tumors regressed without chemotherapy in half 
the cases, there was an overall survival estimate 
of 99%.24 None of these other studies included 
dose reduction in children older than 1 year of 
age who had stage 3 disease with favorable fea-
tures; in our study, a similar survival rate was 
achieved with reduced chemotherapy among such 
children.

In multiple POG studies of neuroblastoma in 
infants, diploid DNA status negatively affected the 
outcome, although this may be partly attributable 
to the inclusion of some infants who had tumors 
with MYCN amplification.22,27-29 A more recent 
POG study showed an overall survival estimate 
of 86% among patients with diploid DNA status, 
as compared with 94% among patients with 
hyperdiploid DNA status.10 In the European 
studies involving patients with metastatic disease, 
the rate of event-free survival was higher among 
41 infants with hyperdiploidy than among 9 in-
fants with diploid tumors (P = 0.005).23 Further-
more, the recently published International Neu-
roblastoma Risk Group (INRG) analysis showed 
that diploid DNA status, as compared with hyper-
diploid DNA status, was strongly associated with 
reduced rates of event-free and overall survival 
(P<0.001) in infants with stage 4 disease.30 Among 
the patients without MYCN amplification in our 
study, only ploidy, and not histopathological fea-
tures, predicted the outcome. Although diploidy 
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predicted a significantly inferior outcome, the 
estimates of overall survival at 3 years were 
92±1% among infants with diploid DNA status 
and 97±1% among infants with hyperdiploid DNA 
status were similar, suggesting that most patients 
who have a relapse after this moderate chemo-
therapy can survive with further treatment.

The current study shows that the majority of 
infants and some children who have advanced 
neuroblastoma without MYCN amplification can be 
cured with substantially reduced cytotoxic therapy 
as compared with the regimens used in previous 
pediatric cooperative-group trials.7-10,22-29,31 As 
compared with the regimen used in the CCG-3881 
study,7-9 the duration of therapy has been reduced 
by 40% (eight cycles) and 70% (four cycles), respec-
tively, with similar outcomes maintained (Fig. 1). 
In addition, as compared with previous clinical 
trials involving patients with intermediate-risk 
neuroblastoma, total cumulative doses of anthra-
cyclines, topoisomerase II inhibitors, and platinum 
agents were reduced to minimize both acute and 
long-term toxic effects on hearing, the heart, and 
the kidneys (Table 3).11-14,32-35 Recent reports from 
Europe suggest that some infants with interme-
diate-risk neuroblastoma can survive without re-
ceiving chemotherapy, but identification of these 
patients at diagnosis may depend on further ge-
netic studies.23,24 Other reports that residual dis-
ease in patients with favorable biologic features 
does not adversely affect survival suggest that 
therapy may be further reduced in such patients 
despite incomplete surgical resection.9 In our 
study, the results achieved with four cycles of che-
motherapy were similar to the results with eight 
cycles in patients with tumors that had favorable 
biologic features. The estimate of overall survival 
at 3 years was 96%, suggesting that therapy might 
even be further reduced, as long as patients who 
have an insufficient response receive additional 
cycles of therapy. With this approach, a reduction 
in costs, improvement in the quality of life, and a 
reduction in late effects of therapy are anticipated.

The extent of surgical resection of the primary 
tumor did not influence the outcomes in our study, 
a finding in keeping with the results of other 
studies.36 In addition, the relatively high surgical 
complication rate of 28% with four deaths high-
lights the need for these procedures to be under-
taken by experienced pediatric surgeons in special-
ized pediatric hospitals, using a selective surgical 
approach to minimize surgical morbidity in these 
patients. It is hoped that the determination of sur-
gical risk factors on the basis of radiologic assess-
ment of resectability (“image-defined risk fac-
tors”) in future clinical trials, as defined by the 
INRG staging system, will guide the timing of 
primary resection and decrease surgical complica-
tions.37-39 Radiotherapy was not necessary as a 
primary treatment in this study; it was success-
fully restricted to 12 patients (2.5%), without det-
riment to the outcome. These findings are consis-
tent with the observations of others.40

In conclusion, using risk stratification based on 
clinical and genetic data, we substantially re-
duced both the doses and duration of therapy for 
intermediate-risk neuroblastoma and maintained 
very high survival rates. These data, along with 
the low rate of treatment-related deaths (1.7%) and 
low incidence of secondary leukemia (three cas-
es), provide support for further dose reduction in 
this population, and assessment of chromosomal 
deletions and segmental aberrations may provide 
more specific criteria for determining the dura-
tion of therapy in individual patients.41-46 Func-
tional imaging with MIBG and fluorodeoxyglu-
cose positron-emission tomographic scans may 
also improve a response-based algorithm, allow-
ing further individualization of therapy to mini-
mize chemotherapy exposure and late effects of 
treatment.47
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