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abstract

PURPOSE Infants with stage 4S neuroblastoma usually have favorable outcomes with observation or minimal
chemotherapy. However, young infants with symptoms secondary to massive hepatomegaly or with unfavorable
tumor biology are at high risk of death. Our aim was to improve outcomes for patients with symptomatic and/or
unfavorable biology 4S neuroblastoma with a uniform treatment approach using a biology- and response-based
algorithm.

PATIENTS AND METHODS The subset of patients with 4S disease withMYCN-not amplified tumors with impaired
or impending organ dysfunction, or with unfavorable histology and/or diploid DNA index, were eligible. Patients
were assigned to receive two, four, or eight cycles of chemotherapy on the basis of histology, diploid DNA index,
chromosome arm 1p or 11q loss of heterozygosity (LOH) status, and symptoms.

RESULTS Forty-nine eligible patients were enrolled: 41 were symptomatic and 28 had unfavorable biology.
Seventeen patients (symptomatic, favorable biology) were assigned two cycles, 21 patients (any unfavorable
biologic feature without 1p or 11q LOH) were assigned four cycles, and 11 patients (unfavorable biology in-
cluding 1p and/or 11q LOH [n = 7] or symptomatic with unknown biology [n = 4]), were assigned eight cycles.
The 3-year overall survival was 81.4%6 5.8%. Eight of nine deaths were in patients younger than 2 months of
age at diagnosis (median, 9 days [range, 1 to 68 days]): five acute deaths were a result of hepatomegaly and
associated toxicities; two were a result of late relapse in patients with unfavorable biology; and two were a result of
treatment complications. No deaths occurred after protocol-mandated pre-emptive treatment of infants younger
than 2 months with hepatomegaly, regardless of symptoms. A new scoring algorithm for emergent chemo-
therapy in patients with 4S disease was developed on the basis of this experience.

CONCLUSION The outcome for 4S neuroblastoma can be improved with pre-emptive chemotherapy for evolving
hepatomegaly or other baseline comorbidities in infants younger than 2 months of age.

J Clin Oncol 37:115-124. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Since 1971,1 stage 4S neuroblastoma has been
characterized by a unique pattern of disseminated
disease in infants, with a surprisingly good prognosis.
The International Neuroblastoma Staging System
defines 4S neuroblastoma as age younger than
12 months, with International Neuroblastoma Staging
System stage I or II primary tumor and metastases
limited to liver, skin, and bone marrow (, 10%) in-
volvement.2 Approximately 50% of infants with 4S
neuroblastoma undergo spontaneous regression
without any therapeutic intervention.3,4 However, there
exists a subset of patients with 4S disease with a worse
prognosis.5-8 Features associated with increased
mortality include very young age at diagnosis, massive

hepatomegaly with associated organ dysfunction such
as coagulopathy, respiratory compromise, and ab-
dominal compartment syndrome,4,6,9 or tumors with
unfavorable biologic features.8 Reported 4S survival
rates from clinical trials are generally greater than
90%, but many, including recent Children’s Oncology
Group (COG) and European trials, had eligibility criteria
including a requirement for tumor biopsy and/or strict
organ performance guidelines, whichmay have biased
the populations studied.10-14 To address these issues,
the COG designed ANBL0531 to allow patients with
clinically symptomatic 4S disease, or those at risk of
impending organ dysfunction, to enroll without re-
quirement for tissue biopsy for risk assignment. The
objective of this study was to maintain 90% survival in
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this higher-risk subset of 4S with protocol-defined signs of
organ dysfunction related to tumor progression, and to adjust
chemotherapy cycles from the prior COG study according to
tumor biology (including loss of heterozygosity [LOH] of 1p or
11q), exceptingMYCN gene amplification (assigned to high-
risk therapy). We aimed to evaluate specific baseline ab-
normalities present at diagnosis to determine whether these
predicted for morbidity and mortality, and to reduce surgical
morbidity by eliminating the requirement for complete re-
section of the primary tumor.

PATIENTS AND METHODS

Between October 8, 2007, and June 30, 2011, 49 eligible,
evaluable patients with 4S neuroblastoma were enrolled.
Patients were younger than 365 days of age, with newly
diagnosed 4S and either clinically symptomatic or de-
veloping organ dysfunction from progressing disease. In
addition, patients with 4S disease with tumors that were
MYCN-not amplified (NA) but showed unfavorable histol-
ogy by International Neuroblastoma Pathology Classifica-
tion (high MKI or undifferentiated) and/or diploid DNA
index (DI = 1) were defined as having unfavorable biology
and were also eligible.15 After amendment in 2009,
asymptomatic patients with 4S disease judged to have
impending organ impairment caused by rapidly evolving
hepatomegaly were to receive emergent chemotherapy,
regardless of tumor biology or ability to undergo biopsy.
Treatment group assignment was determined by tumor
biology (Table 1). The duration of therapy was determined
by resolution of symptoms and tumor response.

The International Neuroblastoma Pathology Classification,
MYCN copy number, DI, and LOH at 1p36 and 11q23 (by
multiplexed fluorescence polymerase chain reaction16)
were determined in the COG Neuroblastoma Reference
Laboratory. Asymptomatic patients with favorable biology
tumors, defined as favorable histology (FH), MYCN-NA,
hyperdiploidy (DI . 1), regardless of 1p/11q status, were

designated as having low-risk disease and were assigned to
group 1 for observation only (COG biology study ANBL00B1);
therefore, they were not eligible for ANBL0531. Group 2
included symptomatic patients with favorable biology tumors
(FH, DI . 1, normal 1p/11q), assigned to receive two cycles
of chemotherapy. Group 3 patients, regardless of symptoms,
had tumors with one unfavorable biologic feature (UH and
any ploidy, or FH and DI = 1, with normal 1p/11q; or
symptomatic patients with FH, DI greater than 1, with 1p
and/or unbalanced 11q LOH) and were assigned four cycles
of chemotherapy. Group 4 included patients whose tumors
had 1p and/or 11q LOH with, in addition, either UH or DI = 1
and were assigned to eight cycles. Patients too ill to biopsy
were assigned to group 4. If any biomarker was missing, it
was considered to be unfavorable for the purpose of treat-
ment assignment.

Chemotherapy consisted of alternating cycles of drug com-
binations with carboplatin, etoposide, cyclophosphamide,
and doxorubicin, as reported previously for intermediate-risk
neuroblastoma.10 Filgrastim was mandated for patients
younger than 60 days of age. Emergent initiation of therapy
was allowed before enrollment in patients who were symp-
tomatic, or who were at impending risk to become symp-
tomatic. Immediate initiation of chemotherapy for infants
younger than 2 months of age with evolving hepatomegaly
was strongly advised. This was made more explicit with a
protocol amendment and specific education of treating
physicians in COG after five deaths in young patients because
of rapidly progressive hepatomegaly.

Resection of primary tumor was not required. Radiation
therapy was allowed for symptomatic hepatomegaly un-
responsive to chemotherapy. Successful completion of
therapy was defined as completion of assigned chemo-
therapy, resolution of symptoms, achievement of greater
than or equal to 50% reduction in primary tumor volume,
and elimination of bone marrow and skin metastases. Liver
metastases were not used in evaluation of response

TABLE 1. Treatment Assignment for Patients With Stage 4S Neuroblastoma

Group Biologic Features Symptoms
Baseline
Treatment

COG
Study

1 MYCN-NA, FH, DI . 1 Absent Observation ANBL00B1

2 MYCN-NA, FH, DI . 1 Present 2 cycles ANBL0531

3 MYCN-NA, either UH
or DI = 1, normal 1p and 11q

Any 4 cycles ANBL0531

MYCN-NA, FH, DI . 1 Present

1pLOH or unb11qLOH

or data missing for either

4 MYCN-NA, UH or DI = 1, Any 8 cycles ANBL0531

1pLOH or unb11qLOH

or data missing for either

Abbreviations: COG, Children’s Oncology Group; DI, diploid DNA index; FH, favorable histology; MYCN-NA, MYCN-not amplified; UH, unfavorable
histology.
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because of the known difficulty in interpreting imaging.17

Patients could receive up to eight cycles of chemotherapy
as needed to meet the criteria for completion of therapy.

Baseline assessment of organ dysfunction was obtained for
all patients at study entry to identify clinical predictors of
early morbidity and mortality. Targeted baseline abnor-
malities using Common Terminology Criteria for Adverse
Events (version 4.0) included respiratory compromise,
coagulopathy (partial thromboplastin time international
normalized ratio, fibrinogen), liver dysfunction (bilirubin,
albumin, aspartate aminotransferase, alanine amino-
transferase), and failure to thrive (anorexia). The protocol
was approved by institutional review boards, and informed
consent was obtained for all patients.

ANBL0531 was a prospective, nonrandomized, phase III
clinical trial to evaluate the reduction of therapy for
intermediate-risk neuroblastoma. Herein, the subgroup of
patients with 4S disease has been analyzed separately. The
relationships among toxicity, symptoms and vital status
were explored using Fisher’s exact test. For event-free
survival (EFS), time to event was calculated from di-
agnosis to first occurrence of relapse, progression, death, or
secondary malignancy, or time to last contact if no event
occurred. For overall survival (OS), the event was death
from any cause. Survival estimates were calculated according

to Kaplan-Meier18 and are reported at 3 years 6 SE,19 and
curves were compared using a two-sided log-rank test.

In the subgroup of symptomatic patients, an optimal cut
point for age at diagnosis was determined, to test when
these patients were most at risk of death, by maximizing the
Youden index (maximum of [sensitivity + specificity 2 1]
over possible values of age at diagnosis) with respect to how
well age at diagnosis determined patient mortality within
3 years.20,21 In addition, logistic regression models for
occurrence of death were fit to determine the age cut point
at which the odds ratio was maximized and statistically
significant. For all analyses, P values , .05 were consid-
ered statistically significant.

RESULTS

Patient Characteristics and Therapy

Forty-nine eligible patients with 4S disease enrolled in
ANBL0531, all of whomwere also evaluable and enrolled in
the COG biology study ANBL00B1 (Fig 1). An additional five
patients with 4S disease enrolled but were not eligible or
evaluable because of asymptomatic low risk (n = 1) or
MYCN amplification or high risk (n = 4) disease. Charac-
teristics of eligible patients at enrollment are listed in
Table 2. Twenty-eight patients had at least one unfavorable

Total No. patients with 4S disease enrolled in
ANBL00B1 during 0531 activation:
October 8, 2007, to June 30, 2011

(N = 141) 

Symptomatic and/or
emergent therapy

(n = 41) 

Asymptomatic
(n = 8)

D1: Ineligble
(n = 1)

D2: Eligible and
evaluable stage 4S

patients on ANBL0531
(n = 49)

D3: MYCN
amplification

(n = 4)

A: Unfavorable
biology or

symptomatic,
regardless of biology
and not enrolled on

ANBL0531
(n = 24)

B: Favorable biology
and asymptomatic

followed on
ANBL00B1

(n = 50)

C: All other patients
not enrolled in 

ANBL0531
(n = 13)

Unfavorable biology or
   symptomatic regardless
   of biology

Favorable biology and
   symptomatic
Others not symptomatic
Total

(n = 27)

(n = 23)

(n = 54)
(n = 4)

D: Enrolled On ANBL0531

FIG 1. Diagram showing all 141 patients with International Neuroblastoma Staging System Stage 4S disease entered in Children’s Oncology Group biology
study ANBL00B1 between October 8, 2007, and June 30, 2011. Forty-nine patients with 4S disease were eligible and evaluable and enrolled in ANBL0531.
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biologic characteristic. Seventeen patients were assigned to
treatment group 2, 21 patients were assigned to group 3,
and 11 patients to group 4 (unfavorable biology including
1p/11q LOH regardless of clinical symptoms [n = 7] or
symptomatic with unknown biology [n = 4]). The median
cycles of chemotherapy delivered to patients initially
assigned to groups 2, 3, and 4, respectively, were two

(range, two to six), four (range, two to four), and eight
(range, two to eight).

Response to therapy was complete response (n = 6), very
good partial response (n = 10), partial response (n = 23),
stable disease (n = 1), and progressive disease (n = 1).
Eight patients were missing response evaluation and were
removed from therapy because of death (n = 5) or phy-
sician determination (n = 3). Nine patients in group 3 and
five patients in group 4 received fewer than the assigned
number of chemotherapy cycles for the following reasons:
physician determination (n = 7), patient death (n = 5), and
refusal of additional therapy by parent (n = 2). Thirty-eight
patients were considered by their physician to be symp-
tomatic at diagnosis, and an additional three patients re-
ceived emergent chemotherapy because of impending risk
of becoming symptomatic. Only five infants received he-
patic radiotherapy. Among the 41 patients who were overtly
symptomatic or at impending risk, the median age at di-
agnosis was 48 days (range, 1 to 228 days); 17 were in
group 2, 17 were in group 3, and seven were in group 4.

Sixteen patients had greater than 50% surgical resection of
the primary tumor (including 11 at diagnosis). Therewere two
serious surgical complications reported in the 44 patients
who underwent a diagnostic surgical procedure: one required
partial liver resection together with partial tumor resection,
and one required ventilator support postoperatively.

Baseline Abnormalities

Assessment of at least one targeted baseline abnormality
was obtained in 45 of the 49 patients; 25 had at least one
targeted grade 2 abnormality (median, 1; range, 1 to 3).
Seventeen patients had at least one grade 3 abnormality,
and nine patients had at least one grade 4 abnormality,
including hyperbilirubinemia (n = 1), hypofibrinogenemia
(n = 2), and respiratory compromise (n = 7; Table 3). All
nine patients who died reported at least one baseline ab-
normality of grade greater than or equal to 2, and seven had
an abnormality of grade greater than or equal to 3 (Table 4).
The severity of each of the targeted abnormalities between
the patients who died and those who survived was only
significant for coagulopathy. Five of nine patients (55.6%)
who died experienced grade 3 or 4 coagulopathy versus
five of 40 (12.5%) who survived (P = .01). Five of nine
patients (55.6%) who died had baseline grade of greater
than 3 respiratory compromise, and one of nine (11.1%)
had grade 3 anorexia (failure to thrive [FTT]), compared
with ten of forty infants (25.0%; P = .11) and zero of forty
infants (0.0%; P = .18) who survived, respectively. Grade 3
and 4 liver dysfunction occurred more often in patients who
died, although there was no significant difference in oc-
currence between those who died (three of nine [33.3%])
and those who survived (six of forty [15%]; P = .34).

There was no difference in baseline liver dysfunction be-
tween symptomatic and asymptomatic patients. Two of the
11 asymptomatic patients (18.2%) had grade greater than

TABLE 2. Clinical and Biologic Characteristics of Patients With INSS Stage 4S
Disease Enrolled in ANBL0531, by Group (N = 49)

Characteristic
Overall
(N = 49)

Group 2
(n = 17)

Group 3
(n = 21)

Group 4
(n = 11)

Age, days, median
(range)

57 (1,228) 67 (6,226) 30 (2,228) 43 (1,198)

Sex

Male 25 (51) 8 (47) 13 (62) 4 (36)

Female 24 (49) 9 (53) 8 (38) 7 (64)

Diagnostic procedure
performed

. 50% resection of
primary

11 (22) 4 (24) 6 (29) 1 (9)

Biopsy of primary 25 (51) 10 (59) 10 (48) 5 (45)

Biopsy liver 1 (2) 1 (6) 0 (0) 0 (0)

Biopsy other 7 (14) 2 (12) 4 (19) 1 (9)

Bone marrow biopsy 0 (0) 0 (0) 0 (0) 0 (0)

None 5 (10) 0 (0) 1 (5) 4 (36)

Ploidy

Hyperdiploid 25 (66) 17 (100) 8 (44) 0 (0)

Diploid 13 (34) 0 (0) 10 (56) 3 (100)

Unknown 11 0 3 8

Histology

Favorable 41 (93) 17 (100) 17 (85) 7 (100)

Unfavorable 3 (7) 0 (0) 3 (15) 0 (0)

Unknown 5 0 1 4

1p

No LOH 32 (82) 17 (100) 15 (83) 0 (0)

LOH 7 (18) 0 (0) 3 (17) 4 (100)

Unknown 10 0 3 7

11q

No LOH 37 (95) 17 (100) 16 (89) 4 (100)

LOH 2 (5) 0 (0) 2 (11) 0 (0)

Unknown 10 0 3 7

Symptomatic at
enrollment

Yes 38 (78) 17 (100) 14 (67) 7 (64)

No 11 (22) 0 (0) 7 (33) 4 (36)

Unknown 0 0 0 0

NOTE. Data are presented as No. (%) unless indicated otherwise.
Abbreviations: INSS, International Neuroblastoma Staging System; LOH, loss of

heterozygosity.
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or equal to 3 liver dysfunction compared with seven of the
38 symptomatic patients (18.4%; P = 1.00). None of the 11
asymptomatic patients had grade greater than or equal to 3
coagulopathy versus 10 of the 38 symptomatic patients
(26.3%; P = .09).

EFS, OS, and Deaths

The 3-year EFS and OS for all 49 patients was 79.5% 6
6.0% and 81.4%6 5.8%, respectively, (median follow-up,
approximately 6 years; Fig 2A). This is apparently lower
than the 3-year EFS (88.0% 6 4.7%) and OS (100%) for
the 50 group 1 asymptomatic favorable biology (MYCN-NA,
FH, hyperdiploid) patients with 4S disease registered in the
COG biology study ANBL00B1 over this time period (and
not enrolled in ANBL0531), who were followed with ob-
servation (Fig 2B). The median age of the asymptomatic
patients in the non-ANBL0531 cohort was 72.5 days,
slightly older than the ANBL0531 cohort (median age,
57 days). Figure 2C shows lower EFS for patients with organ
impairment or emergent chemotherapy, compared with
those without clinical signs of organ impairment (P = .14),
and Fig 2D shows lower EFS for patients with unfavorable
and unknown biology (P = .005).

Table 4 lists baseline characteristics and organ abnor-
malities, diagnostic procedure, time of treatment initiation,
and outcome for all nine patients who died. Of these, five
deaths were related to acute complications of rapidly
progressing hepatomegaly, and all occurred over the initial
21 months of patient accrual. Two patients with unfavor-
able biology tumors assigned to treatment group 3 died
after metastatic relapse, one with 11q LOH and one with
DI = 1; both patients were taken off protocol therapy after
receiving fewer than prescribed courses because of phy-
sician determination. Two additional deaths occurred: one
as a result of septic shock and retroperitoneal hemorrhage
after cycle 4 and one as a result of liver transplantation
complications. Adverse events recorded in infants who died
acutely because of complications of rapidly evolving he-
patomegaly included abdominal compartment syndrome,
renal failure, respiratory failure, coagulopathy, and in-
fection. These five patients received treatment a median of
8 days from diagnosis (range, 6 to 16 days). They received

one cycle of chemotherapy, three underwent decom-
pressive laparotomy for compartment syndrome, and one
received hepatic radiation.

Only four of 49 patients were considered to be too ill to
undergo diagnostic biopsy, including one of the five infants
whodiedas a result of complications of hepatomegaly. Baseline
grade 4 toxicities were observed disproportionately in eight of
nine patients younger than 3 months of age at diagnosis,
and all deaths related to early complications of hepatomegaly
also occurred in these young infants (Tables 3 and 4).

Because of the five deaths in the first 21 months of the
study, an urgent safety memo was communicated to COG
investigators, and the protocol was amended to mandate
immediate chemotherapy for patients with 4S disease
younger than 2 months of age at diagnosis with evolving
hepatomegaly. No deaths related to complications of he-
patomegaly occurred in the subsequent 31 4S infants
enrolled, including 18 who were younger than 2 months of
age (Appendix Fig A1, online only).

Among the 41 patients who were symptomatic and/or
required emergent therapy, the age at diagnosis ranged
from 1 to 228 days. All patients who died were diagnosed
before 3 months of age, and eight of nine were diagnosed
before 2 months of age. The optimal cut point for age at
diagnosis and risk of death was in the range of 40 to
47 days, yielding a Youden index of 0.51 and an odds ratio
of 13.33 (95% CI, 1.48 to 120.15; P = .02). Patients
younger than 40 days had greater than 13 times the risk
of dying compared with patients older than 47 days.

DISCUSSION

This clinical trial in patients with 4S neuroblastoma or at
high risk of vital organ compromise from rapidly pro-
liferating tumor and/or unfavorable tumor biology showed
an 81% 3-year OS rate using biology- and response-based
chemotherapy. We extended and refined prior reports
suggesting that despite the well-documented complete
and spontaneous multifocal tumor regressions observed
in the majority of patients with 4S disease, identifiable
subsets are at a higher risk of death from the

TABLE 3. Baseline Grade $ 3 Abnormalities in Infants With INSS 4S Neuroblastoma Diagnosed at Age , 2 Months Versus $ 2 Months

Grade 3 or 4 Baseline Abnormality
Age at Dx < 2
Months (No.)

Age at Dx ‡ 2
Months (No.) All Patients (No.)

Deaths
(No.)

All patients with 4S disease in study 25 24 49 9

Liver dysfunction 6 3 9 of 49 3

Coagulopathy 8 2 10 of 49 5

Respiratory compromise 12 3 15 of 49 5

Anorexia (FTT) 1 0 1 of 49 1

Death from symptoms 4 1 5 of 49 5

Any grade $ 3 baseline abnormality 15 6 21 of 49 7

Abbreviations: Dx, diagnosis; FTT, failure to thrive; INSS, International Neuroblastoma Staging System.
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extraordinarily rapid tumor proliferation, typically within
the liver. Although the 81% 3-year OS is apparently in-
ferior to the 85% to 97% 5-year OS in other cooperative

trials,4,10-14,22,23 these studies mainly included asymp-
tomatic patients, and the majority had favorable biology
(Appendix Table A1, online only). In our study, 84% of
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FIG 2. (A) Event-free survival (EFS) and overall survival (OS) for ANBL0531 4S eligible and evaluable patients (N = 49). The median follow-up for patients
without an event was 2,196 days; the median follow-up for all surviving patients was 2,219 days. (B) EFS and OS for ANBL00B1 low-risk asymptomatic
patients with 4S disease (n = 50) not enrolled in ANBL0531. Low-risk patients with 4S disease enrolled in ANBL00B1 but not enrolled in ANBL0531 had
tumors that were MYCN nonamplified, hyperdiploid (regardless of 1p or 11q status), and had favorable histology by International Neuroblastoma Pathology
Classification; the median age was 72 days, with 21 (42%) younger than 2 months at diagnosis. (C) EFS for ANBL0531 patients with 4S disease,
symptomatic, and emergent therapy (n = 41) versus asymptomatic (n = 8; P = .14). (D) EFS for ANBL0531 patients with 4S disease, favorable (n = 17)
versus unfavorable (n = 28) versus unknown biology (n = 4; P = .005).
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patients had (or were at high risk of) vital organ impair-
ment, and 57% showed at least one unfavorable tumor
biomarker. Our study differed from prior trials because of
its prospective, systematic allocation of treatment length
that was based on symptoms, age, and tumor biology,
including 1p and 11q aberrations. These data emphasize
that despite the likelihood of spontaneous regression in
many patients with 4S disease, those with evidence of
rapid tumor growth in the first several weeks of life require
immediate intervention with chemotherapy to avoid po-
tentially irreversible abdominal compartment syndrome
and hepatic and/or renal failure.

Our study confirmed the higher risk of death in patients
diagnosed before 2 months of age, with eight of nine deaths
in this trial occurring in patients in this group, and the
Youden index showing a 13-fold increased risk of death in 4S
neuroblastoma presenting before 40 to 47 days. Multiple
reports in the literature have also suggested that the highest
risk of death is in young infants.4,6,7,9,12,24 Once the in-
vestigators were alerted to the markedly increased risk of
death in 4S neuroblastoma in infants younger than 2months
of age and the requirement for emergent treatment of
evolving hepatomegaly, there were no additional deaths in
the infants enrolled subsequently. This result provided
sufficient evidence to support the clinical recommendation
of a conservative cutoff of 2 months of age at diagnosis.

Hsu et al6 published guidelines in 1996 on the basis of a
retrospective review of 35 patients with stage 4S neuroblas-
toma and suggested quantifiable clinical metrics to guide in-
tervention with cytotoxic therapy. These guidelines have never
been formally incorporated into COG clinical trials, likely be-
cause the most vulnerable patients with 4S disease were
excluded on the basis of commonly used eligibility criteria.
Moving forward, theCOGhas adapted amodified version of the
Hsu system (Appendix Table A2, online only) that is based on
our ANBL0531 results to guide chemotherapeutic intervention
for 4S neuroblastoma, including International Neuroblastoma
Risk Group stage MS.25 Prospective objective quantitation of
organ function combined with age and tumor biology will
validate appropriate therapy assignment in future trials.

Although late outcome was not an objective of our trial,
one of the patients presenting with early hepatomegaly
survived, only to die shortly after as a result of compli-
cations from a liver transplantation for hepatic failure. We
found two reports of successful liver transplantations for
4S neuroblastoma.26,27 Other reported late effects include
imaging abnormalities after hepatomegaly, with and
without liver radiation, in patients with 4S disease who had

hepatomegaly at diagnosis. The persistent lesions in-
cluded focal nodular hyperplasia and hepatic fibrosis.17

Only five of our patients received hepatic radiation, which
was less than the routine use prescribed in a prior trial.4

This study did not mandate resection of the primary tumor,
because prior studies suggested no improvement in outcome
for 4S neuroblastoma.12 Only 16 patients had greater
than 50% resection of the primary tumor in this study,
compared with the majority of patients in prior protocols.
Furthermore, this trial allowed symptomatic patients
without biopsy to enroll to encourage rapid treatment
and avoid risky procedures, thus avoiding morbidity.
Despite this recommendation, several patients un-
derwent open surgical procedures at the time of di-
agnosis, which may have contributed to the development of
comorbidities and a delay in the initiation of therapy
(Table 4).

The second adverse outcome, in addition to early com-
partment syndrome or liver damage, is that even without
MYCN amplification, other unfavorable biology (DI = 1,
segmental chromosome aberrations, UH) are prognostic of
a worse OS in 4S neuroblastoma.8,12,13,22,28-31 Our study
confirmed the inferior outcome for patients with unfavor-
able biology compared with symptomatic patients with all
favorable biology, despite the assigned increased length of
therapy. Notably, both of the patients in our trial with late
death as a result of metastatic disease had unfavorable
biology. However, both patients received fewer than the
prescribed four cycles of chemotherapy; therefore, it is
unknown if more cycles of chemotherapy would have
prevented relapse. It is also unknown if any of the four
patients with unknown biology may have had MYCN-am-
plified tumors. Other tumor and host biology studies in 4S
neuroblastoma may provide insight, such as the role of the
immune system with tumor infiltrating invariant natural
killer T cells, increased in 4S,32 epigenetic regulation,33 or
telomerase activation.34-36

In conclusion, the outcome for 4S neuroblastoma can be
further improved with pre-emptive chemotherapy for
evolving hepatomegaly or other baseline comorbidities in
infants younger than 2 months of age, and for any un-
favorable biology characteristics, without surgical resection
of the primary tumor. Recognition of the significant risk of
morbidity and mortality in young infants with 4S neuro-
blastoma, even in those who initially seem asymptomatic,
with prospective evaluation using the modified Hsu criteria,
will allow prompt intervention with chemotherapy and
vigilant supportive care.
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APPENDIX
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FIG A1. Age at diagnosis and death in 4S neuroblastoma (n = 49). (A) Histogram showing the frequency of patients enrolled in each age group and the
number of patients who died within that group. (B) Histogram of ANBL0531 enrollment showing the frequency of symptomatic patients in each age group and
the number of patients who died of acute hepatomegaly complications (n = 5). No deaths occurred from hepatomegaly for 31 patients enrolled after the June
30, 2009, protocol amendment.

© 2018 by American Society of Clinical Oncology Volume 37, Issue 2

Twist et al



TABLE A1. Cooperative Group Clinical Trials of Stage 4S Neuroblastoma

Trial No. (Years) First Author
Enrolled
(No.)

Sxa

(No.)
Unfavorable
Biology (No.)

5-Year EFS
(%)

5-Year
OS (%)

Deaths < 3 Months
After Dx,

of All Deaths

ICGNB De Bernardi7 76 NR NR NR 81 9 of 12

(1976-1991)

POG 8743; 9243;
9047

Katzenstein12,
Bagatell22

110 NR 25 NR 85 11 of 16b

(1987-1996)c

NB79-NB2004 Berthold23 482 NR 39 of 348d 74e 85e NR

(1979-2015)

CCG3881 Nickerson4 77 33 3 86 92 5 of 6

(1989-1995)

SIOPEN99.2f De Bernardi11,
Schleiermacher13

84 41 NRg 89 96 NR of 5

(1999-2004)

COG A3961f Baker10 31 NR 31 90h 97 NR of 1

(1997-2005)

COG P9641f,i Strother14 80 39 0 77 91 4 of 8

(1998-2004)

COG ANBL0531f Twist et al 49 41 32 80 81 9 of 9

(2007-2011) 2018

Abbreviations: Dx, diagnosis; EFS, event-free survival; NR, not reported; OS, overall survival; Sx, symptomatic; Unfav, unfavorable.
aSymptoms in the Children’s Cancer Group, Pediatric Oncology Group, and Children’s Oncology Group studies were defined as compromising organ

function or life threatening; symptoms in the SIOPEN99.2 trial were based on the criteria of Hsu et al.6
bOS: 71% v 93% for older.
cThis included two treatment protocols and one registry/biology study; chemotherapy in 8,743 was cyclophosphamide, and doxorubicin in 9,243, with

combination chemotherapy for unfavorable biology.
dThe only reported tumor biology for 4S was MYCN gene amplification.
eThis study reported 10-year EFS and OS.
fPatients with MYCN gene amplification were excluded.
gLater analysis of tumors showed that 19 patients had segmental chromosome abnormalities.13
h3-year.
iP9641: 84% v 97% 5-year OS for symptomatic v asymptomatic patients (P = .1).
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TABLE A2. New COG Scoring System to Determine the Requirement for Initiation of Emergent Chemotherapy in Patients With INSS 4S

Observed CTCAE v.4.0 Toxicities

Assigned Score

0 1 2

GI dysfunction, metabolism and nutrition # Grade 1 Moderate:
grade 2

Severe:
$ grade 3

Vomiting

Anorexia

Dehydration

Respiratory compromise # Grade 1 Moderate:
grade 2

Severe:
$ grade 3

Respiratory, thoracic, mediastinal disorders–other
(eg, tachypnea, oxygen requirement, CPAP,
mechanical ventilation)

Impaired venous return # Grade 1 Moderate:
grade 2

Severe:
$ grade 3

Edema limbs

Localized edema

Renal dysfunction # Grade 1 Moderate:
grade 2

Severe:
$ grade 3

Renal and urinary disorders–other (eg, decreased urine
output, oliguria)

Creatinine

Hepatic dysfunction # Grade 1 Mild to moderate:
grade 2

Severe:
$ grade 3

Platelet count decreased

Fibrinogen decreased

Activated partial thromboplastin time prolonged

Hypoalbuminemia

Blood bilirubin increased

Aspartate aminotransferase increased

Alanine aminotransferase increased

NOTE. Within the five organ systems of interest, there are multiple measures or factors that will be evaluated. Each individual measure will be graded using
CTCAE v4.0 as 0 (not present to grade 1), 1 (moderate, grade 2), or 2 (severe, $ grade 3). Within each organ system, a single score will be assigned on the
basis of the highest score documented within that system. The scores for the five organ systems will be summed to determine the total score, with a maximum
total of 10. A score $ 2 would lead to immediate initiation of therapy.
Abbreviations: COG, Children’s Oncology Group; CPAP, continuous positive airway pressure; CTCAE, Common Terminology Criteria for Adverse Events;

INSS, International Neuroblastoma Staging System.
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