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Purpose: Stage IV-S neuroblastoma is a metastatic
disease associated with spontaneous regression and
good survival, but 10% to 20% of infants die from early
complications. The purpose of this study was to evalu-
ate outcome and prognostic factors in infants with
stage IV-S neuroblastoma treated prospectively with
supportive care only or, in symptomatic patients, with
low-dose cytotoxic therapy.

Patients and Methods: Eighty eligible infants were
studied for response and survival with supportive care
or, for symptomatic patients, cyclophosphamide 5 mg/
kg/d for 5 days with or without hepatic radiation of 4.5
Gy over 3 days. Staging was reviewed centrally, and
MYCN gene copy number, Shimada histopathologic
classification, serum ferritin levels, and bone marrow
immunocytology were determined.

Results: Stage IV-S and International Neuroblas-
toma Staging System stage 4S were 98% concordant.
MYCN was not amplified in any of the tumors tested
(n 5 58), and Shimada histopathologic classification
was favorable in 96% (n 5 68/71). The 5-year event-
free survival (EFS) rate for all infants was 86% and the
survival rate was 92%. Supportive care was the only

treatment provided for 44 (55%) of 80 infants, and their
5-year survival rate was 100%, compared with 81%
survival for those requiring cytotoxic therapy for symp-
toms (P 5 .005). Five of six deaths were in infants
younger than 2 months of age at diagnosis and were
due to complications of extensive abdominal involve-
ment with respiratory compromise or disseminated in-
travascular coagulation. Although age < 3 months at
diagnosis was significant for EFS (P 5 .043), it was less
significant for survival (P 5 .077). The only other signif-
icant factor predictive for improved survival was favor-
able Shimada histopathologic classification. Sites of
metastatic involvement (liver, skin, or bone marrow)
and surgical resection of the primary tumor were not
significant for survival.

Conclusion: This study confirms the favorable bio-
logic features and excellent survival of infants with
stage IV-S neuroblastoma with minimal therapy. In-
fants younger than 2 months old at diagnosis with
rapidly progressive abdominal disease may benefit
from earlier and more intensive treatment.

J Clin Oncol 18:477-486. © 2000 by American
Society of Clinical Oncology.

STAGE IV-S NEUROBLASTOMA describes a specific
metastatic pattern of a tumor of the peripheral nervous

system. This pattern is seen almost exclusively in infants
and is associated with a high survival rate and spontaneous
maturation and regression, often without the necessity for
cytotoxic therapy. Originally defined as a unique group by
D’Angio, Evans, and Koop in 1971,1 the definition for this
stage has been clarified by the recently adopted Interna-
tional Neuroblastoma Staging System (INSS). INSS 4S is
defined as tumor in an infant less than 1 year of age with
metastases restricted to the liver, skin, and bone marrow
(, 10% tumor) in whom the primary tumor is localized
(INSS 1 or 2), that is, there is no infiltration across the
midline or contralateral lymph node involvement.2 Retro-
spective studies indicate that the disease-free survival for
children with stage IV-S ranges from 70% to 97%.3-14

Although many infants seem to require little or no therapy,
the role of radiation therapy, surgery, and chemotherapy for
those infants with progressive or symptomatic disease
remains controversial.5,15,16 Some studies have indicated
that MYCN oncogene amplification and other biologic
factors may be associated with poor survival, even in stage
IV-S.17-19 We report a prospective study of stage IV-S

neuroblastoma in infants less than 1 year of age conducted
to evaluate the outcome with supportive care only or, for
symptomatic infants, with low-dose cytotoxic therapy and
to determine tumor biologic and clinical prognostic features.
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PATIENTS AND METHODS

Children’s Cancer Group (CCG) protocol 3881 (open from June
1989 to August 1995) registered patients with good-, intermediate-, and
selected poor-risk neuroblastoma. Eighty infants were eligible with
stage IV-S neuroblastoma after central staging review of all 507 infants
entered onto the CCG-3881 study. Three of these patients, who were
initially registered as stage IV, received combination chemotherapy
intended for stage IV disease and these three are excluded from the
analysis of effect of therapy on survival. Institutional human research
committee approval and appropriate informed consent were obtained
for all patients.

Evans staging for stage IV-S disease was used, as previously
described, to include infants with small primary tumors that did not
cross the midline and were associated with metastases limited to skin,
liver, and bone marrow.3 INSS 4S criteria differ from those for stage
IV-S in that the age at diagnosis is explicitly limited to infants less than
1 year and bone marrow involvement is limited to less than 10%
malignant cells on biopsy or aspirate. Patients who did not have the
surgical exploration required for rigorous INSS staging were classified
on the basis of radiologic and clinical evaluations. Minimum staging
studies included appropriate radiologic imaging of the primary tumor
with ultrasound, computed tomography, or magnetic resonance imag-
ing; bilateral bone marrow aspirate and biopsy; urine catecholamines;
and either skeletal survey or bone scan. Surgical staging was encour-
aged for infants who were not severely compromised. Central review of
staging was performed by three experienced surgeons and two oncolo-
gists and included review of data forms, operative and pathology
reports, and, in some cases, radiology reports. Infants less than 2
months of age with massive liver enlargement were considered poor
surgical candidates, and diagnostic material was obtained by percuta-
neous needle biopsy of the liver or by biopsy of skin lesions when
present.

Shimada histopathology of tumor specimens was centrally reviewed
and reported as favorable or unfavorable, as previously described.20

Bone marrow immunocytology (sensitivity of one tumor cell per 105

nucleated bone marrow cells) was performed in the CCG Neuroblas-
toma Reference Laboratory.21 Local institutions obtained serum at
diagnosis for ferritin determination by radioimmunoassay.22 The
MYCN gene copy number was determined by the Neuroblastoma
Reference Laboratory by using either Southern analysis of DNA23 or,
after 1993, analysis ofMYCN protein expression by semiquantitative
polymerase chain reaction24 and immunoperoxidase stain.25

All infants were treated with supportive care alone, unless there was
respiratory or renal compromise caused by massive liver enlargement
or evidence of disease progression. Rapid tumor growth and impending
compromise of vital organ functions were indications for chemotherapy
with or without radiation therapy, after consultation with the study
chair. When chemotherapy was given, a 5-day course of cyclophosph-
amide at 5 mg/kg/d, either orally or intravenously, was used. This
treatment could be repeated at 2-week intervals if the absolute
neutrophil count was greater than 1,000/mL. Cyclophosphamide was to
be discontinued at the first indication of tumor regression or resolution
of symptoms. Radiation therapy was administered as cross-table
hepatic radiation daily for 3 days (total of 4.5 Gy).

Life table methods were used to estimate the event-free survival
(EFS) from time of diagnosis.26 The Fisher exact test from the
permutation distribution of the log-rank statistic was used to compare
the EFS probabilities between subgroups of patients.27 For all analyses
of outcome by treatment, three patients who were originally mistakenly

classified as having stage IV disease and treated more intensively were
excluded.

RESULTS

Patient Characteristics and Staging

Eighty eligible infants met central criteria for stage IV-S
neuroblastoma. Only one of the infants classified as having
Evans stage IV-S disease did not meet the INSS 4S criteria
because of 45% tumor cells in the bone marrow. Sites of
primary and metastatic tumor distribution are shown in
Table 1. The majority (74%) of patients had an adrenal
primary site, and the liver was the most common metastatic
site (81%), with bone marrow metastases in only 34% of
infants and skin metastases in 14%. Regional lymph node
involvement was rare, as one would expect with primary
type limited to stage I or II tumors.

Surgical Resection

Open surgical procedures were preformed in 49 infants,
including 42 procedures at diagnosis, five delayed explora-
tions, and five second explorations. Complete primary
tumor resection was achieved in 31 patients, with 25
resections at diagnosis, five at delayed surgery, and one at
second surgery. Of the other 18 patients, there were six
whose best resection left microscopic residual, two with
partial resection (, 50% tumor remaining), and 10 with
biopsies only (. 50% tumor remaining). Thirty-one infants
had no open surgical procedures but were staged by mag-
netic resonance imaging or computed tomography. Diagno-
sis was verified in these cases by needle biopsy of the
primary tumor or liver, skin, or bone marrow and urinary
catecholamines. Two infants required silastic abdominal
pouches for rapidly expanding abdominal disease and both
died.

Table 1. Tumor Distribution for 80 Stage IV-S Infants

Primary Tumor Site
No. of
Infants

Additional Sites of Disease

Liver Bone Marrow Skin Lymph Nodes

Adrenal* 59 52 17 10 4
Chest 7 5 3 0 2
Abdominal-thoracic 4 1 4 0 0
Celiac 1 1 0 0 0
Neck 4 2 2 0 0
Unknown 4 3 0 1 1
Other 1 1 1 0 0
Total 80 65 27 11 7

NOTE. Each infant may have one, two, three, or four additional sites of
disease. Bone marrow tumor was detected by bone marrow aspiration or
biopsy using light microscopy at the primary institution.

*Includes five infants with bilateral adrenal primary tumors.
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Five infants had bilateral adrenal primary tumors, and one
of the five had both primary tumors resected. The other four
had only partial resection (n5 1) or biopsy only (n5 3).
One of these patients had bilateral adrenal disease detected
at autopsy, and in one patient the adrenal disease was in situ.
Except for bilateral adrenal disease, these patients met the
criteria for stage IV-S and were similar to other cases
reported.28,29

Cytotoxic Therapy

Supportive observation after surgical or clinical staging
was the only therapy in 44 infants (55%), whereas cytotoxic
therapy as prescribed by protocol was given to 33 patients.
Thirteen asymptomatic patients did not have surgical resec-
tion of their primary tumor and had no further antitumor
treatment, and all are surviving free of disease. An addi-
tional three patients were excluded from the therapy anal-
ysis because they received combined-modality therapy as
prescribed on CCG-3881 for infants with stage III and IV
disease.30 Cytotoxic therapy included radiation only in one
patient, chemotherapy only in 10 patients, and both modal-
ities in 22 patients. Of the patients treated with chemother-

apy who survived, 24 had only a single course of cyclophos-
phamide, two patients received two courses, and one additional
patient initially treated with two courses of cyclophosphamide
went on to receive additional treatment with cisplatin, etopo-
side, and doxorubicin. Treatment of the patients who died
included multiagent chemotherapy in two patients, cyclophos-
phamide in three patients, and radiation only in one patient.
Supportive care alone was used in 32 (76%) of 42 infants older
than 2 months at diagnosis, compared with only 12 (34%) of
35 infants# 2 months of age (Table 2).

Radiation therapy to the liver and/or abdomen was given
to 23 patients. Eighteen patients received 4.5 Gy over 3
days. Two additional patients received 6 and 2.4 Gy at the
discretion of their investigators, and data were not available
on the remaining three. Twenty-two of the 23 patients who
received radiation therapy were given intravenous or oral
cyclophosphamide; one patient received radiation alone.

Outcome

The overall 5-year EFS rate was 86% and the survival
rate was 92%, with a median follow-up of 43 months
(range, 0.6 to 88 months). Progressive disease, defined as an
increase in tumor size or development of new tumors,
developed as the first event in eight infants. Three of them
died of their disease, while the remaining five improved
with further therapy and are now surviving at 4 to 6 years
from the time of disease progression. The sites of progres-
sion in these eight patients were the liver (five patients), the
adrenals (four patients), the lymph nodes (three patients),
the bone marrow (two patients), and the lung, neck, chest,
and bone (one patient each). Three of the patients with
disease progression met criteria for stage IV disease at the
time of progression. Two other infants developed progres-

Table 2. Treatment of 77 Infants With Stage IV-S Neuroblastoma

Treatment

Age

0-2 Months . 2 Months

Supportive only 12 32
Radiation and chemotherapy 17 5
Chemotherapy alone 6 4
Radiation alone 0 1
Total no. of patients 35 42

NOTE. Three additional patients initially categorized as having stage IV
disease were treated with combination chemotherapy.

Table 3. Deaths

Age at
Diagnosis

(days)

Disease Sites Biology
Protocol
Therapy

Survival
(days) Cause of Death, Additional TherapyPrimary Metastastic MYCN Shimada

1 Adrenal Liver NA U RT, Cy 43 Progression with respiratory failure from enlarging liver despite a silastic
graft, doxorubicin, cisplatin, etoposide

4 Adrenal Liver, BM NA ND RT, Cy 136 Liver failure from unresponsive disease, ventilator-dependent,
unresponsive to two cycles of cyclophosphamide, etoposide, cisplatin

18 Neck Adrenal ND F RT, Cy 100 Aspiration into tracheotomy, initial good response from two courses of
cyclophosphamide

20 Unknown Liver NA F RT, Cy 23 Progression with liver enlargement, ventilator-dependent, no improvement
with initial therapy

54 Adrenal Liver, BM ND ND RT, Cy 42 Hemorrhage after abdominal silastic graft for progressive disease in
rapidly enlarging abdominal mass; bone marrow had 45% tumor cells

72 Adrenal Liver NA U RT 2 Progressive liver enlargement with disseminated intravascular coagulation;
at autopsy had liver and bilateral adrenal disease

Abbreviations: BM, bone marrow; NA, nonamplified MYCN; U, unfavorable Shimada; F, favorable Shimada; ND, not done; RT, radiation therapy to liver; Cy,
cyclophosphamide.
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sive disease and died, with death as the first event (Table 3).
In all, six infants with stage IV-S died. These infants were
1 to 72 days of age at diagnosis and four of six survived 43
days or less. Four of the deaths were due directly to
complications of progressive or unresponsive abdominal
disease, and all were in infants diagnosed before 2 months
of age. The fifth infant had bilateral adrenal disease and
liver involvement and died of widespread disseminated
intravascular coagulation as a terminal event. The sixth
infant died from aspiration after an initial response to
cyclophosphamide.

Biologic and Clinical Prognostic Features

The MYCN oncogene was not amplified in any of the
tumors tested (n5 58). Fewer samples were assessable for
theMYCNdetermination than for the Shimada classification
because of the requirement for supplemental frozen tissue.
Since 31 patients had only a biopsy at diagnosis, rather than
a complete surgical excision, adequate samples were not
always available. The Shimada histopathologic classifica-
tion was favorable in 68 (96%) of 71 infants. Two of the
three children whose tumors showed unfavorable histopa-
thology died. Their ages were 1 and 72 days at diagnosis.
Initial serum ferritin levels were elevated above 143 ng/mL
in 24 of 52 infants. Seventeen of these 24 were 2 months (60
days) of age or younger at diagnosis and only three of the
infants with elevated ferritin levels died. Bone marrow
immunocytology was positive in 15 (47%) of 32 infants.
Only four of 32 infants had greater than 100 tumor cells per

105 nucleated bone marrow cells present by immunocytol-
ogy, indicating that there was more than 0.1% tumor. Bone
marrow by light microscopy was positive in 27 (34%) of 80
infants. Thirty-five (44%) of 80 patients had bone marrow
involvement as detected by either light microscopy or bone
marrow immunocytology. Although the 5-year EFS and
survival rates were greater for those patients with negative
bone marrow immunocytology than for those with positive
immunocytology, these differences were not significant
(Table 4). Bone marrow by simple light microscopy, avail-
able in the majority of patients, also did not significantly
predict for either EFS or survival.

Clinical and biologic prognostic factors for EFS and
survival are shown and compared in Table 4. Unfavorable
histopathology and the use of cytotoxic therapy, given to
symptomatic infants, were significant unfavorable risk fac-
tors for both EFS and for survival. Despite the fact that five
of six deaths occurred in infants less than 2 months of age
at diagnosis and in all six at less than 3 months, the
difference in survival for both the 2-month and 3-month age
cut-off was not significant using Fisher’s exact test. How-
ever, younger infants# 2 months of age at diagnosis
presented with symptoms requiring cytotoxic therapy twice
as frequently as older infants. The 5-year survival rate for
those requiring treatment was 78% for infants# 2 months
at diagnosis (n5 23), compared with 90% for those older
than 2 months at diagnosis (n5 10; P 5 .64). There was
equally excellent survival of 92% and 100% for asymptom-
atic infants age# 2 months or more than 2 months,

Table 4. Prognostic Factors, EFS, and Overall Survival for 80 Infants With Stage IV-S Neuroblastoma

Risk Factor

Comparison 5-Year EFS (%)

P*

5-Year OS (%)

P*A B A B A B

Age . 2 mo v # 2 mo 93 77 .051 98 86 .081
Age . 3 mo v # 3 mo 97 79 .043 100 88 .077
Liver metastases No v yes 87 86 .99 100 91 .59
Bone marrow metastases by light microscopy No v yes 91 77 .17 92 92 .99
Skin metastases No v yes 85 91 .99 91 100 .59
MYCN gene copy† NA v A 86 — — 93 — —
Histopathology‡ F v U 93 33 .024 97 33 .007
Ferritin , 143 v $ 143 ng/mL 93 79 .227 96 88 .32
BMI§ Negative v positive 100 80 .083 100 87 .20
Surgical resection CR/MR v PR/Bx 92 82 .584 100 91 .25
Cytotoxic therapy\ No v yes 93 75 .047 100 81 .005

Abbreviations: BMI, bone marrow immunocytology; NA, not amplified; A, amplified; F, favorable; U, unfavorable; CR/MR, complete resection or microscopic
residual; PR/Bx, partial resection or biopsy; OS, overall survival.

*All P values were determined using Fisher’s exact test.
†There were no tumors with MYCN amplification.
‡Only three patients had tumors with unfavorable histopathologic characteristics. Two of these developed progressive disease and died within 2 months of study

entry.
§A negative BMI indicates that there was less than one tumor cell per 105 nucleated cells.
\The three patients treated with the combination therapy for stage IV infants because of initial staging were excluded from this analysis.
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respectively (P 5 .99). The 5-year survival rate for all
infants older than 2 months of age at diagnosis was 98%,
compared with 86% for those 0 to 2 months of age (Fig 1).
The 5-year survival rate for infants requiring cytotoxic
therapy was 81%, compared with 100% survival for those
who did not require treatment (Fig 2). Sites of metastases,
including bone marrow by light microscopy, skin, and liver,
were not significant for EFS. Complete gross resection of
the primary tumor did not confer an advantage for EFS (P 5
.58) or survival (P 5 .25).

DISCUSSION

The current study demonstrates that the majority of
children with accurately classified stage IV-S neuroblas-
toma have biologically and clinically favorable tumors and
require minimal therapy. CCG stage IV-S in this study was
completely concordant with the newer, agreed upon inter-
national staging system, except in one infant with 45% bone
marrow tumor.2 We included five infants with bilateral
adrenal primary tumors that otherwise conformed to INSS
4S criteria. Bilateral synchronous tumors have not previ-
ously been included in the definitions, but in INSS stage 4S,
multifocal tumors have been included.2 Other reports have
confirmed the high probability of survival with bilateral
adrenal neuroblastoma.31,32

Surgical staging was possible in 61% of the infants
studied. The smaller infants with large abdominal masses or
extensive liver replacement at diagnosis were not good
candidates for surgical staging and were therefore staged by

needle biopsies and imaging studies. In many of these
infants, it was not possible to obtain adequate specimens for
biologic studies or to remove the primary tumor. This
problem has been previously described in other critically ill
infants with stage IV-S disease and is associated with
decreased EFS.31 It is theoretically possible that the biologic
features of tumors that could not be safely sampled were
actually less favorable than those of the group as a whole.
This is unlikely, however, since infants in the symptomatic
group who did have tumor samples had no genomic ampli-
fication of MYCN and, except in two cases, favorable
histologic characteristics.

Complete gross surgical removal of the primary tumor
was performed in 37 of the 49 infants who underwent an
open surgical procedure. The EFS and survival rates for the
group with gross resection, although higher, were not
significantly different from those of infants with partial
resection or biopsy (Table 4). We did not test the hypothesis
of whether any surgery was necessary, although the fact that
13 infants had neither surgical resection nor any cytotoxic
therapy and are surviving free of disease is further evidence
against the need for complete surgical resection. This result
is similar to results in previous studies, including an Italian
report of a retrospective 15-year follow-up of 73 stage IV-S
infants, in which the EFS rate was 92% with resection
compared with 89% without removal of the primary tu-
mor,32 and the recent Pediatric Oncology Group (POG)
report of 110 stage IV-S (POG stage Ds) infants on two
consecutive protocols in which survival was 90% for those

Fig 1. Survival of 80 infants
with stage IV-S neuroblastoma
who are 0 to 2 months old (n 5

35) versus older than 2 months
(n 5 45) at diagnosis.
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with resection compared with 78% for those without (P 5
.083).18

In stage IV-S disease, theMYCN oncogene is rarely
amplified.33 None of the 58 infants tested in the study
reported here hadMYCNgene amplification. One possible
reason is statistical chance, sinceMYCN amplification is
found in less than 10% of infants with stage IV-S disease. A
second explanation may be that the incidence ofMYCN
amplification is even lower than previously reported in
children with verified stage IV-S neuroblastoma. All infants
in this study were subjected to careful central review of their
staging by three surgeons and two oncologists. As a result,
four infants who were originally registered, including the
only three withMYCN amplification, were reclassified as
having stage IV disease (one bone metastasis and three
primary tumors that invaded across the midline or had
extensive bilateral nodal involvement). A third possibility is
that MYCN is more frequently amplified in symptomatic
patients, in whom one might postulate that it is more
difficult to obtain the sample for testing. The proportion of
children with symptomatology who did not have measure-
ment of MYCN (14 of 38) was higher than the proportion
without symptoms who did not have measurement ofMYCN
(eight of 44). The more recent change in methodology to
fluorescent in situ hybridization for detection ofMYCN
amplification will allow measurement from touch prepara-
tions in future studies. In cases of prenatally diagnosed stage

IV-S disease, 16 of 16 infants tested also had tumors
without MYCN amplification.34 Seventeen other reported
stage IV-S infants have shown a lack ofMYCNamplifica-
tion, and all of them survived.35-38 However, in a recent
series of 110 stage DS infants, nine of 94 tested had
MYCN-amplified tumors, ie, more than three copies, and the
survival of these infants was significantly lower than that for
infants without tumorMYCN gene amplification (P ,
.001).18 In a smaller series of 25 stage DS infants, none of
11 tumors showedMYCN amplification.39 Hyperdiploidy,
also a favorable prognostic factor in infants with stage IV-S
disease,18,37,39 was not assessed in the current study. Al-
though a few infants with stage IV-S neuroblastoma and
MYCNgene amplification have been reported with a good
outcome,38 11 of 13 reported children withMYCN-ampli-
fied tumors and stage IV-S have died.40-42

Favorable Shimada histopathology was present in 96% of
the stage IV-S infants in our study, but those three infants
with unfavorable pathology had a significantly lower sur-
vival rate. The Shimada histopathologic classification also
separately reported one stage IV-S infant whose tumor had
unfavorable histologic characteristics andMYCNamplifica-
tion who died. In the same report, two other stage IV-S
infants with unfavorable histologic characteristics and no
amplification ofMYCNdeveloped progressive disease.43 In
a recent review, 43 of 45 stage IV-S infants had a favorable

Fig 2. Survival for asymp-
tomatic infants requiring no cyto-
toxic therapy (n 5 44) compared
with that of symptomatic infants
receiving therapy (n 5 33).
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Shimada histologic classification. The remaining two had
unfavorable classifications and died.41

Moss et al21 reported that bone marrow immunocytology
can define risk groups in both advanced and localized
neuroblastoma, although not in 11 stage IV-S patients. In
our study, one infant who died had 45,000 tumor cells per
105 nucleated bone marrow cells according to immunocy-
tology. However, by the INSS definition, such a patient
would be classified as stage 4. The presence of neuroblas-
toma cells by immunocytology was a more significant factor
for EFS (P 5 .049) than was light microscopic examination
of bone marrow, which suggests that infants with bone
marrow involvement by the more sensitive detection
method may have a worse outcome. However, neither light
microscopic or immunocytologic detection of tumor in bone
marrow was predictive of overall survival.

Elevated serum ferritin levels were not an indicator of poor
prognosis in stage IV-S infants on this study. This may be
related in part to the high serum levels normally present in the
first few months of life.44,45 This is in contrast with stage III
and IV neuroblastoma, where ferritin levels are frequently
elevated and correlate with poor prognosis.22,30,46

Other biologic factors, including tumor suppressor genes,
expression of nerve growth factor and its high-affinity
receptor, TrkA, and low telomerase activity, have been
associated with tumor maturation and regression and may
account for the behavior of tumors in stage IV-S disease.47

Further investigation of these factors and other genetic
features of stage IV-S tumors are planned as part of an
intergroup CCG-POG study (P9641). Eventually, elucida-
tion of the biochemical and genetic mechanisms that lead to
spontaneous maturation and regression of neuroblastoma
may obviate the need for precise anatomic staging.

Our study substantiates the use of supportive care alone
as the best treatment approach in asymptomatic infants with
stage IV-S disease. Supportive care alone was possible in
57% of the infants in our study, with 100% survival in this
group. This approach was recommended initially by Evans.4

However, in five retrospective studies reported up to 1992,
the number of patients surviving after observation only was
quite low at 17% (26 of 155).3,5,10,14,16By 1998, three more
retrospective studies reported survival rates of 88% to 100%
with no cytotoxic treatment.7,18,48The spontaneous resolu-
tion of metastatic disease in the 44 infants in our study who
did not receive cytotoxic therapy confirms and extends in a
prospective study previous observations made of stage IV-S
neuroblastoma. The intrinsically biologically favorable na-

ture of this disease is further supported by the lack of effect
of primary tumor resection on EFS or survival (Table 4).

Radiation therapy alone in doses of 6 Gy or more has
been used in other studies, compared with the 4.5 Gy used
in our study.5 However, when doses of 6 and up to 30 Gy
were used, multiple late effects, such as rib osteochondro-
mas, chest and pelvic wall hypoplasia, scoliosis, and radi-
ation nephritis or hepatic fibrosis, were seen.4,49,50 More
intensive chemotherapy may obviate the need for radiation,
as was used in a POG study of stage D(S) infants, where
only 6% needed radiation in addition to chemotherapy.18

Once intra-abdominal disease progression caused clini-
cally significant organ dysfunction, low-dose cytotoxic
therapy was used in 43% of our infants. The chemotherapy
and radiation therapy used in our study were not always
effective, since all the deaths occurred in symptomatic
patients, who usually received both therapeutic modalities.
Unfortunately, it is not possible by present staging proce-
dures to determine in advance all infants who will need
therapy.8,15 However, the use of both radiation and chemo-
therapy was required nearly three times as frequently in
infants# 2 months of age, compared with those older than
2 months. Four of the six children who died in our study
were younger than 4 weeks old at diagnosis, and five were
younger than 8 weeks old. Our results showed an EFS rate
of 77% for infants# 2 months of age compared with 93%
for older infants (P 5 .051) but less difference in overall
survival, at 86% and 98%, respectively (P 5 .081). The
survival for symptomatic infants who were# 2 months of
age was lower than that for symptomatic infants older than
2 months of age (78%v 90%), suggesting again that very
young infants who are symptomatic are at the highest risk
for death. The literature has previously suggested that the
majority of infants with stage IV-S neuroblastoma who die
are those who present in the first 2 months of life.11,16,18,51

Such infants with rapidly expanding liver disease may need
earlier and more aggressive chemotherapy to decrease the
risk of abdominal distention causing mechanical respiratory
failure.8,9

In conclusion, our study of 80 infants with stage IV-S
neuroblastoma confirms this as a biologically favorable
group. The asymptomatic patients had 100% survival with
supportive care only, and the symptomatic patients had an
81% survival rate with low-dose cytotoxic therapy. The
survival of the infants younger than 2 to 3 months of age
with symptomatic disease may be improved further by
prompt initiation of more intensive combination therapy.
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APPENDIX
Participating Principal Investigators—Children’s Cancer Group

Institution Investigators Grant No.

Group Operations Center, Arcadia, CA W. Archie Bleyer, MD CA 13539
Anita Khayat, PhD
Harland Sather, PhD
Mark Krailo, PhD
Jonathan Buckley, MBBS, PhD
Daniel Stram, PhD
Richard Sposto, PhD

University of Michigan Medical Center, Ann Arbor, MI Raymond Hutchinson, MD CA 02971
University of California Medical Center, San Francisco, CA Katherine Matthay, MD CA 17829
University of Wisconsin Hospital, Madison, WI Diane Puccetti, MD CA 05436
Children’s Hospital & Medical Center, Seattle, WA J. Russell Geyer, MD CA 10382
Rainbow Babies & Children’s Hospital, Cleveland, OH Eric Kosish, MD CA 20320
Children’s National Medical Center, Washington, DC Gregory Reaman, MD CA 03888
Children’s Hospital of Los Angeles, Los Angeles, CA Paul Gaynon, MD CA 02649
Children’s Hospital of Columbus, Columbus, OH Frederick Ruymann, MD CA 03750
Columbia Presbyterian College of Physicians & Surgeons, New York, NY Michael Weiner, MD CA 03526
Children’s Hospital of Pittsburgh, Pittsburgh, PA A. Kim Ritchey, MD CA 36015
Vanderbilt University School of Medicine, Nashville, TN James Whitlock, MD CA 26270
Doernbecher Memorial Hospital for Children, Portland, OR H. Stacy Nicholson, MD CA 26044
University of Minnesota Health Sciences Center, Minneapolis, MN Joseph Neglia, MD CA 07306
Children’s Hospital of Philadelphia, Philadelphia, PA Beverly Lange, MD CA 11796
Memorial Sloan-Kettering Cancer Center, New York, NY Peter Steinherz, MD CA 42764
James Whitcomb Riley Hospital for Children, Indianapolis, IN Philip Breitfeld, MD CA 13809
University of Utah Medical Center, Salt Lake City, UT William Carroll, MD CA 10198
University of British Columbia, Vancouver, Canada Paul Rogers, MD CA 29013
Children’s Hospital Medical Center, Cincinnati, OH Robert Wells, MD CA 26126
Harbor/University of California Los Angeles & Miller Children’s Medical Center, Torrance/Long Beach, CA Jerry Finklestein, MD CA 14560
University of California Medical Center (University of California Los Angeles), Los Angeles, CA Stephen Feig, MD CA 27678
University of Iowa Hospitals and Clinics, Iowa City, IA Raymond Tannous, MD CA 29314
Childrens Hospital of Denver, Denver, CO Lorrie Odom, MD CA 28851
Mayo Clinic and Foundation, Rochester, MN Carola Arndt, MD CA 28882
Izaak Walton Killam Hospital for Children, Halifax, Canada Dorothy Barnard, MD —
University of North Carolina, Chapel Hill, NC Stuart Gold, MD —
University of Medicine & Dentistry of New Jersey, Camden, NJ Richard Drachtman, MD —
Children’s Mercy Hospital, Kansas City, MO Maxine Hetherington, MD —
University of Nebraska Medical Center, Omaha, NE Peter Coccia, MD —
Wyler Children’s Hospital, Chicago, IL James Nachman, MD —
M.D. Anderson Cancer Center, Houston, TX Beverly Raney, MD —
Princess Margaret Hospital, Perth, Western Australia David Baker, MD —
New York University Medical Center, New York, NY Aaron Rausen, MD —
Childrens Hospital of Orange County, Orange, CA Violet Shen, MD —
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