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Purpose: To determine prospectively whether sur-
gery alone is sufficient therapy for Evans stages | and Il
neuroblastoma and to define biologic and clinical fea-
tures having prognostic potential for this group.

Patients and Methods: Between June 1989 and Au-
gust 1995, 374 eligible children (age range, O to 18
years) with newly diagnosed stage | (n = 141) and
stage Il (n = 233) neuroblastoma were registered onto
Children’s Cancer Group trial 3881. Surgical resection
was the only primary therapy except in cases with
spinal cord compression, where radiation therapy was
allowed. Event-free survival (EFS) and overall survival
(OS) were analyzed by life-table methods according to
clinical and biologic features.

Results: EFS and OS (mean =+ SE) for all stage |
patients were 93% + 3.0% and 99% =+ 1.0%, respec-
tively, compared with 81% =+ 4.0% and 98% + 2.0%,
respectively, for stage Il patients. The significantly
higher recurrence rate among stage Il patients was

managed successfully in 38 of 43 children with either
surgery or multimodality treatment. There was one
death among stage | patients and six among stage |II.
For stage Il patients tumor MYCN gene amplication,
unfavorable histopathology, an age greater than 2
years, and positive lymph nodes predicted a lower OS
(P < .05).

Conclusion: Children with stages | and Il neuroblas-
toma have 98% survival with surgery alone as primary
therapy. Supplemental treatment was necessary in
only 10% of stage | patients and 20% of stage Il
patients. In children with localized neuroblastoma, a
subset of patients that are at higher risk for death can
be defined as those with stage Il disease who have
tumor MYCN amplification or who are = 2 years of age
with either unfavorable histopathology or positive
lymph nodes.

J Clin Oncol 18:18-26. © 2000 by American
Society of Clinical Oncology.

EUROBLASTOMA IS the most common extracranial with a poor outcome in neuroblastoma. These include tumor
solid tumor of childhood. Approximately 25% of MYCN amplification?'° elevated serum ferritin= 143
children with newly diagnosed neuroblastoma present witthg/mL);** unfavorable histopathology, elevated serum
nonmetastatic and localized disedgePatients with local-  heuron specific enolasé,age greater than 1 year, distant

ized disease (Evans stages | and Il) have excellent survivaikeletal metastasis, and bone marrow involvement detected

rates and require less treatment than those with advance® either conventionat or immunocytologic® techniques.
stage diseast’ However, a small percentage of these 1hese risk factors have been examined primarily in the
patients subsequently relapse and die of their diseas@dvanced stages of neuroblastoma. The utility of these

Several clinical and biologic features have been associateffctors for predicting outcome in localized neuroblastoma is
less clear. Studies oMYCN amplification have yielded

conflicting results. Although most studies have demon-

strated thatMYCNamplified tumors correlate with poor
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PATIENTS AND METHODS

Patient Population

All children with stages | and Il neuroblastoma were registered onto
Children’s Cancer Group (CCG) study 3881 from June 1989 to August
1995. Eligibility criteria for CCG-3881 included all newly diagnosed
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stage | and stage Il neuroblastoma in children O to 18 years of ageing chemotherapy, as well as surgery to the residual disease and local
except for those stage Il patients older than 1 year of age with tumoradiation for gross residual disease after delayed surdePatients
MYCNamplification. A single patient in this group was transferred to with progressive disease were off protocol therapy. Stage Il patients
the CCG-3891 high-risk protocol and is excluded from survival older than 1 year of age with tumdvlYCN amplification, which
analyses. Signed informed consent with appropriate local institutionalncluded only one patient from this study, were excluded from
human research board approval was obtained for all patients on thieCG-3881 and registered onto CCG-3891. In this protocol, the same
study. four chemotherapeutic agents from the CCG-3881 trial (described
above) are used in a more dose-intensive induction, with subsequent
randomization between high-dose consolidation therapy and myeloab-

Ferritin was measured by radioimmunoassay at the treating institulative therapy with autologous purged bone marrow transplant&tion.
tional laboratory and reported as unfavorable if greater than or equal
t0143 ng/mL and favorable if less than 143 ng/MIMYCNgene copy  Statistical Analysis
was considered amplified if there were more than 10 copies and was
measured until 1993 by Southern analysis of gene copy ndfhied, Life-table methods were used to estimate the event-free survival
after 1993, byMYCNprotein expression by semiquantitative polymer- (EFS) and overall survival (OS) from time of diagno$isThe exact
ase chain reaction and immunoperoxidase stain in the CCG referenaest from the permutation distribution of the log-rank statistic was used
laboratory'® Central pathology review was performed by Dr. Shi- to compare the OS probabilities between subgroups of pafiéfist
mada'”* The MYCN and the Shimada histopathologic classification all analyses of EFS and OS, the single patient with stage Il disease,
were accepted for analysis only when performed by the central CCGvyCNamplification, and age older than 1 year, who was transferred to
reference laboratory. CCG-3891, was excluded. Additionally, one death occurred unrelated
to treatment or to disease process. This patient was censored 1 day
before death.

Diagnostic evaluation included surgical staging and standard labo-
ratory and imaging studies (skeletal survey or bone scan, ultrasound, RESULTS
computed tomography or magnetic resonance imaging, and urine
_catecholamlnes), as We_l_l as bilateral bone marrow aspirate, biopsy, anﬁatient Characteristics
immunocytology (sensitivity, one tumor cell per®108ucleated bone

marrow cells)t® Metaiodobenzylguanidine scan was obtained, if avail- Clinical and biologic characteristics are listed in Table 1.

able, but not mandated because the majority of institutions did not hav: . . .
this modality when the protocol opened. Both Evdnand INSS° A total of 374 patients with localized neuroblastoma,

staging were confirmed centrally by reviewing all pathology and including stage I (= 141) and stage Il (= 233), were
surgical reports. Central review was performed by three experiencedegistered onto this study. There was a single stage Il patient
surgeons and two oncologists, including review of data forms andiransferred to CCG-3891(1 year of age with tumavYCN
operative, radiology, and pathology reports. Lymph nodes were con,

sidered positive by pathologic assessment whether or not they wergmp“flcatlon)' All Evans stage | patients were also Inter-

attached to the primary tumor; however, for INSS staging, only National Staging System for Neuroblastoma (INSS) stage 1;
nonadherent lymph nodes were used in the designation of INSS stagé02 stage Il patients were INSS stage 1, 27 were INSS stage
2b. Treatment was assigned according to Evans stage because IN3g, and 104 were INSS stage 2b. The median age at
staging was not yet in use when the study opened. diagnosis was 10 months, with a range of 0 to 205 months.
Treatment Forty-one percent of all patients had an abdominal primary

All patients with stage | disease were treated initially with surgery Slte_’ and mtr?Spmal tl_Jmor extension OCCl_Jrred in 65 stage |l
alone. Recurrence of localized disease was treated surgically if th@atients (28%) and in one stage | patient. Lymph node
recurrent tumor could be fully resected. Otherwise, recurrent local oinvolvement was seen in 51% of stage Il tumors (including
regional disease was treated with combination chemotherapy, witthdherent as well as nonadherent nodes).

cisplatin, cyclophosphamide, doxorubicin, and etoposide, as defined for Bi : ot :
iologic characteristics with purportedly unfavorable
patients on the CCG-3881 protoc&IPersistent disease was managed 9 purp y

with delayed surgery and, if necessary, local radiation. The manageprOgnOStIC |mp_||cat|ons_ Wer_e rar_e in this group of.patlents.

ment of patients progressing with metastatic disease was left to théverall compliance with biologic factor evaluation was

discretion of the responsible physician. 92% for histopathology, 83% foMYCN gene-copy mea-
All stage Il patients without tumadvlY CNamplification were treated surement, and 60% for bone marrow immunocytology.

initially with surgery alone unless there were signs of spinal cord -,
compression, in which case osteoplastic laminotomy or radiation Waglevawd serum ferritin levels=(143 ng/mL) were detected

recommended. Recurrence of localized disease in a patient with a stad@ 17% of patients testedlY CNoncogene was amplified in

Il tumor was also managed surgically, if possible. Unresectable diseasenly seven (2%) of 309 tumors. Shimada histopathology

or regional progression was treated with combined-modality therapy, a§yas unfavorable in 14% of the tumors evaluated. Bone

described above. Patients who developed metastatic disease went ontf]arrow immunocytology showed tumor in only eight (4%)

protocol therapy. _ qy yeig 0
Stage Il patients less than 1 year of age with tumevcn  Of 213 patients tested, all of whom had negative bone

amplification were managed with combined-modality therapy, includ-marrow aspirate and biopsy by standard light microscopy.

Biologic Features

Staging
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Table 1. Patient Characteristics and 1B). Univariate analysis of risk factors for stage Il
No. of Patients disease demonstrated that female sex and intraspinal tumor
Characteristic Stage | (n = 141) Stage Il n = 233) extension were significantly associated with a decrease in
Age EFS @ < .05) but not survival. Unfavorable histology was
< 2 years 16 180 associated with a decrease both in EFS and @S (.05).
= 2 years 25 53 Age = 2 years was predictive of lower OS, but agel year
Median, months ? 1 was not a significant factorMYCN amplification was
Sei“"ge’ months 205 0-178 associated with a significant decrease in OS (Table 2);
Male 83 106 lymph nodes were of borderline significance. After stratifi-
Female 58 127 cation by age 2 years, unfavorable histoloBy= .0005) and
INSS stage 0178 positive lymph nodesR = .0024) remained significant prog-
‘2 M(‘) “2’3 nostic factors for OS only in those patierts2 years of age.
a
2 0 104 Local Control and Recurrences
Intraspinal extension 1 65
Primary site Complete tumor resection was the therapeutic goal for
Neck 6 7 localized disease. Gross, total tumor resection (complete
Chest 50 118
Thoraco-abdomina 1 6
Adrenal 54 43
Celiac 1 2 A
Other abdomina 18 35 1+
Pelvis 8 4 TRRULTE AT WS TR T T T TR e W TR T
Other 3 8 o Stage |
Lymph nodes involved* = Stage ll
Yes 0 114 2
No 140 109 £ o051
Unknown 1 10 2
Ferritin = 1431 19/24 30/195 g0l
MYCN amplifiedt 4/108 3/201 S
Shimada unfavorablet 16/128 32/216 @
BMI positivetF 1/73 7/140 027 p=0.002
Abbreviation: BMI, bone marrow immunocytology.
* Includes any positive nodes, whether or not adherent to tumor. 0 !
T Number of patients/total number of patients with measurement. 0 ! z 8 4Years5 e 7 s s
¥ BMI = tumor cells per 10° nucleated bone marrow cells.
EFS, OS, and Prognostic Variables B
The EFS for all stage | patients at 4 years was 98%90, N
with a median follow-up of 45 months (range, 0 to 88
months) (Fig 1A). Univariate analysis of risk factors for Stage |l
stage | disease demonstrated the&tCN amplification was 1
the only factor associated with a decrease in EPS<( E
.001). The 4-year OS for stage | patients was 99%4% g 06y
(Fig 1B). Because there was only one death in this group, a=:
9-year-old patient whose tumor had unfavorable Shimadag ©4+
classification, one cannot be certain of the importance of®
prognostic factors in OS. 02+ p=0.28
The EFS (meant: SE) for all stage Il patients at 4 years
was 81%=* 4%, and the OS was 98% 1.5%, with a 04 ; ‘ ; ;
median follow-up of 41 months (range, 0 to 92 months). L VU A

Years
Although EFS was significantly lower for stage Il patients
9 9 y Y P Fig 1. (A) EFS of children with stage | (n = 141) and stage Il (n = 232)

than stage | (81% 93%, respectivelyf = .002), there was neuroblastoma (P = .002). (B) OS of children with stage | (n = 141) and
no difference in the OS (99%98%, respectively) (Figs 1A stage Il (n = 232) neuroblastoma (P = .28).
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Table 2. Univariate Analysis of Risk Factors and OS for Stage Il Patients

4-Year OS
A B
Risk Factor AvB % SE % SE P
Age <2yrv=2yr 99 0.8 90 7.3 .0007
<lyrv=1lyr 99 1.3 96 2.9 NS
Sex Female v male 98 1.7 97 2.6 NS
Gross resection Yes v no 97 1.6 100 0 NS
Intraspinal extension Present v absent 97 3.3 98 98 NS
Primary site Nonabdominal v abdominal 98 2.0 97 2.5 NS
Lymph nodes Negative v positive 100 0 95 3.0 .054
MYCN gene NA v A 98 1.6 50 35.4 .029
Histopathology FvU 99 0.8 87 8.4 .0015
BMI Negative v positive 926 2.5 100 0 NS
Ferritin, ng/mL <143 v=143 97 1.1 100 0 NS

Abbreviations: SE, standard error; NA, not amplified; A, amplified; F, favorable; U, unfavorable; BMI, bone marrow immunocytology (sensitivity, one tumor cell
per 10° nucleated cells); NS, not significant.

resection with negative surgical margins or microscopicstage |l patients without intraspinal involvement, although
residual disease) was achieved in all stage | tumors andjltimate survival did not significantly differ.

ultimately, in 90% of stage Il tumors (Table 3). Only 23

patients had incomplete resection with residual gross disProgression and Death in Stage | Patients

ease. Extent of resection (complete gross resegtiooom- A total of 10 patients with stage | tumors developed
plete or partial resection) had no effect on EFS or ®S(  progressive disease, including two patients with primary
.05). All stage Il patients with incomplete resectionr23)  anq distant relapse, four with metastatic disease only, and
are alive, with follow-up ranging from 9 to 78 months. foyr with primary or regional only (Table 3). Six patients
There have been seven recurrences in this group, five witheyeloped metastatic disease (three with bone metastasis,
primary or regional relapse only, one with bone metastasisioynd at 2, 6, and 25 months: one with skin metastasis
and one with local relapse and liver metastasis. All relapseﬁa\,ing an adrenal primary; one with abdominal metastasis
were managed effectively using surgery alone or withpaying a chest primary; and one with distant lymph node
multimodality therapy. Intraspinal extension occurred in 66metastasis). All but one patient survived. Of the remaining
tumors, with neurologic symptoms in 20 patients. Of thefoyr patients with relapse involving the primary site, one
symptomatic patients, 18 were treated only with surgeryyas treated with a combination of surgery and chemother-
initially, two received chemotherapy, and none receivedapy, one with surgery alone, one with combined chemother-
radiation. Subsequent to diagnosis, five other patients r€apy and radiation, and the fourth patient with chemotherapy
ceived chemotherapy for persistent or progressive diseasggne. A single death occurred in a child 9 years of age at
However, six of the 46 asymptomatic patients were treateqhe time of diagnosis. The patient developed progressive

with chemotherapy alone and two with radiation and che-gisease and died of infectious complications. Patient char-
motherapy. Out of 66 patients with intraspinal involvement, gcteristics for all deaths are listed in Table 4.

there were 20 recurrences compared with only 23 out of 167
Progression and Death in Stage Il Patients

A total of 43 patients with stage Il tumors developed
progressive disease, including 12 patients with primary and
distant relapse, eight with distant only, and 23 with primary

Table 3. Local Control

No. of Patients

Si I(n =140 S Il (n =233 . .

: — ogelln = 1400 Sgeln =233 regional only (Table 3). Twenty patients developed
Gross total resection a diagnosis 140 194 metastatic disease (eight of whom had bone metastasis). Of
Overall gross total resection* 140 210 the 23 patients wh | . ived onlv th . it
Total number of recurrences 10 43 e 23 patients whose relapse involved only the primary site,
Primary and distant 2 12 15 patients underwent a second operation (four with addi-
Distant only 4 8 tional chemotherapy, one with chemotherapy and intraop-
Primary or regional only 4 23 erative radiation), seven were treated with chemotherapy

* One patient missing data. alone, and a single patient was treated with both chemo-
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Table 4. Deaths

Age at Dx Evans Positive INSS Best Resection Primary Shimada
(months) Sex  Stage  Lymph Nodes  Stage Status Site Histology MYCN Progression Site after DX Cause of Death
112 M | No 1 CR Adrenal  Unfavorable  Nonamplified  Bone/bone marrow Infection

9 M Il Yes 2b MR Adrenal Favorable  Amplified Liver PD
38 M Il Yes 2b CR Chest Unfavorable  Nonamplified ~ Bone/bone marrow PD
44 F Il Yes 2b MR Chest  Unfavorable Nonamplified Bone/bone marrow PD
31 F Il Yes 2b CR Adrenal  Unfavorable  Nonamplified ~ Adrenal/bone/bone marrow PD
28 F Il Yes 2b CR Adrenal  Unfavorable Nonamplified ~ Adrenal/bone/bone marrow PD
37* M Il Yes 2b CR Adrenal  Unfavorable  Amplified Adrenal/bone/bone marrow PD

Abbreviations: Dx, diagnosis; PD, progressive disease; CR, comp|ere resection; MR, microscopic residual; M, male; F, female.
* This patient was treated on CCG-3891 and, therefore, not included in EFS and OS analyses.

therapy and radiation. The time course to distant metastasBetails of the clinical course and outcome are listed in Table
was relatively short, at a median of 4.5 months from5. Three of the seven patients had favorable Shimada
diagnosis (range, 1.4 to 38.5 months). There were a total oflassification, one of whom died. Four of the patients
six deaths, with all attributable to progressive disease (Tableelapsed, and three died. Only one patient with stage |
4). There was one additional death that was unrelated to thgisease was successfully treated with surgery alone. The
disease process or treatment. This patient was censoredsingle death among thelYCNamplified stage | patients
day before death so that the death is not included in oufyas reported after initial submission of this manuscript and,

analysis of EFS and OS. Five of six deaths occurred inherefore, was not included in the analyses of survival or in
children older than 2 years of age. These five deaths wergp|e 4.

also associated with unfavorable histopathology, and one

patient, treated on the CCG-3891 protocol, had tumor DISCUSSION

MY CNamplification. All six patients who died with stage Il

tumors had lymph node involvement (INSS stage 2b). One The purpose of the study was to determine prospectively

death occurred in a 9-month-old infant wiklYCNampli- ~ Whether surgery alone is sufficient therapy for localized

fication. neuroblastoma, with chemotherapy and radiation reserved
for progression or recurrence of disease. A secondary

MYCN-Amplified Tumors purpose was to determine the prognostic potential of bio-

Seven patients had tumdMYCN amplification ¢ 10  logic and clinical variables of localized neuroblastoma. Of
copies), including three with stage Il and four with stage 1. 141 stage | patients, there were only 10 relapses, which

Table 5.  MYCN-Amplified Tumors

Relapse
Age at Diagnosis Evans INSS Shimada Time from Diagnosis
(months) Sex  Stage  Stage  Primary Site Histology (months) Site Comments
9 M Il 2b Adrendl Favorable 2 Liver Died of PD 10 months after relapse;
chemotherapy CCG-3881
5 M Il 2b Adrencl Unfavorable None - Alive 80 months affer Dx, chemotherapy CCG-
3881, NED
37* M 1 2b Adrenal Unfavorable 22 Bone marrow  Died of PD 8 months after relapse; CCG-3891
7 M | 1 Adrencl Favorable 6 Adrenal Alive 17 months after three relapses, NED
after CCG-3891, radiation, 13-cis-retinoic
acid, desferal
10t F | 1 Adrencl Unfavorable None - Alive 67 months affer Dx, chemotherapy CCG-
3881, NED
4% M | 1 Adrenal Unfavorable 2 Bone; CNS Died of PD after ABMT, 25 months post-
relapse
5 days F | 1 Pelvis Favorable None - Alive 72 months after Dx, surgery only, NED

Abbreviations: PD, progressive disease; M, male; F, female; NED, no evidence of disease; Dx, dicgnosis; ABMT, aufologous bone marrow trqnsp|c1nL
* This patient was treated on CCG-3891 and, therefore, not included in EFS and OS analyses.

t Initially staged as Evans II. Patient received chemotherapy in addition to surgery.

% Died after analysis cutoff; therefore, not included in survival analyses or Table 4.
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were managed either with surgery alone or with surgerypatients having positive, nonadherent lymph nodes (INSS
with chemotherapy and/or radiation therapy. This approactstage 2b). This was also associated with other unfavorable
resulted in only one death, for a 4-year EFS and OS of 93%actors. Two of the patients had tumidly CNamplification,

and 99%, respectively. This result, for stage | disease (aland five had unfavorable histopathology; five of the six
INSS stage 1) again proves that surgery is sufficient therappatients were older than 2 years of age (Table 4). Our
for almost all children with INSS stage 1, as previously findings suggest that lymph node metastasis in patients with
shown for similar patients in other large studiés:>*For  other unfavorable clinical or biologic features may be a
233 stage Il patients, 43 had relapses, for a significantlysignificant prognostic factor, and these children may ulti-
lower EFS of 81%. However, OS was not significantly mately require additional therapy. However, the rarity of
different at 98%, showing that a primary salvage treatmenevents overall does not yet warrant adjuvant therapy for all
of surgery alone can be effective for patients with recurrentsuch patients.

disease. In all, only 13% of children with stage Il disease Age has long been known to be an independent prognos-
received chemotherapy or radiotherapy, despite the fact thaic variable?® Usually, patients less than 1 year of age have
104 patients had INSS stage 2b. Previous large cooperative more favorable outcome. However, in our study, survival
studies used primary chemotherapy to treat patients wittwas adversely affected for both stages | and Il patients 2
positive lymph nodes or residual disease after surg&f§. years of age or older but not for those 1 year of age or older.
It is possible that some of the early distant relapses weré\ similar trend was seen for high-risk neuroblastoma in a
actually stage IV patients who were understaged at diagnoprevious study, where children between the ages of 1 and 2
sis because metaiodobenzylguanidine scan was not avaiears had a more favorable outcome than those older than 2
able at most institutions. This would result in even feweryears at diagnosi&. Further analysis of the stage |l patients
progressions among the “true” stage | and Il patients. Thusgemonstrated that those patients 2 years of age or older who
we have shown that primary surgery as the sole therapeutielapsed, died more quickly of their diseaBe<{ .003). The
modality is sufficient therapy for approximately 90% of single death in stage | patients was a child 9 years of age
stage | patients and 82% of stage Il patients, with excellentvith unfavorable histology. Five of the six deaths in stage Il
survival rates. patients occurred in children older than 2 years of age with

There was no difference in EFS and OS between stage linfavorable histology.
patients achieving gross, total primary tumor resection The site of the primary tumor (abdominahonabdomi-
(complete resection or microscopic residual) and those witnal), sex, and intraspinal tumor extension were evaluated for
incomplete or partial resection. This is consistent with otherprognostic significance. Previous studies have demonstrated
reports from previous CCG studfesnd more recent reports the adverse prognostic significance of abdominal prima-
from single institutions:?® The favorable outcome in most ries**2 and favorable outcome in tumors with intraspinal
of these patients, despite some having gross residual digxtensiort>** In our study, abdominal primary was not
ease, is consistent with the spontaneous regression @ssociated with worse EFS or OS. On the other hand,
maturation of some forms of neuroblastoma. With thisintraspinal tumor extension had an adverse effect on EFS,
information, complex surgical procedures in low-stage dis-although it did not influence survival. Sex seemed to have
ease to achieve complete resection should be avoided. Than impact on EFS, with stage Il males having improved
study provides strong evidence that the majority of stage butcome. This has not been consistently reported and is of
and |l patients can be managed with surgery alone a®o prognostic significance in other studi@sThere was no
primary therapy, even if complete gross resection is notsex advantage offered for stage | patients, and OS was not
feasible. significantly affected for either group by sex. Therefore, itis
possible that this isolated effect on EFS is a result of random
chance without true prognostic significance.

Lymph node status as a prognostic factor in low-stage MYCNamplified tumors have been linked to more ag-
neuroblastoma has been an area of controversy. The progressive behavior and rapid tumor progression, especially in
nostic value of involved lymph nodes is unclear; someadvanced-stage neuroblastofii&. The prognostic signifi-
studies show an adverse impact on outcfit€;*®whereas  cance in low-stage neuroblastoma is unclear. Fabbretti et
others find that positive nodes do not influence outcbme. al*® reported two low-stage children witidY CN-amplified
6,23 This study shows a small difference in survival for tumors and favorable Shimada histopathology, who were
patients with stage Il disease and positive nodes, which waseated with surgery alone, alive and disease-free after 16
only significant in patients greater than or equal to 2 yearsand 17 months follow-up. Cohn et*alreported similar
old at diagnosis. All six of the stage Il deaths occurred inresults in two patients with low-stage diseasdYCN

Prognostic Variables
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amplification, and favorable histology. These patients re- Serum ferritin has been of prognostic significance in
mained disease-free at 22and 16+ months, with no  higher stage neuroblastorhaAdditionally, positive bone
postoperative therapy. In contrast, patients WilYCN  marrow immunocytology ¥ six tumor cells per 100,000
amplification and unfavorable histology progressed. It isnormal cells) was associated with poor outcome for stage Il
difficult to draw definitive conclusions concerning the and Ill, but not stage |, disead@There were only one stage
prognostic significance oMYCN amplification for low- | and seven stage Il patients with positive bone marrow
stage tumor because of its rarffy”?>*n our study, only  immunocytology. Marrow disease remained quiescent in all
2% of stage | and Il tumors exhibiteMlYCN amplifica-  patients with no evidence of progressive disease. In this
tion with greater than 10 copies (four stage | and threegy,qy, neither elevated serum ferritin nor positive bone
stage Il patients), with available data in 83% of tumors. All 510w immunocytology were of prognostic significance.
four stage I patients in our study wittYCNamplification  oiher piologic tumor characteristics currently under inves-
were alive at the cutoff date for analysis, including two yoation may predict more precisely the ability of these
patients with favorable and two with unfavorable histology. oy stage tumors to metastasize, such as genetic aberrations

although one subsequently died of disease. Of the thre‘?ecently reported to have prognostic value, including abnor-

stage I patients wittMYCN amplification, two died of malities at chromosomes 1P, 11q, 14q, and 17q or increased

progressive disease and one, with unfavorable histologyéxpression of telomeraga

was alive and disease-free 80 months after diagnosis (Table . .
. In conclusion, we have shown that those with stages | and
5). However, only one of all these patients could be treate . .
| neuroblastoma are a biologically favorable group of

with only surgery.MYCN amplification seems to be pre- . . ) . -

dictive of decreased survival only for stage Il patients.pat'ents with excellent prognosis. Surgery alone is sufficient

However, given the small numbers, we cannot be Certamnltlal therapy for almost all patients, regardless of other
clinical or biologic factors, with OS of 99% for stage | and

about the importance of this finding. Additionally, no - - oHedE
definitive conclusions can be made with respect to histo98% for stage Il patients. The rarity of deaths in this study

logic differentiation and tumor progression MYCN gives extremely limited power to look at combinations of
amplified tumors. risk factors for OS in multivariate analysi8$4YCN was

Unfavorable Shimada histopathology is another inde-2ssociated with decreased EFS for stage I, but because only
pendent factor associated with poor prognddisn our & single death occurred, no factor could be associated with
Study’ unfavorable histopathok)gy was of prognostic Signif-'OWEr survival. There were Statistica”y Significant decreases
icance for EFS and for OS in stage Il tumors. The singleseen in OS for stage Il patients 2 years of age or older with
death in the stage | patient and all five deaths in childrerunfavorable histology and1YCN amplification; positive
with stage Il tumors who were older than 2 years of agenodes were of borderline significance. However, in view of
occurred in tumors having unfavorable histology, suggestthe excellent salvage in most patients, multimodal therapy
ing that unfavorable histology contributes to an unfavorableshould be reserved for those who develop progressive

outcome. disease.
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