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A B S T R A C T

Purpose
Treatment of patients with localized neuroblastoma with unfavorable biologic features is contro-

versial. To evaluate the outcome of children with low-stage MYCN-amplified neuroblastoma and
develop a rational treatment strategy, data from the International Neuroblastoma Risk Group
(INRG) database were analyzed.

Patients and Methods

The database is comprised of 8,800 patients. Of these, 2,660 patients (30%) had low-stage
(International Neuroblastoma Staging System stages 1 and 2) neuroblastoma, known MYCN status,
and available follow-up data. Eighty-seven of these patients (3%) had MYCN amplified tumors.

Results

Patients with MYCN-amplified, low-stage tumors had less favorable event-free survival (EFS)
and overall survival (OS) than did patients with nonamplified tumors (53% # 8% and 72% = 7%
v90% *= 1% and 98% = 1%, respectively). EFS and OS were statistically significantly higher for
patients whose tumors were hyperdiploid rather than diploid (EFS, 82% =+ 20% v37% * 21%; P =
.0069; OS, 94% *= 11% v b54% =+ 15%; P = .0056, respectively). No other variable had prognostic
significance. Initial treatment consisted of surgery alone for 29 (33%) of 87 patients. Details of additional
therapy were unknown for 14 patients. Twenty-two patients (25%) underwent surgery and moderate-
intensity chemotherapy; another 22 underwent surgery, intensive chemotherapy, and radiation therapy.
Nine of the latter 22 underwent stem cell transplantation. Survival in patients who received transplantation
did not differ from survival in those who did not receive transplantation.

Conclusion

Among patients with low-stage, MYCN-amplified neuroblastoma, outcomes of patients with
hyperdiploid tumors were statistically, significantly better than those with diploid tumors. The data
suggest that tumor cell ploidy could potentially be used to identify candidates for reductions in
therapy. Further study of MYCN-amplified, low-stage neuroblastoma is warranted.

J Clin Oncol 27:365-370. © 2008 by American Society of Clinical Oncology

cessfully treated with surgery alone.” Local recur-
rences can typically be managed with surgery and/or

Outcomes for the vast majority of patients with
low-stage (International Neuroblastoma Staging
System [INSS] stages 1 and 2) neuroblastoma are
excellent. Of the 900 patients for whom follow-up
data were available from the recently completed
Children’s Oncology Group study P9641, 811 had
stage 1 or stage 2 disease, and 3-year event free sur-
vival (EFS) and overall survival (OS) rates were
85.2% * 1.7% and 97.4% = 0.8%, respectively.'
Previously published reports also indicate that most
patients with low-stage neuroblastoma can be suc-

radiation therapy. Metastatic recurrences are rare
and often treated successfully with chemotherapy.
However, some patients still fare poorly despite
low disease stage at diagnosis, and treatment of pa-
tients with localized tumors with unfavorable bio-
logic features, particularly MYCN amplification,
remains controversial. Numbers of patients with
stage 1 or 2 MYCN-amplified neuroblastoma en-
rolled on previous cooperative group treatment
studies have been small,*” thus it has been difficult
to develop an evidence-based therapeutic strategy
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for this group. To establish the basis for a rational therapeutic ap-
proach to low-stage neuroblastoma with unfavorable biologic fea-
tures, information regarding outcomes for these patients was obtained
from the International Neuroblastoma Risk Group (INRG) database.
The INRG is a collaborative effort among groups from Europe, North
America, Australia, New Zealand, and Japan. The database contains
information regarding more than 8,000 children with neuroblastoma.
This resource was used to analyze age, stage, histologic category,
MYCN status, tumor cell ploidy (defined as DNA index = 1.0 v > 1.0),
chromosome 1p and 11q aberration, serum lactate dehydrogenase
(LDH) level, initial treatment, and outcome of patients with INSS
stage 1 and 2 neuroblastoma.

INRG Database

A total of 8,800 unique patients form the database.'® Patients younger
than 21 years of age with pathologically confirmed neuroblastoma diagnosed
between January 1, 1990, and December 31, 2002, are included. Patients were
enrolled on neuroblastoma studies in Germany, Japan, Italy, Spain, or the
United Kingdom, or were enrolled on a Children’s Oncology Group study or
the International Society of Pediatric Oncology Europe Neuroblastoma
Group LNESGI study. Members of INRG are listed in Appendix Table Al
(online only). In addition to date of diagnosis and follow-up data, information
on 35 potential risk factors are included in the database. Of the 8,800 patients,
2,978 had low-stage (INSS stage 1 and 2) neuroblastoma and follow-up data.
From these 2,978, the analytic cohort for this report is comprised of the subset
of 2,660 patients with known MYCN status (30% of patients in the database).

Analysis of MYCN Status, Ploidy, and Histology
MYCN amplification was determined according to standard methods
and definitions used by each cooperative group at the time of enrollment onto

a trial. All cooperative groups have used fluorescence in situ hybridization
(FISH) to evaluate MYCN status during the past decade. However, in the early
1990s, assays included Southern blot and polymerase chain reaction (PCR), as
well as immunohistochemistry with semiquantitative PCR."'"'* DNA index
was determined by flow cytometry and was reported as = 1.0 versus > 1.0. It
was not possible to distinguish tetraploid tumors from other hyperdiploid
tumors based on information in the database. Aberrations in chromosomes 1p
and 11q status were detected by FISH or PCR. Histology was classified as
favorable or unfavorable according to criteria described by Shimada et al."®

Statistical Methods

Events for the EFS analysis were defined as relapse, progressive disease,
secondary malignancy, or death from any cause. Time to event was calculated
as time from enrollment to first event, or to time of last patient contact if no
event occurred. Time to event for OS analysis was time from enrollment until
death, or time of last contact if the patient was alive. The methods of Kaplan-
Meier were used to generate survival curves; curves were compared using a
log-rank test.'® The sample size of 87 patients provides 80% power (at a .05
significance level) to detect a 26% difference (30% v 56%) or a 22% differ-
ence (70% v 92%) in 5-year EFS or OS. EFS and OS are quoted at the 5-year
time point as the survival estimate with or without SE, with SEs calculated
per the methods of Peto.'” P values lower than .05 were considered statis-
tically significant.

Patient Characteristics

Data regarding 2,660 patients with low stage neuroblastoma and
known MYCN status were analyzed. Amplification was detected in
tumors from 87 patients (3%). The median age in this cohort was 401
days (range, 0 days to 16.7 years). Only one patient was older than 12
years of age. Additional patient characteristics are presented in Table 1.

Table 1. Characteristics of Patients With INSS Stage 1 or 2 Neuroblastoma and MYCN Ampilification (N = 87)
Total 5-Year EFS 5-Year OS
Characteristic No. % % SE P % SE P

Overall patients 87 53) 8 72 7

INSS stage
1 48 55 50 12 .2760 76 9 .3568
2a/2b 39 45 57 12 67 1M

Histology
Favorable 32 56 58 15 .2029 86 9 .1065
Unfavorable 25 44 40 18 62 19
Unknown 30

Ploidy
Hyperdiploid 17 44 82 20 .0069 94 1M .0056
Diploid 22 56 37 21 54 15
Unknown 48

1p
No loss or aberration " 44 73 27 4177 73 27 4197
LOH or aberration 14 56 56 17 85 12
Unknown 62

LDH, U/L
< 580 32 51 63 12 .3522 83 9 .0883
= 580 31 49 48 14 62 14
Unknown 24

Age, days
< 547 54 62 58 10 4320 77 8 1798
= 547 33 38 45 14 63 14

Abbreviations: INSS, International Neuroblastoma Staging System; EFS, event-free survival; OS, overall survival; LOH, loss of heterozygosity; LDH,

lactate dehydrogenase.

366 © 2008 by American Society of Clinical Oncology
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Fifty-five percent of the children had INSS stage 1 disease; 45% had
INSS stage 2 disease. Information regarding histology was available for
47 patients. Histology was classified as favorable in tumors from 56%
of these patients and unfavorable in 44%. Data regarding tumor cell
ploidy were available for 39 patients. Tumors from 17 (44%) were
hyperdiploid while tumors from 22 (56%) were diploid. Lactate dehy-
drogenase (LDH) level at diagnosis was = 580 U/L in 49% of the 63
patients for whom LDH values were known. Data regarding 1p or 11q
aberrations were available for only 25 and 15 patients, respectively.

Treatment Delivered

Initial treatment consisted of tumor excision alone for 29 (40%)
of 87 patients with low-stage, MYCN-amplified neuroblastoma (Table
2). Most of these patients (25 of 29) had stage 1 disease. Twenty-two
patients (30%) underwent surgery and subsequently received moder-
ate intensity chemotherapy (two to eight cycles), while another 22
patients (30%) were treated with intensive chemotherapy plus radia-
tion therapy. Among patients treated with moderate intensity chem-
otherapy, 15 had stage 2 disease and seven had stage 1 disease. Of the
patients treated with more intensive chemotherapy plus radiation
therapy, nine underwent high-dose chemotherapy with stem cell
transplantation as part of first-line treatment. All patients who under-
went transplantation had stage 2 disease. Details of nonsurgical ther-
apy were unknown for 14 patients. Data regarding second-line
treatment were not available.

Outcome of Patients With Low-Stage,
MYCN-Amplified Neuroblastoma

Patients with MYCN-amplified, low-stage tumors had less favor-
able EFS (P <.0001) and OS (P < .0001) than patients with nonam-
plified tumors did (53% =* 8% and 72% = 7% v 90% * 1% and
98% = 1%, respectively; Fig 1). Outcome data for patients with
MYCN-amplified tumors and information regarding additional bio-
logic and clinical variables are presented in Table 1. Among patients
with MYCN amplification, both EFS and OS were statistically sig-
nificantly higher for patients whose tumors were hyperdiploid
rather than diploid (EFS, 82% % 20% v 37% = 21%; P = .0069; OS,
94% = 11% v 54% = 15%; P = .0056, respectively; Fig 2). No other
clinical or biologic variable evaluated had prognostic significance in
this cohort. EFS and OS were not statistically significantly different for
those with stage 1 versus stage 2 disease (EFS, 50% * 12% v 57% *
12%; P = .2760; OS, 76% * 9% v 67% * 11%; P = .3568, respectively;
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Fig 1. International Neuroblastoma Staging System stage 1 and 2 patients. (A)
Event free and (B) overall survival curves for MYCN nonamplified (n = 2,573) versus
amplified (n = 87) patients. The numbers of patients at risk for an event are shown
along the curves at years 4 and 8.

Fig 3). In addition, no differences in outcome were observed based on
age at diagnosis. EFS and OS for those = 18 months old at diagnosis
were 45% * 14% and 63% =+ 14% compared with 58% = 10% and
77% * 8% for patients younger than 18 months old. No statistically

Table 2. Outcomes of Patients With Low-Stage, MYCN-Amplified Neuroblastoma Based on Initial Post-Surgical Therapy

Unknown 14

Total 5-Year EFS 5-Year OS
Treatment No. % % SE P % SE P
Surgery alone 29 40 50 16 .2938* 81 11 5115*
Moderate intensity chemotherapy 22 30 50 14 64 13
(2-8 cycles) plus surgery

Intensive chemotherapy + radiotherapy

Specific type unknown 6 8 50 25 67 22

No stem cell or bone marrow transplant 7 10 71 22 71 22

Plus stem cell or bone marrow transplant 9 12 50 25) 62 27

Abbreviations: EFS, event-free survival; OS, overall survival.

*Comparison of surgery alone or surgery plus moderate intensity chemotherapy v surgery plus intensive chemotherapy plus radiotherapy with or without transplant.
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Fig 2. MYCN amplified International Neuroblastoma Staging System stage 1
and 2 patients (n = 87). (A) Event free and (B) overall survival curves for
hyperdiploid (n = 17) versus diploid (n = 22) patients. The numbers of patients at
risk for an event are shown along the curves at years 3 and 5.

significant difference in outcome was found based on histology, al-
though a trend toward improved OS in patients with favorable histol-
ogy was observed. EFS and OS were 58% * 15% and 86% = 9% for
patients with favorable histology compared with 40% * 18% and
62% * 19% for patients with unfavorable histology. Similarly, no
significant difference in outcome was observed based on level of LDH
at diagnosis, but a trend toward a more favorable outcome for
patients with LDH lower than 580 U/L was detected. EFS and OS
for patients with LDH lower than 580 were 63% * 12% and 83% *
9% compared with 48% = 14% and 62% = 14% for patients with
LDH = 580. 1p and 11q aberrations did not have prognostic signifi-
cance in this cohort, but the number of patients for whom this infor-
mation was available was small (25 and 15 patients, respectively).
Initial therapy did not appear to have a significant impact on
survival among patients with MYCN amplified tumors. EFS and OS
among patients initially treated with surgery alone were 50% = 16%
and 81% * 11%, respectively, while EFS and OS for the entire cohort
of patients with MYCN-amplified, low-stage tumors were 53% * 8%
and 72% * 7%. Nine patients underwent high-dose chemotherapy

368 © 2008 by American Society of Clinical Oncology

Fig 3. MYCN amplified International Neuroblastoma Staging System stage 1 and 2
patients (n = 87). (A) Event free and (B) overall survival curves for stage 1 (n = 48)
versus stage 2 (n = 39) patients. The numbers of patients at risk for an event are shown
along the curves at years 3 and 5.

with stem cell transplantation as part of initial therapy. EFS and OS for
these patients were 50% = 25% and 62% * 27%. In comparison, EFS
and OS for all patients with stage 2 MYCN amplified tumors were
57% % 11.9% and 67% = 11.1%. Hematopoietic stem cell transplan-
tation in the upfront setting was not associated with an improvement
in either EFS or OS in this group of patients.

Risk assessment in neuroblastoma depends on integration of data
regarding both clinical and biologic features. In most cases, there is
concordance among prognostic variables. For example, MYCN am-
plification is strongly associated with advanced disease stage,'' and
both MYCN amplification and advanced stage disease are associated
with an unfavorable prognosis. Similarly, loss of heterozygosity at
chromosome 1p is associated with age older than 1 year, advanced
clinical stage,and MYCN amplification.'® Again, all features portend a
less favorable prognosis. The challenge for clinicians, however, is to

JOURNAL OF CLINICAL ONCOLOGY
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appropriately assign a risk designation in the relatively rare circum-
stances in which there is a lack of concordance among prognostic
variables, such as low stage and MYCN amplification. While the num-
ber of patients with low-stage neuroblastoma and MYCN amplifica-
tion is relatively small, because clinical and biologic features must be
integrated for risk designation, the conundrum presented by these
patients is of considerable interest.

Efforts have been made to address the issue of conflicting prog-
nostic information in neuroblastoma, but small numbers make out-
come analyses challenging. In a Pediatric Oncology Group (POG)
study of 850 children with localized neuroblastoma, only six had
MYCN-amplified tumors.® Three patients remained disease free after
therapy while three experienced recurrences. In a subsequent POG
study, only 11 of 329 children with POG stage A disease had MYCN-
amplified tumors.” Outcomes for these patients varied: four children
never experienced recurrent disease, four relapsed but survived with
additional therapy, and three died of disease.” Numbers from a con-
temporaneous Children’s Cancer Group study were similar. Of 374
children with Evans stages I and II disease enrolled on CCG3881, only
seven had MYCN-amplified tumors.® Although a statistically signifi-
cant difference in outcome based on MYCN status was found for the
overall cohort studied,® the small number of patients with MYCN-
amplified tumors precluded further analysis of outcome within this
subgroup. A recent publication described the Children’s Oncology
Group experience with patients with low stage neuroblastoma and
MYCN amplification. Schneiderman and colleagues'® assessed out-
comes of 32 patients with MYCN-amplified neuroblastoma, but in-
cluded patients with stages A, B, and Ds disease. EFS for this
population was approximately 50%, however the number of patients
with stages 1 and 2 disease for whom complete data were available
limited the extent to which subgroup analyses could be performed.

Numbers have also limited the ability of European groups to
address this issue of lack of concordance of prognostic variables in
neuroblastoma. In the recent LNESGI study, only 16 of the 427 pa-
tients with low-stage neuroblastoma had MYCN-amplified tumors
(seven stage 1; nine stage 2; M. Beck-Popovic, personal communica-
tion, May 2008). Even in a cohort that included a somewhat larger
number of patients with low-stage, MYCN-amplified neuroblastoma,
it was not possible to establish the importance of other prognostic
data. George and colleagues’ evaluated the relationship of histology
and MYCN amplification in patients with neuroblastic tumors, 42 of
whom had stage 1 or stage 2 neuroblastoma. Only 11% of tumors
from patients with localized disease were MYCN amplified, and when
histopathology and disease stage were considered in relation to MYCN
status and outcome, the numbers of patients in each subgroup prohib-
ited further study. For example, only one patient with stage 2 disease had a
tumor with favorable histology and MYCN amplification.”

The INRG database presents a unique opportunity to study rare
subgroups of patients, including those with unusual combinations of
clinical and biologic features. The international database makes it
possible to assess outcomes for more than three times as many patients
as had been analyzed previously (n = 87 in our patient group). In
addition, the large database permits examination of the contribution
of variables that were not collected via single cooperative group efforts.
For example, Schneiderman and colleagues'® were not able to evaluate
the prognostic importance of Shimada histology in the COG patients
with low-stage, MYCN-amplified neuroblastoma due to missing data.
In contrast, information regarding histology was available for 57 pa-

Www.jco.org

tients in the INRG data set. These results suggest that there is a trend
toward improved outcomes in patients with favorable histology, al-
though the level of statistical significance was not attained. This work
thus highlights the importance of international collaboration for as-
sessment of multiple prognostic variables, particularly when a rare
disease entity is being studied. Efforts are being made to standardize
the information to be collected for patients entered into the INRG
database in the future. Data regarding a more uniform set of variables
(including ploidy and histology) will be collected, and analyses of
subsets of patients with low-stage, MYCN-amplified neuroblastoma
may have greater power to detect differences in outcome in the
near future.

Although the present database provides the patient numbers
needed to begin to study outcomes for rare subsets of children with
neuroblastoma, there are caveats that must be considered as data are
interpreted. Cooperative groups from around the world have ap-
proached laboratory analysis of MYCN status and tumor cell ploidy
differently over time. During the years 1990 to 2002, cooperative
groups in Japan, Europe, and North America used Southern blotting,
PCR, immunohistochemistry with PCR, and/or FISH to assess MYCN
copy number. Threshold values used to define MYCN amplification
have differed among the groups as well. Although DNA index was
determined by flow cytometry in all participating groups, the defini-
tion of hyperdiploidy varied slightly from group to group. Therefore,
differences in assay methods and differences in the definitions of
MYCN amplification and hyperdiploidy could confound this analysis.
However, when Ambros and colleagues®® compared results of South-
ern blotting, PCR, and FISH assays for MYCN status in 160 neuroblas-
toma tumors, they found an error rate of lower than 4%. Ambros’
group carried out laboratory analyses according to consensus stan-
dard operating procedures, which likely minimized interlaboratory
variability. Nonetheless, the low rate of conflicting results in the
MYCN analyses suggests that differences in techniques are unlikely to
substantially change the findings now reported. Uniform interna-
tional approaches to laboratory analysis of biologic markers and defi-
nitions of relevant terms remain highly desirable, however. Efforts to
standardize neuroblastoma staging have greatly facilitated compari-
sons of results of clinical trials worldwide,?"*? and efforts to standard-
ize interpretation of morphologic features of neuroblastic tumors has
led to near global use the International Neuroblastoma Pathology
Classification (INPC) system.*”> One of the goals of the INRG is to
develop international consensus with regard to assessment of other
key prognostic variables in neuroblastoma, including standard oper-
ating procedures for the analysis of MYCN status and tumor cell
ploidy as well as uniform nomenclature to describe results of
these analyses.

Despite its present limitations, the INRG database provides an
unprecedented opportunity to use the international experience to
critically evaluate long-held assumptions regarding subsets of patients
with neuroblastoma. Interestingly, this analysis demonstrates that
there is no statistically significant difference in outcome between pa-
tients with stage 1 versus stage 2 disease in the presence of MYCN
amplification. Patients with stage 1 disease were more likely to have
been treated with surgery alone while patients with stage 2 disease were
more likely to have received aggressive therapy. However, this does not
mitigate the fact that patients with stage 2 MYCN-amplified neuro-
blastoma fared as well as patients with stage 1 MYCN-amplified tu-
mors. A limitation of analyses using this database is the lack of
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information regarding precise chemotherapy doses delivered. None-
theless, it is striking that survival for patients who received moderate
dose therapy was similar to that of patients who received intensive
therapy including transplant.

In contrast, the data suggest that patient outcomes differ
based on tumor cell ploidy, as patients whose tumors were hyper-
diploid had an OS rate of 94% * 11.4% while OS among patients
whose tumors were diploid was 54% * 15%. In light of these data, it
appears that intensive chemoradiotherapy may not be necessary for
patients with low-stage, MYCN-amplified neuroblastoma whose tu-
mors are hyperdiploid. In risk stratification systems currently used in
North America and Europe, patients with stage 2 MYCN-amplified
neuroblastoma are designated as having high-risk disease, regardless
of age, histology, or tumor cell ploidy. These patients are treated with
aggressive therapy, including stem cell transplantation. Our data do
not support substratification of patients with stage 2 MYCN-amplified
neuroblastoma based on age or histology, but the data do suggest that
hyperdiploidy may be used to identify stage 2 patients who could be
candidates for reductions in currently designated intensive therapy.
Given trends toward higher OS in patients with low levels of LDH at
diagnosis and in patients with favorable Shimada histology, these
variables may also be useful in defining a group of patients with
low-stage, MYCN-amplified neuroblastoma who could receive less
toxic first-line therapy.

An international prospective trial of reduced therapy for patients
with hyperdiploid MYCN-amplified, low-stage neuroblastoma would
provide an ideal way to further study this question. However, the
international database generated over a 12-year period included only

17 patients with hyperdiploid, MYCN-amplified, low-stage tumors
(approximately one patient/year). Therefore, logistics preclude such a
trial. Instead, a more cost-effective approach is to use the INRG frame-
work to obtain more complete data regarding 1p, 11q, and other
chromosomal aberrations as well as more detailed data regarding
first-line and second-line therapy for patients with low-stage, MYCN-
amplified neuroblastoma. These expanded datasets could be used to
validate the results of the current analysis. In addition, ongoing studies
that take a genome-wide approach to analysis of differential regulation
of signaling pathways in diploid and hyperdiploid MYCN-amplified
tumors from patients with low-stage neuroblastoma could provide
greater insights into the biology underlying clinical outcomes.
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