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A B S T R A C T

Purpose
Survival after neuroblastoma relapse is poor. Understanding the relationship between clinical and
biologic features and outcome after relapse may help in selection of optimal therapy. Our aim was
to determine which factors were significantly predictive of postrelapse overall survival (OS) in
patients with recurrent neuroblastoma—particularly whether time from diagnosis to first relapse
(TTFR) was a significant predictor of OS.

Patients and Methods
Patients with first relapse/progression were identified in the International Neuroblastoma Risk
Group (INRG) database. Time from study enrollment until first event and OS time starting from first
event were calculated. Cox regression models were used to calculate the hazard ratio of increased
death risk and perform survival tree regression. TTFR was tested in a multivariable Cox model with
other factors.

Results
In the INRG database (N � 8,800), 2,266 patients experienced first progression/relapse. Median
time to relapse was 13.2 months (range, 1 day to 11.4 years). Five-year OS from time of first event
was 20% (SE, � 1%). TTFR was statistically significantly associated with OS time in a nonlinear
relationship; patients with TTFR of 36 months or longer had the lowest risk of death, followed by
patients who relapsed in the period of 0 to less than 6 months or 18 to 36 months. Patients who
relapsed between 6 and 18 months after diagnosis had the highest risk of death. TTFR, age,
International Neuroblastoma Staging System stage, and MYCN copy number status were indepen-
dently predictive of postrelapse OS in multivariable analysis.

Conclusion
Age, stage, MYCN status, and TTFR are significant prognostic factors for postrelapse survival and
may help in the design of clinical trials evaluating novel agents.

J Clin Oncol 29:3286-3292. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Neuroblastoma is a genetically and clinically heter-
ogeneous childhood malignancy arising from the
embryonic sympathetic nervous system. Neuroblas-
toma is metastatic at diagnosis in approximately
50% of patients; more than half of children diag-
nosed with high-risk neuroblastoma will either not
respond to conventional therapies or relapse after
treatment, necessitating development of novel treat-
ments. Little is known about how to identify patients
who are more likely to respond to therapies and
survive longer after primary treatment failure in
such a heterogeneous disease. Selection of appropri-
ate therapy is one way in which improved outcome
can be achieved, so it is crucial to understand the

clinical course of neuroblastoma after failure of con-
ventional therapy.

The length of time from diagnosis to first re-
lapse has been demonstrated to be of prognostic
value in multiple types of pediatric tumors.1-5 In one
recent single-institution study of high-risk neuro-
blastoma, time to first relapse was shown to influ-
ence length of survival6; however, the relationship
between initial tumor biologic and clinical risk fac-
tors was not extensively studied with regard to the
length of second remission and survival after relapse.
To gather additional information about the disease
course after relapse, we queried the International
Neuroblastoma Risk Group (INRG) database. The
INRG project is a collaborative effort among coop-
erative pediatric oncology groups from Europe,
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North America, Germany, Australia, New Zealand, and Japan. For the
first time, we have a sufficiently large group of annotated relapsed or
progressing patients with neuroblastoma to use to identify which
clinical and biologic factors are most prognostic of postrelapse sur-
vival.7 In this analysis of 2,266 patients with neuroblastoma who
suffered relapse or progression, we show that time to first relapse is
significantly associated with survival after relapse, in addition to sev-
eral other biologic and clinical risk factors in multivariable analysis.
This information may help guide therapeutic decisions and interpre-
tation of clinical trials of novel agents.

PATIENTS AND METHODS

INRG Database

A total of 8,800 unique patients younger than 21 years of age with
pathologically confirmed neuroblastoma who were diagnosed/enrolled be-
tween 1990 and 2002 comprise the INRG database.7 An enrollment cutoff of
2002 was chosen to allow for sufficient follow-up time. Patients provided
consent and were enrolled shortly after initial diagnosis onto one or more
neuroblastoma clinical or biologic trials in Germany, Japan, Italy, Spain, or the
United Kingdom or onto a North American Children’s Oncology Group study
or the European SIOP LNESG1 (International Society of Pediatric Oncology
Localized Neuroblastoma European Study) trial. Institutional review board
approval and informed patient consent were obtained by each country, coop-
erative group, and treating institution for their respective studies. In addition
to date of diagnosis and follow-up data, information on 35 potential risk
factors was included in the INRG database.7 Of the 8,800 patients, the
analytic cohort for this report is composed of 2,266 who experienced at
least one event (relapse or progression of neuroblastoma or secondary
malignancy) and who had available follow-up data. The only other analytic
cohort inclusion requirement was that the first event was not death; pa-
tients who died at time of relapse/progression were excluded because their
OS time could not be calculated. We are interested in patients who require
a postrelapse treatment decision.

Statistical Considerations

Time to first event was calculated as time from study enrollment to first
occurrence of relapse, progression, or secondary malignancy or time of last
patient contact if no event occurred. Overall survival (OS) time was calculated
from first event until death or time of last contact if the patient was alive. For
ease of discussion, throughout this article, we will refer to these concepts as
time to first relapse (TTFR) and OS post relapse, respectively. The method of
Kaplan-Meier was used to generate survival curves, and curves were compared
using a two-sided log-rank test.8 OS post relapse is presented as the 5-year
point estimate (� SE; per method of Peto et al9).

The clinical and biologic factors at diagnosis analyzed are listed in Table
1.7,10 For lactate dehydrogenase (LDH) and ferritin, median values from the
entire INRG cohort (580 units/L and 96 ng/mL, respectively) were used to
dichotomize patients as elevated or not elevated. We then chose to use data-
driven splits in the risk to construct a survival tree rather than traditional
predefined risk groups.

A Cox proportional hazards regression model was used to calculate the
hazard ratio (HR) for increased risk of death (poor outcome category as
compared with better outcome category).11 Visual inspection of Kaplan-
Meier curves and plots of log(-log(S(t))) versus log(t) were used to identify
violations of the proportional hazards assumption.12 Where the proportional
hazards assumption was violated, Cox regression modeling was performed
using time-dependent covariates to adjust for nonproportionality. Patients
were categorized into 6-month cohorts (0 to�6, 6 to�12, 12 to�18, 18 to�
24, 24 to � 30, 30 to � 36, and � 36 months) of TTFR for graphical
presentation of the nonlinear relationship between TTFR and OS post relapse.
Time-dependent covariates are somewhat analogous to the use of a squared
term in an algebraic equation; to approximate the curve in Figure 2, we
included a term for TTFR multiplied by OS time and a binary term for TTFR

(� 365 v � 365 days) in the Cox model. Inclusion of these terms in the model
ensured that patients who progressed within a short time were weighted
differently than those who relapsed after therapy.

Cox proportional hazards regression models were used to identify the
most highly statistically significant variable to create a given split or branch in
the survival tree,11-14 and only the Table 1 variables that were statistically
significant were tested in the survival tree. To account for the effect of TTFR,
each step of the model included TTFR time-dependent covariates; these cova-
riates were retained in all models regardless of their statistical significance. P
values less than .05 were considered statistically significant.15

RESULTS

The clinical and biologic characteristics at diagnosis of the 2,266 re-
lapsed/progressing patients are listed in Table 1. Seventy-three percent
of patients were 18 months of age or older at diagnosis, 72% had stage
4 tumors, and 33% had MYCN amplified tumors. The median TTFR
was 13.2 months (range, 1 day to 11.4 years), and for patients with
MYCN amplified tumors (n � 562) or MYCN nonamplified tumors
(n � 1,141), it was 11 months (range, 3 days to 7 years) and 14.5
months (range, 7 days to 11 years), respectively (P � .001).

Univariate Survival Analyses

The 5-year OS post relapse was 20% (� SE, 1%; n � 2,266; Fig
1A). The median follow-up time of patients who did not die post
relapse was 3.6 years (range, 1 day to 13.7 years). Most factors were
statistically significantly associated with OS post relapse (Table 1),
including unfavorable histology, stage 4, MYCN amplification, use of
intensive multimodality treatment at diagnosis, age 547 days or older,
elevated LDH, elevated ferritin, and high mitosis karyorrhexis index
(P � .001; HR, � 1.9; Table 1).

TTFR was statistically significantly associated with OS time (Ta-
ble 2), and a nonlinear relationship was identified (Fig 2). Traditional
log-rank test comparisons of short versus long TTFR were not sup-
ported, because the required proportional hazards assumption was
violated (eg, Fig 1B, using 365-day cutoff), regardless of the choice of
the cutoff used to categorize patients as short versus long TTFR. TTFR
had an effect on OS post relapse, but the strength of the effect varied for
different lengths of TTFR (Fig 2). Each of the 6-month TTFR groups
had a higher risk of death after relapse than patients with TTFR of 36
months or longer.

Patients at the highest risk of death were those who relapsed
between 6 and 18 months after diagnosis (peak risk at approximately
12 months). Of patients who relapsed 12 months or longer after
diagnosis, 24% underwent stem-cell transplantation during initial
therapy, compared with only 10% who relapsed in less than 12
months. The risk of death is approximately the same (approximately
2.5 times higher than in patients with TTFR � 36 months) for patients
who relapsed within 6 months as it was for patients who relapsed in 18
to less than 24 months. The group of children who relapsed within 6
months after diagnosis included an unexpectedly high proportion of
patients with favorable risk factors. Of 461 children who relapsed
within 6 months, 55% (255 of 461 patients) were younger than 18
months old at diagnosis in comparison with 20% (362 of 1,805 pa-
tients) of those who relapsed later than 6 months after diagnosis
(P � .001; Appendix Table A1, online only). Similarly, 49% (219 of
448 patients) in the early relapse group had INSS stage 1, 2, 3, and 4S
tumors, compared with only 23% of those (403 of 1,752 patients) who
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Table 1. Clinical and Genetic Characteristics and Postrelapse Survival in the Relapsed INRG Cohort (n � 2,266)

Factor

Patients Postrelapse OS
5-Year

Postrelapse OS
Postrelapse

OS P †No. % HR� 95% CI OS � SE (%)

Histologic classification‡ 4.5 3.6 to 5.8 � .001
Favorable 246 27 66 � 5
Unfavorable 653 73 11 � 2

INSS stage 3.5 3.1 to 4.0 � .001
1, 2, 3, 4S 622 28 52 � 3
4 1,578 72 8 � 1

MYCN status 2.7 2.4 to 3.1 � .001
Nonamplified 1,141 67 32 � 2
Amplified 562 33 7 � 2

Initial treatment 2.6 2.3 to 2.9 � .001
Observation, surgery, or standard chemotherapy 762 40 41 � 3
Intensive multimodality 1,143 60 7 � 1

Age, days 2.4 2.1 to 2.7 � .001
� 547 617 27 47 � 3
� 547 1,649 73 10 � 1

LDH, U/L 2.4 2.1 to 2.8 � .001
� 580 466 35 38 � 2
� 580 848 65 12 � 2

Serum ferritin, ng/mL 2.1 1.8 to 2.4 � .001
� 96 321 28 34 � 4
� 96 839 72 12 � 2

MKI‡ 1.9 1.6 to 2.4 � .001
Low, intermediate 550 74 28 � 3
High 189 26 12 � 4

1p 1.8 1.4 to 2.1 � .001
No loss or aberration 345 58 32 � 5
LOH, deletion, or imbalance 252 42 15 � 3

Ploidy 1.6 1.4 to 2.0 � .001
� 1 (hyperdiploid) 357 57 34 � 4
� 1 (diploid, hypodiploid) 273 43 16 � 4

Grade of NB differentiation‡ 1.6 1.1 to 2.1 � .001
Differentiating 72 9 38 � 8
Undifferentiated 774 91 22 � 3

Diagnostic category‡
1 (NB, stroma poor) 992 91 21 � 2
2 (GNB, intermixed, stroma rich) 5 0.5 0
3 (GNB, well differentiated, stroma rich) 5 0.5 0
4 (GNB, nodular �composite�) 90 8 10 � 7
2 and 3 v 1 and 4 1.4 0.8 to 2.4 .686

2 and 3 10 1 0
1 and 4 1,082 99 20 � 2

Year of diagnosis 1.3 1.2 to 1.4 � .001
� 1996 1,333 59 25 � 3
� 1996 933 41 17 � 1

11q 1.1 0.8 to 1.5 .567
Balanced or no aberration 205 65 35 � 6
Deletion, imbalance, or unbalanced 115 35 20 � 7

17q 1.1 0.7 to 1.6 .764
No gain 64 41 29 � 8
Gain 91 59 23 � 9

Abbreviations: GNB, ganglioneuroblastoma; HR, hazard ratio; INPC, International Neuroblastoma Pathology Classification; INRG, International Neuroblastoma Risk
Group; INSS, International Neuroblastoma Staging System; LDH, lactate dehydrogenase; LOH, loss of heterozygosity; MKI, mitosis karyorrhexis index; NB,
neuroblastoma; OS, overall survival.

�HRs denote increased risk of event for second row within given category as compared with first row.
†Per log-rank test.
‡Per INPC; per Shimada, if INPC missing.
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relapsed later than 6 months (P � .001; Appendix Table A1, online
only). Within the subset of relapsed patients who were stage 3 or 4 and
MYCN amplified, the nonlinear relationship persisted (Fig 2), with a
high risk of death for patients who relapsed within the first 12 months
of diagnosis.

Multivariable Survival Analyses

Although many factors were prognostic in a univariate test, few
were prognostic in a multivariable Cox model (Table 3). Stage was the
most highly predictive of OS post relapse, with increased risk of death
for stages 4, 3, and 4S (6.9, 4.3, and 3.5 times higher than stages 1 and
2, respectively), with adjustment for TTFR by simultaneous inclusion
in the Cox model.

The survival tree regression models identified a small proportion
of patients who may have been salvageable after relapse (Fig 3). In the
context of relapse therapy administered from 1990 to 2005, the sal-
vageable cohorts seem to be those with stage 1, 2, 3, or 4S disease who
had MYCN nonamplified tumors (excluding those with undifferenti-
ated histology); those with stage 4 disease age younger than 18 months
who had MYCN nonamplified tumors; and those with stage 1, 2, or 4S
disease who had MYCN amplified tumors. Combined, approximately

15% of relapsed/progressing patients seemed to be curable. Within the
survival tree subgroups, there were only two subgroups within which
TTFR was statistically significantly associated with OS (ie, stage 4
patients with MYCN amplified tumors and stage 3 patients with
MYCN amplified tumors).

DISCUSSION

TTFR has been demonstrated to be prognostic in different pediatric
tumors,1-5 but it has not been thoroughly studied in neuroblastoma.
Some studies have shown that a more chronic course of neuroblas-
toma after failure of primary therapy seems to be associated with
longer times of first remission16 or older age at diagnosis.17-19 Cotterill
et al20 identified late relapse in a small subset of high-risk patients;
however, this study was unable to predict which factors influence
long-term survival given the limited follow-up.

In each of the single-institution studies, the number of patients
and data collection were limited. In our analysis of 2,266 patients with
relapsed neuroblastoma, we have shown that TTFR is an important
factor to predict OS after an event. The relationship of TTFR and OS
post relapse is complex; the risk of death was highest for patients who
relapsed between 6 and 18 months from diagnosis and then decreased
steadily, being lowest in patients who relapsed at 36 months or later.
The association of TTFR and OS post relapse was the strongest in stage
3 and 4 patients with MYCN amplified tumors. Surprisingly, in the
overall cohort, the risk of death for patients who relapsed between 6
and 18 months after diagnosis was higher than for patients who re-
lapsed within 0 to 6 months, or more than 18 months, after diagnosis.
A more intuitive relationship would be linear, where those with the
shortest TTFR had the highest risk of death, with decreasing risk of
death as TTFR increased. A possible explanation for why the patients
with the shortest TTFR did not have the highest risk of death may lie in
the more favorable clinical characteristics of the patients who relapsed
within 6 months; a significantly larger proportion of patients were
younger or had stage 1, 2, 3, or 4S disease in comparison with those
who relapsed later. Patients who were younger and had a lower stage of
disease may have received little or no therapy before relapse and
therefore may have responded well to postrelapse treatment. Another
possible explanation for the upward slope of the risk-of-death curve
with TTFR of less than 12 months and the downward slope of the
risk-of-death curve with TTFR of 12 months or longer (Fig 2) is that
patients who are able to make it to transplantation (occurring approx-
imately 10 to 12 months post diagnosis) without relapse/progression
realize a benefit in terms of prolonged OS.

Accepted prognostic factors for neuroblastoma include age at
diagnosis, MYCN gene amplification, and histologic features.21 These
factors are standard determinants of initial risk stratification, but their
prognostic value after an event had not been studied previously. In our
analysis, we identified several factors that were independently prog-
nostic of OS after relapse: stage, MYCN status, age, and TTFR. Many
other factors were significantly predictive of poor outcome after re-
lapse in univariate, but not multivariable, analysis. Within the sub-
groups of patients with MYCN nonamplified tumors or stage 1, 2, or
4S disease, TTFR was not predictive of OS post relapse; it seems that
the patients with INSS stage 3 and 4 MYCN amplified tumors were
driving the association between TTFR and OS.
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Fig 1. (A) Overall survival post relapse for 2,266 patients with neuroblastoma
from the International Neuroblastoma Risk Group database. Median time to first
relapse (TTFR) was 13.2 months (range, 1 day to 13.1 years). (B) Overall survival
post relapse. TTFR less than 365 days from diagnosis (n � 1,012) versus TTFR
365 days or more from diagnosis (n � 1,254). Log-rank test P value is not valid
because of violation of proportional hazards assumption, which can be seen in
crossing of two curves.
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Two previous single-institution studies in neuroblastoma also
showed that shorter time to first relapse was a significant adverse
factor for survival.6,16 Lau et al16 reviewed 31 patients with neuro-
blastoma with relapsed disease and found that patients who re-
lapsed less than 12 months from diagnosis had significantly shorter
survival time. The only other significant factor in their analysis for
survival post relapse was tumor MYCN amplification. Santana et
al6 addressed the study of disease-control intervals in 91 high-risk
patients with neuroblastoma. The estimated median times to dis-
ease recurrence were 18.3, 8.7, and 3.8 months for the first, second,
and third recurrences, respectively. Patients with longer initial

disease control had a significant postrecurrence survival advan-
tage. This study emphasized the importance of knowing the inter-
vals of disease progression as end points for the design of protocols
with new agents.6

Other studies in pediatric malignancies have also shown that earlier
relapse portends shorter survival. The Italian Off-Therapy Registry pub-
lished results on 694 patients, including those with neuroblastoma, CNS
tumors, sarcoma, Wilm’s tumors, and Hodgkin’s lymphoma, who had
experienced recurrence. They found significantly different HRs for sur-
vivalbytypeofdiagnosisandfoundoverallthatpatientsrelapsinglessthan
12 months off therapy had worse survival in univariate, but not in multi-
variable,analysis.22 Risk factors forsurvivalpost relapse inneuroblastoma
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Fig 2. Relative risk (hazard ratio) of death
for 6-month cohorts of time to first relapse
in comparison with patients whose first
relapse occurred more than 36 months
from diagnosis. Patients whose first re-
lapse occurred more than 36 months from
diagnosis had a relative risk of death equal
to 1. Blue bars are all patients (n � 2,266),
and gold bars are the subset of stage 3 or
4 patients with MYCN amplified tumors
(n � 504). SE bars are shown for relative
risk of death for each cohort.

Table 2. Multivariable Analysis of OS After First Event

Time to First
Relapse (months)�

No. of
Patients

Risk of Death†

HR 95% CI P

0 to � 6 461 2.7 2.0 to 3.8 � .001
6 to � 12 551 5.0 3.7 to 6.8 � .001
12 to � 18 487 4.0 3.0 to 5.5 � .001
18 to � 24 322 2.3 1.7 to 3.2 � .001
24 to � 30 167 1.8 1.3 to 2.6 � .001
30 to � 36 93 1.5 1.0 to 2.2 .063
� 36 184 1.0 1.0 to 1.0 NA

NOTE. Analysis testing of 6-month categories of time to first relapse
compared with risk of death for those relapsing more than 36 months after
diagnosis.

Abbreviations: HR, hazard ratio; NA, not applicable; OS, overall survival.
�All 6-month categories were simultaneously included in the model, except

for � 36, which was the reference level.
†In comparison with patients with first relapse more than 36 months

after diagnosis.

Table 3. Clinical and Biologic Factors Independently Predictive of OS in
Multivariable Analysis (n � 2,266)

Variable�

Risk of Death

PHR 95% CI

Stage 4 6.9 5.1 to 9.3 � .001
Stage 3 4.3 3.1 to 6.1 � .001
Stage 4S 3.5 2.2 to 5.4 � .001
MYCN amplification 2.4 2.1 to 2.7 � .001
Age � 18 months 1.6 1.4 to 1.9 � .001
TTFR � 12 months 2.0 1.7 to 2.5 � .001
TTFR � OS time† 1.0 1.0 to 1.0 � .001

Abbreviations: HR, hazard ratio; OS, overall survival; TTFR, time to first relapse.
�Variables tested in multivariable model were those significant in survival

tree regression: stage, MYCN status, age, ploidy, lactate dehydrogenase, and
grade of differentiation.

†Interaction term consisting of 12-month TTFR cutoff multiplied by OS time
is used to approximate curve shown in Figure 2.
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were not evaluated separately. Interestingly, the patients relapsing
in the more recent treatment era had shorter survival, perhaps
because the relapse may have occurred after more intensive ther-
apy. A similar trend has been reported in childhood leukemia, in
which multiple studies have shown that duration of first remission
was the most significant predictor of outcome after relapse of acute
lymphoblastic leukemia.4,5

In a retrospective study, Garaventa et al23 described 781 children
with neuroblastoma experiencing tumor recurrence. Ten-year OS was
6.8% after progression and 14.4% after relapse. Similar to our series,
the factors worsening prognosis in univariate analysis were age older
than 18 months, advanced stage, high LDH, MYCN amplification,
and abdominal primary (no multivariable analysis). Most relapses
occurred early (median interval, 7.8 months), but 86 (24%) occurred
late (median, 28 months). Early relapses had a more rapid, unfavor-
able course, with approximately 80% of deaths occurring within 2
years, whereas survival time was longer for late relapses.

From German protocols NB90, NB97, and NB2004 (n � 493
high-risk patients), Simon et al24 presented data on 254 patients
with neuroblastoma who relapsed after autologous bone marrow
transplantation as part of initial treatment. MYCN amplification,
early recurrence within 18 to 24 months after diagnosis, bone
marrow, and lung/pleura metastasis at relapse were independently
predictive of poor survival. The 24 patients who underwent a
second autologous stem-cell transplantation had better outcome.

Ultimately, understanding the genetic differences in early versus
late relapsing patients will facilitate selection of appropriate targeted
therapy. Meanwhile, we propose that stratification of relapsed patients
according to the timing of first relapse, as well as stage, age, and MYCN
status, is critical in certain types of study designs, such as randomized
phase II trials, to maintain a balance of less favorable patients between
treatment arms. One might also wish to compare two strata for a given
treatment to see which has better outcome. TTFR is a significant,
readily available prognostic factor for stratification of patients on
retrieval trials. In addition, TTFR may be used in therapy selection.
Studies of novel agents using time to progression as an end point could
be designed to stratify patients based on TTFR so that the effect of the
novel agents can be separated from inherent tumor behavior.

We were not able to establish a single clear TTFR cutoff time point
for stratification, perhaps because the INRG series is heterogeneous in
relationtoeraof treatmentandinitial therapyreceivedorbecausethetrue
relationship between TTFR and OS post relapse is nonlinear. Our results
demonstrate that the period from 6 to 18 months from diagnosis to
relapseisassociatedwiththeshortestsurvivalofrelapsingpatients, includ-
ing the subset of patients with stage 3 and 4 MYCN amplified tumors.

In conclusion, time to first relapse is a significant predictor of
death after relapse; the risk of death is higher for patients who relapse
between 6 and 18 months after diagnosis than it is for patients who
relapse more than 18 months from diagnosis. Stratification of relapsed
patients with neuroblastoma according to the timing of first relapse,

TTFR statistically significantly
predictive of OS

Overall
(N = 2,266)

INSS stage 4
(n = 1,578)

5-year OS: 8% ± 1%

INSS stage 1, 2, 3, 4S
(n = 622)

5-year OS: 52% ± 3%

MYCN amp
(n = 425)

5-year OS: 4% ± 1%

LDH < 587
(n = 18)

5-year OS: 7% ± 7%

Age < 18 months
(n = 63)

5-year OS: 47% ± 10%

Age ≥ 18 months
(n = 654)

5-year OS: 8% ± 2%

Stage 1 and 2
(n = 35)

5-year OS: 47% ± 12%

Age < 18 months
(n = 246)

5-year OS: 84% ± 3%

Age ≥ 18 months
(n = 168)

5-year OS: 35% ± 6%

Stage 3
(n = 79)

5-year OS: 7% ± 6%

Hyperdiploid
(n = 83)

5-year OS: 90% ± 5%

Differentiating
(n = 11)

5-year OS: 73% ± 27%

5-yr OS: > 75%

5-yr OS: > 50% to ≤ 75%

5-yr OS: > 25% to ≤ 50%

5-yr OS: ≤ 25%

Stage 4S
(n = 18)

5-year OS: 6% ± 5%

Diploid
(n = 18)

5-year OS: 66% ± 39%

Undifferentiated/
poorly differentiated

(n = 53)
5-year OS: 7% ± 7%

LDH ≥ 587
(n = 230)

5-year OS: 3% ± 1%

LDH < 587
(n = 18)

5-year OS: 75% ± 14%

LDH < 587
(n = 149)

5-year OS: 7% ± 3%

LDH ≥ 587
(n = 20)

5-year OS: 29% ± 14%

LDH ≥ 587
(n = 251)

5-year OS: 7% ± 3%

MYCN non-amp
(n = 717)

5-year OS: 12% ± 2%

MYCN amp
(n = 132)

5-year OS: 17% ± 5%

MYCN non-amp
(n = 414)

5-year OS: 65% ± 3%

Fig 3. Survival tree regression of overall survival post relapse. Modeling was performed with adjustment for time to first relapse. Within each subgroup box, the value
of OS post relapse is presented as the 5-year point estimate (� SE). INSS, International Neuroblastoma Staging System; LDH, lactate dehydrogenase; OS, overall
survival; TTFR, time to first relapse.
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age, stage, and MYCN status is important in retrieval study designs,
especially for patients with stage 3 or 4 MYCN amplified tumors.
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