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Abstract
BACKGROUND—More accurate prognostic assessment of patients with neuroblastoma is
required to improve the choice of risk-related therapy. The aim of this study is to develop and
validate a gene expression signature for improved outcome prediction.

METHODS—Fifty-nine genes were carefully selected based on an innovative data-mining
strategy and profiled in the largest neuroblastoma patient series (n=579) to date using RT-qPCR
starting from only 20 ng of RNA. A multigene expression signature was built using 30 training
samples, tested on 313 test samples and subsequently validated in a blind study on an independent
set of 236 additional tumours.

FINDINGS—The signature accurately classifies patients with respect to overall and progression-
free survival (p<0·0001). The signature has a performance, sensitivity, and specificity of 85·4%
(95%CI: 77·7–93·2), 84·4% (95%CI: 66·5–94·1), and 86·5% (95%CI: 81·1–90·6), respectively to
predict patient outcome. Multivariate analysis indicates that the signature is a significant
independent predictor after controlling for currently used riskfactors. Patients with high molecular
risk have a higher risk to die from disease and for relapse/progression than patients with low
molecular risk (odds ratio of 19·32 (95%CI: 6·50–57·43) and 3·96 (95%CI: 1·97–7·97) for OS and
PFS, respectively). Patients with increased risk for adverse outcome can also be identified within
the current treatment groups demonstrating the potential of this signature for improved clinical
management. These results were confirmed in the validation study in which the signature was also
independently statistically significant in a model adjusted for MYCN status, age, INSS stage,
ploidy, INPC grade of differentiation, and MKI. The high patient/gene ratio (579/59) underlies the
observed statistical power and robustness.

INTERPRETATION—A 59-gene expression signature predicts outcome of neuroblastoma
patients with high accuracy. The signature is an independent risk predictor, identifying patients
with increased risk in the current clinical risk groups. The applied method and signature is suitable
for routine lab testing and ready for evaluation in prospective studies.

FUNDING—The Belgian Foundation Against Cancer, found of public interest (project
SCIE2006-25), the Children Cancer Fund Ghent, the Belgian Society of Paediatric Haematology
and Oncology, the Belgian Kid’s Fund and the Fondation Nuovo-Soldati (JV), the Fund for
Scientific Research Flanders (KDP, JH), the Fund for Scientific Research Flanders (grant number:
G•0198•08), the Institute for the Promotion of Innovation by Science and Technology in Flanders,
Strategisch basisonderzoek (IWT-SBO 60848), the Fondation Fournier Majoie pour l’Innovation,
the Instituto Carlos III,RD 06/0020/0102 Spain, the Italian Neuroblastoma Foundation, the
European Community under the FP6 (project: STREP: EET-pipeline, number: 037260), and the
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Belgian program of Interuniversity Poles of Attraction, initiated by the Belgian State, Prime
Minister's Office, Science Policy Programming.

Introduction
Few tumours have engendered as much fascination and frustration for clinicians and
scientists as neuroblastoma (NB). This tumour is one of the most frequent solid
malignancies in children and, in contrast to many other paediatric malignancies, remains
fatal in almost half of the patients despite advances in multimodal anti-cancer therapies.
Current therapeutic stratification of NB patients is based on risk estimation according to
combinations of age, tumour stage, MYCN status, DNA ploidy status, and histopathology.1
Clinical experience with this system suggests that the stratification of patients for treatment
is useful, but patients with the same clinicopathological parameters, receiving the same
treatment, can have markedly different clinical courses. Consequently, patients with an
intrinsic poor prognosis classified as low- and intermediate-risk based on the current
stratification system will receive inappropriately mild treatment and this could lead to a loss
of valuable time prior to installing the required, more intensive treatment. On the other hand,
patients with an intrinsic good prognosis but recognised as high-risk with current
stratification will undergo a toxic therapy putting them unnecessarily at risk for potential
long term side effects. In addition, survival rates remain disappointingly low in the current
high-risk treatment group. Therefore, the challenge remains to identify additional tumour-
specific prognostic markers for improved risk estimation at the time of diagnosis. Only then
can patients receive the most appropriate therapy, be monitored more intensively if needed,
and become eligible for new experimental therapies.

In analogy with the successful identification of gene expression signatures in other tumour
entities2–5, we sought to develop, validate, and implement a robust multigene expression
signature for more accurate assessment of prognosis in children with NB. Here, for the first
time to our knowledge, in contrast to previously published gene expression studies in NB,
we aimed for a high patient/gene ratio, testing a carefully selected small number of genes
(59) on a large panel of tumour samples (579), which underlies the observed statistical
power and robustness. We further validated the signature in an independent set of tumours
whereby laboratory analyses were performed blinded to clinical and outcome data.

Methods
Robust selection of prognostic genes

Using a unique data-mining strategy we re-analysed seven published microarray gene
expression studies6–12 containing nearly 700 NB patients in order to identify genes that
correlate with patient outcome (Supplemental Material 1). Briefly, all probes and clinical
patient information were updated before re-analysis and a uniform risk definition was
applied to select training patients across the different studies. Whereas in each of the
published studies a different data-mining method was used, an important step in this
procedure was the use of a uniform method, namely prediction analysis of microarrays13

(PAM), generating seven new prognostic gene sets.

We extended this study by an extensive literature screening for single candidate prognostic
genes (~800 abstracts). In total, we composed a list of 59 prognostic genes that were
independently identified in at least two of the seven prognostic gene sets or literature gene
list (Supplemental Table 1).
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Study population
The initial cohort was comprised of 343 NB patients from the International Society of
Pediatric Oncology, European Neuroblastoma Group (SIOPEN). Patients were only
included provided primary untreated NB tumour RNA (at least 60% tumour cells and
confirmed histological diagnosis of NB) was available and of sufficient quality. Almost all
patients (n=324, 95%) were uniformly treated according to the SIOPEN protocols: HR-
NBL1 (High-Risk Neuroblastoma Study, n=66) (https://www.siopen-r-net.org), INES14,15
(Infant Neuroblastoma European Study, n=177; NB99·study (resectable tumours), NB99·1
(unresectable tumours), NB99·2 (Stage 4S & stage 4 (no bone, lung, pleura, or CNS)),
NB99·3 (Stage 4 with bone, pleura, lung, or CNS involvement), or NB99·4 (Stage 2, 3, 4 &
4S MYCN amplified tumours)), EUNB16 (European Unresectable Neuroblastoma Study,
n=22), or LNESG117 (Localized Neuroblastoma European Study Group, n=59). Thirty-
three patients from the Gesellschaft für Paediatrische Onkologie und Haematologie (GPOH)
with localised tumour treated with surgery alone were also used in the study and included in
the LNESG1 group if older than 12 months at diagnosis and in the INES group
(NB99.study) if younger than 12 months. The remainder (n=19) was treated according to
similar protocols. The median follow-up was 63 months (range 1–180 months) and >24
months for the majority of the patients (91%). At the time of analysis, 290 out of 343
patients were alive (Supplemental Data, Vermeulen.rdml).

The validation cohort was comprised of 236 patients from the Children’s Oncology Group
(COG-United States) (67 low-risk, 56 intermediate-risk, and 113 high-risk patients) with at
least 24 months of follow-up for patients without event. The treatments received are not
known for most COG patients as 32% (76/236) of patients enrolled only on a
nontherapeutic/biology COG study to have risk biomarkers determined and tumour banked.
The rest of the COG patients were enrolled on 13 different therapeutic studies, receiving an
array of treatments per COG protocols according to risk over that time period. All laboratory
analyses were performed blinded to clinical and outcome data. All patients were consented
and enrolled on at least one COG study and institutions had Institutional Review Board
approval for the COG studies (Supplemental Data, Vermeulen.rdml).

This study was approved by the Ghent University Hospital Ethical Committee
(EC2008/159).

Sample preparation
Total RNA extraction from primary NB tumour samples was performed in the individual
collaborating laboratories by three different methods and starting from 20 ng of total RNA, a
sample pre-amplification method was applied (WT-Ovation, NuGEN) (Supplemental
Material 2). Based on the assessment of RNA purity and integrity as detailed in
Supplemental Material 3, we retained approximately 80% of the samples with an acceptable
quality18 (RNA Quality Index ≥5 as determined by the Experion (software version 3.0, Bio-
Rad) and absence of enzymatic inhibitors19).

High-throughput real-time quantitative PCR based gene expression
A real-time quantitative polymerase chain reaction (RT-qPCR) assay was designed for each
of the 59 prognostic genes and five reference genes by PrimerDesign and validated through
an extensive in silico analysis pipeline.20 PCR plates were prepared using a 96-well head
pipetting robot (Sciclone ALH3000, Calliper) and RT-qPCR was performed on a high-
throughput 384-well plate instrument (LC480, Roche). To detect and correct for inter-run
variation and allow future data comparison with other labs, we used absolute standards
(Biolegio), run in parallel with patient samples. Further details on gene expression analysis
and on data pre-processing are available in Supplemental Material 4.
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Statistical analysis
The multigene expression signature was built using 30 training samples, tested on the
remaining SIOPEN samples and validated in a blind manner using COG samples
(Supplemental Material 5).

For the SIOPEN cohort, the R-language for statistical computing (version 2·6·2) was used to
train and test the prognostic signature, to evaluate its performance by receiver operating
characteristic (ROC) curve and area under the curve (AUC) analyses and for Kaplan-Meier
survival analyses using the Bioconductor MCRestimate, the ROC and survival packages,
respectively. Multivariate logistic regression analyses were performed using SPSS (version
16). Currently used risk factors such as age at diagnosis (≥12 months vs. <12 months), INSS
(International Neuroblastoma Staging System) stage (stage 4 vs. not stage 4), and MYCN
status (amplified vs. not amplified) were tested and variables with p<0·05 were retained in
the model. Since an interaction between the signature and risk factors was not expected to
occur, interaction terms were not included in the models. For ROC and multivariate
analyses, only patients with an event and patients with sufficient follow-up time (≥36
months) were included if no event occurred since 95% of events in neuroblastoma are
expected to occur within the 36 months after diagnosis.

For the validation of the signature on the COG cohort, a case-control study was set up
(Supplemental Material 6). This was done in order to ensure a sufficient number of events in
each risk group, i.e., to increase the power from what would have resulted from a random
sample. A case was defined as failure (relapse, progression, or death from disease for
progression-free survival (PFS), and death for overall survival (OS)) prior to two years and
control as non-failure prior to two years in patients with at least two years of follow-up.
Controls and cases with complete data were selected 2 to 1 to increase the sample size and
power. Multivariate logistic regression analyses were performed to determine if the
signature was a significant independent predictor after controlling for known risk factors.
Statistical analyses were conducted in SAS (version 9).

Role of the funding source
The funding sources of the study had no role in study design; in the collection, analysis, and
interpretation of data; in the writing of the report; and in the decision to submit the paper for
publication. All authors had access to the raw data as they are publically available and can
be downloaded from http://medgen.ugent.be/jvermeulen. The corresponding author had full
access to all of the data and the final responsibility to submit for publication.

Results
Establishment and testing of a 59-gene expression signature

Based on an innovative strategy consisting of re-analysis of seven published microarray
gene expression studies6–12 combined with an extensive literature screening, a set of 59
genes with prognostic power in at least two independent studies was selected (Supplemental
Material 1 and Table 1).

A prognostic multigene signature was subsequently built based on the expression of the 59
genes using 15 deceased high-risk and 15 low-risk patients with a long progression-free
survival time. Patients with a low- or high-risk based on the expression of the 59 genes will
be defined as low or high molecular risk respectively throughout the rest of the text.

This multigene expression signature significantly distinguished the remaining 313 (missing
relapse date for one high molecular risk case) patients with respect to PFS and OS
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(p<0·0001) (Figure 1). PFS at five years from the date of diagnosis was 81·2% (95%CI:
76·8–87·0) for the group of patients at low molecular risk compared to 43·6% (95%CI:
32·4–58·6) for the group of patients at high molecular risk. The five-year OS was 98·0%
(95%CI: 96·1–100) and 55·0% (95%CI: 43·1–70·1) respectively.

Patients with increased risk for both a shorter PFS and OS could also be identified after
stratification by currently used European risk factors such as age, MYCN status, and INSS
stage (Figure 2).

Subsequently, we tested the signature within each SIOPEN treatment protocol. In the group
of patients treated according to the INES (NB99·study, NB99·1, NB99·2, and NB99·3),
LNEGS1 protocols, and HR-NBL1 protocol (with inclusion of patients sharing the same
high-risk features as described in Supplemental Material 5 and treated according to similar
protocols) patients with increased risk for death could be identified (p=0·017, p<0·0001, and
p=0·0048 respectively). While the signature was useful in identifying those patients at risk
of a progression or relapse amongst patients treated according to the INES, LNESG1, and
EUNB protocols (p=0·0028, p=0·054, and p=0·0054 respectively), there was no difference
in PFS between patients at high and low molecular risk treated according to the HR-NBL1
protocol (Figure 3).

Multivariate logistic regression analysis of the SIOPEN patients was performed within a
subset of the overall SIOPEN cohort as described in the patients and methods section. Table
1a shows that the signature and INSS stage were the only significant independent predictors
(odds ratio of 19·32 (95%CI: 6·50–57·43) and 3·96 (95%CI: 1·97–7·97) for OS and PFS, in
case of an adverse outcome signature). Further, within the INES and HR protocols,
multivariate logistic regression analysis demonstrated that the signature was the only
significant independent predictor for OS (odds ratio of 7·00 (95%CI: 1·04–46·95) and 9·20
(95%CI: 1·80–47·06), respectively).

The probability that a patient will be correctly classified by the signature based on a ROC-
curve analysis (AUC) was 85·4% (95%CI: 77·7–93·2) and 66·9% (95%CI: 59·2–74·6) for
OS and PFS, outperforming current risk factors (age (62·3% (95%CI: 52·2–72·4) and 53·5%
(95%CI: 45·8–61·2)), INSS stage (77·0% (95%CI: 66·8–87·1) and 65·4% (95%CI: 57·6–
73·2)), and MYCN status (72·7% (95%CI: 61·7–83·8) and 57·2% (95%CI: 49·3–65·2))). For
prediction of OS, the signature had a sensitivity of 84·4% (27/32) (95%CI: 66·5–94·1) (= the
percentage of patients at high molecular risk that had an adverse outcome) and a specificity
of 86·5% (192/222) (95%CI: 81·1–90·6) (= the percentage of patients at low molecular risk
that had a good outcome).

Blind validation of the multigene expression signature
In order to validate the multigene expression signature in a completely independent patient
cohort, 236 COG tumours were tested in a blind manner. The same signature as used for the
SIOPEN cohort identified COG patients who were at greater risk for progression, relapse, or
death. Multivariate logistic regression analysis showed that the signature was independently
statistically significant in a model adjusted for MYCN status, age, INSS stage, ploidy, INPC
grade of differentiation, and MKI. The signature was the only independent significant
predictor for PFS, with complete data for 139 controls and 70 cases. Patients at high
molecular risk had a greater risk for relapse or progression (odds ratio of 3·68 (95%CI:
2·01–6·71)). In terms of OS, there were not enough deaths to power the fit of a logistic
regression model with forced inclusion of all factors. Therefore, separate models testing the
signature with adjustment for one risk factor at a time were fit, with complete data for 74
controls and 37 cases. In each model comparing the signature to a given risk factor, the odds
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ratio of the expression signature always had a higher significance (smaller P-value) than any
other variable (Table 1b).

Discussion
Identification of more specific and sensitive markers for outcome prediction and response to
therapy is required in order to further improve the choice of risk-related therapy for children
with NB. Using a carefully selected set of 59 prognostic genes based on an innovative data-
mining strategy, we performed a gene expression study on the largest NB patient series to
date, covering 579 patients in total. Our robust prognostic multigene expression signature
was tested on a large set of SIOPEN tumours from uniformly treated patients and validated
on an independent set of COG tumours. The signature is a strong independent risk predictor,
able to identify patients with increased risk in the current risk groups.

Our study is unique in that a carefully selected set of only 59 genes was tested on a large
panel of 579 tumour samples, thus increasing statistical power and robustness through this
high patient/gene ratio. Several previous studies have attempted to identify prognostic
signatures in NB based on genome-wide mRNA expression profiles. However, an important
limitation of most published gene expression studies is the lack of statistical power due to
extremely low patient/gene ratio. As such, there are inherent but often overlooked statistical
issues, such as data over-fitting, unstable gene lists, and lack of study power.21

Consequently, for any small set of tumours, a gene classifier can be easily established, with
little or no utility if not validated on an independent patient cohort.

After having established and successfully tested our robust prognostic signature on the total
patient cohort, we next assessed the value of the signature in relation to the currently used
risk factors, using multivariate logistic regression analysis and survival analysis after
stratification of the patients based on the currently used risk factors. The signature
significantly discriminates patients in most of the clinical risk subgroups. Possible reasons
for absence of discrimination in some subgroups might be the relatively low number of
patients in these subgroups or not-sufficiently long follow-up times. Most importantly, the
multivariate analysis attributes independent significant value to the signature. Based on this
signature, patients with higher risk for death by disease can be identified (odds ratio of 19·32
(95%CI: 6·50–57·43)), indicating that our gene signature clearly outperforms the other risk
factors. This demonstrates the potential of this gene expression signature for improved
clinical management of NB patients.

Of further interest is that survival analyses within the groups of patients treated according to
the current European treatment protocols clearly demonstrate that the signature enables the
discrimination of patients with different disease outcome. This is an important finding,
especially within the current high-risk category of patients treated according to the HR-
NBL1 protocol, as currently no information on genomic aberrations or other factors is
available in order to identify a group of patients with worse outcome in this subgroup of NB
patients. Strikingly, all but one patient who achieved second complete response in this
subgroup were classified as having low molecular risk and had encountered late relapses
(median: 31·6, mean: 32·2 months) compared to the group of patients who did not achieve
second complete response of which all but two were classified as having high molecular risk
and had encountered early relapses (median: 10·0, mean: 13·6 months). Further, death from
disease also occurred earlier in the group of patients with high molecular risk (average: 12·3,
median: 9·6 months) compared to patients with low molecular risk (average: 27·1, median:
27·1 months). Consequently, patients with high molecular risk within this subgroup could be
the future candidates for new and hopefully more effective targeted therapies and some of
those with a low molecular risk might possibly be allowed for no transplant. On the other
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hand, patients who have a high molecular risk and who are currently treated with surgery
alone or mild chemotherapy might benefit from more appropriate therapies, i.e. according to
the current HR-NBL1 protocol.

An essential step in the validation procedure of our signature is its performance assessment
on an independent set of COG tumours whereby all analyses were performed blinded to
clinical and outcome data. Similar performance of the expression signature was observed,
indicating that the signature can yield reproducible results in independent patient cohorts.
Moreover, irrespective of possible confounding factors related to patient ethnicity, treatment
with other drugs, and RNA extraction with different standard operating procedures, the
success of this validation study also confirms the robustness of the signature. In comparison
to existing NB classifiers, our signature has comparable performance within the total cohort
of patients, but here, for the first time to our knowledge, the added value of the signature in
comparison to currently used risk stratification systems has been confirmed on a totally
independent set of tumours in a blind study.

In order to reduce the gene set to a smaller robust gene subset we used several methods
including Spearman’s rank correlation clustering and selection of one or two genes in each
gene cluster, top ranking univariate cox and logistic regression analyses and the rank
product method. Although similar classification performance could be obtained, the 59-gene
list always slightly outperformed the reduced lists.

Inspection of the genes being part of the signature reveals seven genes that have previously
been linked to NB biology (MYCN, NTRK1, ODC122) or have been proposed as positional
candidate genes including CAMTA123 and CHD524 on 1p, BIRC525,26 on 17q, and CADM1
(IGSF4)27,28 on 11q. Gene Ontology analysis of the signature and comparison of the gene
list with the super PCNA gene (proliferation signature) (unpublished data; Detours et al.)
revealed that only very few genes are involved in cell cycle regulation and proliferation.
This remarkable finding is in contrast to signatures in many other cancer entities (e.g. breast
cancer29) in which typically more than two thirds of the genes are implicated in
proliferation. In line with this, there appear to be very few genes involved in inflammation,
also typically seen in other cancers.30 Additional Gene Ontology analysis of the prognostic
gene list showed that genes implicated in neuronal differentiation such as PTN, NRCAM,
DPYSL3, SCG2, DDC, FYN, NTRK1, MAPT, PMP22, CHD5, and MTSS1, are enriched
amongst the genes higher expressed in low-risk tumours. Further scrutinizing of the
prognostic gene list and functional analyses might reveal genes that play a role in
neuroblastoma pathogenesis and therefore could serve as potential therapeutic targets or
point at pathways involved in cancer that could be targeted by new therapies.

Important features of the applied RT-qPCR quantification strategy for marker gene
expression analysis are speed, accuracy, cost-effectiveness, applicability in routine
laboratories, and requirement of minimal amounts of RNA. As the tumour sample size is
often very limited, the applied RNA amplification procedure offers great advantage to
accessibility of material for diagnostic and prognostic work-up. Another key success factor
of our strategy is the possibility of using universally applicable, quantifiable absolute
standards. These synthetic standards not only allow careful monitoring and correction of
inter-run variation but also enable the exchange of data between different laboratories,
irrespective of the use of a different PCR instrument or reagents. Further validation of this
strategy will enable the performance of large multicentre studies conducted at different sites
(unpublished data; Vermeulen et al.). An important critical issue of all gene expression
studies is RNA quality. The accuracy of gene-expression profiling might indeed be
influenced by this metric depending on the quantification method used, the number of genes
included in the classifier, expression differences, intra-group variability, and expression
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levels of the marker genes. Impact of RNA quality on gene-expression has extensively been
discussed in the literature and conflicting data exist. In order to not compromise the
conclusions of this study, we had stringent RNA quality and purity requirements and
excluded ~20% of the samples. Moving forward, further studies should evaluate the impact
of RNA quality on classification performance and establish a cut-off designating sufficient
quality for reliable class prediction. At the same, standard operation procedures should be
introduced to maximize the extraction and storage of high quality ribonucleic acids.

In conclusion, we established and validated a robust prognostic multigene expression
signature in the largest NB population till now. The signature can act as an independent risk
predictor enabling the identification of patients with increased risk in the current treatment
groups. Important advantages of this signature compared to previously published gene
expression classifiers are the need of smaller amounts of starting material, the lower number
of genes, higher cost-efficiency and speed of the quantification method, and the possibility
of cross lab data comparison. This study should form the basis for future investigations such
as large well-defined prospective studies with international collaboration. A further
challenge is the performance of an integrated analysis for determining the prognostic
performance of combining this expression signature with other genomic features of the
tumour including microRNA and gene copy number profiling and epigenetic markers along
with the currently used clinicobiological factors for risk stratification.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier and log-rank analysis for progression-free (a) and overall (b) survival of the
entire SIOPEN/GPOH cohort
* missing relapse date for one HR case
LR: low molecular risk
HR: high molecular risk
PFS: progression-free survival
OS: overall survival
(Legend: number of patients in predicted subgroups, between brackets: number of patients
with event)
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Figure 2.
Kaplan-Meier and log-rank analysis for progression-free (a) and overall (b) survival of the
stratified SIOPEN cohort according to currently used risk factors
* missing relapse date for one HR case
LR: low molecular risk
HR: high molecular risk
PFS: progression-free survival
OS: overall survival
(Legend: number of patients in predicted subgroups, between brackets: number of patients
with event)
Missing MYCN status for 1 HR case
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Figure 3.
Kaplan-Meier and log-rank analysis for progression-free (a) and overall (b) survival of the
stratified SIOPEN cohort according to treatment group
* missing relapse date for one HR case
LR: low molecular risk
HR: high molecular risk
PFS: progression-free survival
OS: overall survival
(Legend: number of patients in predicted subgroups, between brackets: number of patients
with event)
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Table 1

Multivariate logistic regression analysis

a. SIOPEN/GPOH cohort

backward-selected logistic regression model for PFS - entire cohort

variable (n = 257)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) <0·00012 3·96 (1·97, 7·97)

INSS stage (stage 4 vs. not stage 4) <0·00049 3·76 (1·79, 7·92)

backward-selected logistic regression model for OS - entire cohort

variable (n = 254)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) <0·0001 19·32 (6·50, 57·43)

INSS stage (stage 4 vs. not stage 4) 0·0016 4·84 (1·82, 12·91)

backward-selected logistic regression model for PFS - HR protocol

variable (n = 52)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) NS NA NA

INSS stage (stage 4 vs. not stage 4) 0·019 5·06 (1·30, 19·72)

backward-selected logistic regression model for OS - HR protocol

variable (n = 52)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) 0·0080 9·20 (1·80, 47·06)

backward-selected logistic regression model for PFS - INES protocol

variable (n = 122)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) 0·0080 5·30 (1·54, 18·23)

backward-selected logistic regression model for OS - INES protocol

variable (n = 120)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) 0·045 7·00 (1·04, 46·95)

b. COG cohort

backward-selected logistic regression model for PFS

variable (n = 209)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) <0·0001 3·68 (2·01, 6·71)

logistic regression models for OS with separate forced adjustment for variables

variable (n = 111)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) <0·0001 10·53 (4·00, 27·78)

age (≥ 18 months vs. < 18 months) NS NA NA
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logistic regression models for OS with separate forced adjustment for variables

variable (n = 111)* p-value odds ratio 95% CI on odds ratio

expression signature (high-risk vs. low-risk) <0·0001 7·14 (2·70, 18·87)

INSS stage (stage 4 vs. not stage 4) 0·015 3·52 (1·28, 9·71)

expression signature (high-risk vs. low-risk) 0·0048 4·81 (1·62, 14·29)

MYCN status (amplified vs. not amplified) 0·0084 4·93 (1·51, 16·13)

expression signature (high-risk vs. low-risk) <0·0001 7·19 (2·71, 18·87)

ploidy (diploid vs. hyperdiploid) 0·014 3·37 (1·28, 8·85)

*
Also tested in the model and removed for non-significance during the backward selection were age, MYCN status, ± INSS stage

CI: confidence interval

NS : not significant

NA : not analyzed

*
Also tested in the model and removed for non-significance during the backward selection were age, MYCN status, ploidy, MKI, INSS stage, and

grade of differentiation, in the order of removal from the model

*
insufficient number of death with MKI and grade of differentiation data
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