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Background: Ferroptosis-related genes are correlated with the prognosis of patients with neuroblastoma
(NB) remains unknown. This study aims to establish a prognostic ferroptosis-related gene model for
predicting prognostic value in pediatric NB patients.

Methods: The gene expression array and clinical characteristics of NB were downloaded from a public
database. Correlations between ferroptosis-related genes and drug responses were analyzed by Childhood
Cancer Therapeutics. The prognostic model was constructed by least absolute shrinkage and selection
operator (LASSO) Cox regression and was validated in NB patents from the ICGC cohort. The survival
analysis was performed by Cox regression analysis. single-sample gene set enrichment analysis (ssGSEA) was
used to quantify the immune cell infiltration correlation.

Results: Overall, 70 genes were identified as ferroptosis-related differentially expressed genes (DEGs) from
247 samples. Then, 13 ferroptosis-related genes were correlated with OS in the univariate Cox regression
analysis. Five prognostic ferroptosis-related DEGs (pFR-DEGs) (STEAP3, MAP1LC3A, ULK2, MTOR and
TUBEI), which were defined as the intersection of DEGs and prognostic ferroptosis-related genes, were
identified and utilized to construct the prognostic signature. The correlation between five pFR-DEGs and
drug responses was analyzed, and the box plots indicated that MTOR gene expression was highest, suggesting
that MTOR expression is related to progressive NB disease. The receiver operating characteristic (ROC)
curve showed that the model had moderate predictive power. The survival analysis indicated that the high-
risk group had poor overall survival (OS) (P=2.087x10™). Univariate and multivariate analyses identified the
risk score as a significant prognostic risk factor [P=0.003, hazard ratio (HR) =1.933]. Immune cell infiltration
correlation analysis showed that the high-risk group was related to more immune cells.

Conclusions: The present study indicated a difference in ferroptosis-related gene expression between low-
and high-risk NB patients. The ferroptosis-related signature could serve as a prognostic prediction tool.

Additionally, immune infiltration might play an important role in different risk groups for NB patients.
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Introduction

Neuroblastoma (NB) is the most common extracranial
solid tumor in infants and children (1,2), and the mortality
rate of NB is the third highest, behind leukemia and brain
tumors (2,3). The prognosis of patients with NB varies
widely. Through the NB risk classification system from
the Children’s Oncology Group (COG), the patients were
divided into low-, intermediate- and high-risk groups (4).
Over the past decades, despite intensive treatment, the
survival rates for high-risk children remain poor, with
a S-year survival rate of 40-50% (2,3,5-8). The main
treatment of NB is still in the form of multidisciplinary
combination. The COG protocol (A3961) showed
that patients with intermediate-risk NB who received
chemotherapy of cyclophosphamide, doxorubicin,
carboplatin, and etoposide had a 96% 3-year overall survival
(OS) (9). In high-risk NB, intensive chemotherapy is one
of the important approaches using a carboplatin/etoposide/
melphalan preparative regimen according to the COG
high-risk neuroblastoma protocol (ANBL 0532) (10). The
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biology and genetic basis of NB are currently being studied,
and the combination may be an advantageous therapeutic
approach. Therefore, considering the possibility of genetic-
related therapy for NB, there is an additional need for the
development of prognostic models.

Ferroptosis is a new nonapoptotic modality of cell death
that is iron-dependent and driven by the production of
lipid reactive oxygen species (ROS) (11-13). Ferroptosis
differs from apoptosis, pyroptosis, autophagy and other
forms of regulated cell death (14-16). Ferroptosis could
not be inhibited by the traditional inhibitors of apoptosis,
pyroptosis and autophagy (17). The main factors
contributing to ferroptosis were the iron metabolism
disruption, the production of free radical, the suppletion
of fatty acid and lipid peroxidation (18) and the ferroptosis
could be inhibited by iron chelators, antioxidant (13,17).
In recent years, because of the higher levels of iron in
neoplasms (19), ferroptosis has played an important role
in the occurrence and development of related tumors,
including pancreatic cancer, hepatocellular carcinoma,
breast cancer, and gastric cancer (20-24). A previous study
revealed that ferroptosis is an anticancer strategy in NB
using withaferin A, an anticancer agent (25). Geng et al.
found that knocking down ferroprotein, the sole iron export
protein, can accelerate ferroptosis (26). Similarly, some
researchers indicated that, because of inadequate ferritin
heavy chain (Fth), ferroptosis cell death results in NB
cells induced by erastin or RSL3 (27). Above all, studies
have provided evidence that ferroptosis genes might be
new therapeutic targets in NB. However, whether these
ferroptosis-related genes are correlated with the prognosis
of patients with NB remains unknown. Therefore, there
is an urgent need to analyze ferroptosis-related genes to
improve NB patient outcomes.

In the present study, the gene expression data and clinical
characteristics in NB from the Therapeutically Applicable
Research to Generate Effective Treatments (TARGET)
were analyzed, and ferroptosis-related differentially
expressed genes (DEGs) were used to construct a prognostic
multigene signature and explore the underlying mechanism.
We present this article in accordance with the TRIPOD

Transl Cancer Res 2024;13(7):3678-3694 | https://dx.doi.org/10.21037/tcr-24-269



3680

Table 1 Clinical characteristics of the NB patients

Characteristic TARGET ICGC
Gender, n (%)

Male 143 (57.4) 629 (56.9)

Female 106 (42.6) 476 (43.1)
Age (years), n (%)

<5 228 (91.6) 1,005 (91.0)

>5 21 (8.4) 100 (9.0)
INSS stage, n (%)

Stage 1 30(12) 90 (8.1)

Stage 2 0(0) 61 (5.5)

Stage 3 1(0.4) 92 (8.3)

Stage 4 216 (86.7) 806 (72.9)

Stage 4s 0(0) 54 (4.9)

Unknown 2(0.8) 2(0.2)
MYCN status, n (%)

Amplified 68 (27.3) NA

Not amplified 175 (70.3) NA

Unknown 6 (2.4) NA
Ploidy, n (%)

Diploid (DI =1) 63 (25.3) NA

Hyperdiploid (DI >1) 104 (41.8) NA

Unknown 82 (32.9) NA
Histology, n (%)

Favorable 37 (14.9) NA

Unfavorable 183 (73.5) NA

Unknown 29 (11.6) NA
Grade, n (%)

Differentiating 13 (5.2) NA

Undifferentiated or 170 (68.3) NA

poorly differentiated

Unknown 66 (26.5) NA
MKI, n (%)

High 52 (20.9) NA

Intermediate 55 (22.1) NA

Low 69 (27.7) NA

Unknown 73 (29.3) NA

NB, neuroblastoma; TARGET, Therapeutically Applicable
Research to Generate Effective Treatments; ICGC, International
Cancer Genome Consortium; NA, not applicable; INSS,
International Neuroblastoma Staging System; MYCN, v-myc
avian myelocytomatosis viral oncogene neuroblastoma derived

homolog; DI, DNA index; MKI, mitosis-karyorrhexis index.
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reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-269/rc).

Methods
Target dataset and clinical patient characteristics

The publicly available gene expression array of 249 NB
patients that was updated to August 24, 2020 was accessed
from the TARGET database (https://ocg.cancer.gov/
programs/target/data-matrix). The available corresponding
clinical data, including age, sex, MYCN status, and
histology, of 249 patients diagnosed with NB by pathology
were downloaded. The basic characteristics of the patients
used in the survival analyses are shown in 7able 1.

Then, the RNA-seq and clinical data of other 179
samples were downloaded from the International Cancer
Genome Consortium (ICGC) up to November 26, 2019
(https://dcc.icge.org/) to validate the model. The clinical
characteristics consisted of sex, age and stage (Zable I).

Thus, the current research was exempt from local ethical
review. The present study followed the TARGET data and
ICGC data access policies and publication guidelines. This
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Analysis of prognostic ferroptosis-related genes

In total, 259 ferroptosis-related genes were retrieved from
the FerrDb Database (28) and are provided in Table SI.
The DEGs were identified by the “limma” R package with
a false discovery rate (FDR) <0.05. “ggplot2” and “ggrepel”
were used to generate a volcano plot of DEGs. The
heatmap generated by the “pheatmap” R package was used
to describe the DEGs. Univariate Cox analysis was used to
screen for prognostically relevant ferroptosis-related genes.
The “Venn” package was used to detect and display the
overlapping prognostic DEGs. The prognostic DEG results
were entered to obtain processing functional annotation
with gene lists using the “clusterProfiler” package to
conduct Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses based on the
DEGs (llog2FCI >1, FDR <0.05). The heatmap was used
to show the intersection of prognostic DEGs. Forest maps
were used to generate the prognosis of DEGs. The protein-
protein interactions (PPIs) of the intersecting genes were
downloaded from the STRING database (29). The “igraph”
and “reshape2” packages were used to visualize correction
among prognostic DEGs.
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Correlations between prognostic fervoptosis-related genes
and drug responses

The patient tumors were implanted into immunodeficient
rodents to develop the patient-derived xenograft (PDX)
model, and PDX for Childhood Cancer Therapeutics
(PCAT) is a resource of childhood cancer PDXs that
provide genomic data and the correlation between
genes and drug responses (30). The correlation between
chemotherapy drugs used in NB patients, including
cyclophosphamide, doxorubicin, carboplatin, and etoposide,
and prognostic ferroptosis-related genes was analyzed by
PCAT. Progressive disease (PD) was defined in this study
as a >25% increase at the end of the study. Then, PD was
further divided into PD1 and PD2 based on the tumor
growth delay (T'GD) value. If the TGD value was <1.5,
the samples were defined as PD1; otherwise, they were
considered PD?2.

Development and validation of a prognostic ferroptosis-
related gene model

The prognostic model was constructed by the least absolute
shrinkage and selection operator (LASSO)-penalized Cox
regression analysis using the “glmnet” package of R to shrink
and choose variables further. Then, the risk score of patients
was calculated according to the expression level of each gene
and the corresponding Cox regression coefficient as follows:
sCOTe = @M (cach gene's expression x corresponding coefficient) (T e §2).
Subsequently, based on the median risk score values,
patients were stratified into high-risk (n=123) and low-
risk (n=124) groups. To evaluate the prognostic model,
tumor samples downloaded from ICGC were divided into
low- (n=90) and high-risk (n=89) groups based on the
median risk score. PCA and t-SNE using the “ggplot2” and
“Rtsne” packages, respectively, were utilized to verify the
distribution of different groups according to the expression
of genes. The “survival” and “survminer” packages were
used to analyze the survival between the high-risk and low-
risk groups. The receiver operating characteristic (ROC)
curves were plotted to assess the accuracy of the model with
the “timeROC” R package.

Immune-related analysis

The single-sample gene set enrichment analysis (ssGSEA)

was performed by the “limma”, “ggpubr” and “reshape2” R
packages to determine the infiltrating score of 16 immune
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cells and the activity of 13 immune-related pathways (table
available at https://cdn.amegroups.cn/static/public/ter-24-
269-1.xlsx).

Statistical analysis

All figures in the present research were evaluated using R
software (Version 4.2.0) and IBM SPSS 23.0. A two-tailed
P<0.05 was considered statistically significant except for
correlation analysis.

Results

Identification of prognostic ferroptosis-related DEGs
(pFR-DEGs) in the target cobort

In total, 249 samples were downloaded from the TARGET
Database. Then, two missing samples were deleted in
the following study. From the FerrDb database, 259
ferroptosis-related genes were downloaded (28) and are
provided in Table S1. Overall, 70 genes were identified as
terroptosis-related DEGs. Figure 1A4,1B shows that 37/70
ferroptosis-related DEGs were upregulated in the COG
high-risk group, while 33/70 were downregulated. Then,
13 ferroptosis-related genes were correlated with OS in
the univariate Cox regression analysis. The pFR-DEGs
were defined as the intersection of DEGs and prognostic
ferroptosis-related genes. The five pFR-DEGs (STEAP3,
MAPILC3A, ULK2, MTOR and TUBEI) were considered
crucial genes that play important roles in both NB and
ferroptosis (all FDR <0.05, Figure 24-2C, Table S2). The
pairwise correlations among the pFR-DEGs are shown in
Figure 2D. In addition, the PPI network and the correlation
among these genes are visualized in Figure 2E,2F.

Functional enrichment analysis of pFR-DEGs

The intersection genes were then analyzed by KEGG
pathway analyses and GO annotation to explore the
pathways and biological functions, including biological
processes (BP), cellular components (CC) and molecular
functions (MF). The GO analysis results suggested that the
genes were mainly enriched in late endosome, microtubule
and vacuolar membrane. The biological processes shown in
the results showed that autophagy and starvation response
had significant relevance to pFR-DEGs, including “vacuole

” o« ” o«

organization”, “response to starvation”, “macroautophagy”,

” o«

“response to nutrient levels”, “response to extracellular
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stimulus”, “cellular response to amino acid starvation”,
“response to amino acid starvation”, “autophagy of
mitochondrion”, and “mitochondrion disassembly and
autophagosome assembly”. In addition, the top 10 molecular
functions were presented as follows: protein kinase activity,
general transcription initiation factor binding and others
(Figure 3A4). Following enrichment analysis, the KEGG
pathways revealed that the genes were significantly enriched
in the “apelin signaling pathway”, “MTOR signaling
pathway”, “adipocytokine signaling pathway”, “p53
signaling pathway”, “ErbB signaling pathway” and “PD-L1
expression and PD-1 checkpoint pathway in cancer”
(Figure 3B).
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Correlations between the pFR-DEGSs and drug responses

Because the PCAT only included cyclophosphamide data,
the drug response correlation analysis was performed among
cyclophosphamide (CTX) and the 5 pFR-DEGs (Figure 4).
As shown in Figure 44, the median of the box plot produced
by PD2 was 1.54, and the median of PD1 was 1.76. The box
plot of MAPILC3A indicated that the median values were
10.45 and 5.08 in PD1 and PD2, respectively (Figure 4B).
In Figure 4C, the median ULK?2 expression in PD1 and PD2
was 7.33 and 5.06, respectively. Then, the median of the
box plot produced by the PD1 algorithm was 10.85, and the
median of PD2 was 7.38 in the MTOR gene (Figure 4D).
Finally, the median of the box plot produced by the PD1
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Figure 4 Correlations between DEGs and drug responses. CTX responses with STEAP3 (A), MAP1LC3A (B), ULK2 (C), MTOR (D) and
TUBEI (E). DEGs, differentially expressed genes; CTX, cyclophosphamide; PD, progressive disease.
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algorithm was 7.74, and the median of PD2 was 5.91 in the
TUBEI gene (Figure 4E). Therefore, the box plot of PD1 in
MTOR gene expression was in the highest position, which
indicated that MORT expression is related to PD1 in NB
patients compared with other pFR-DEGs. In addition, the
interquartile range (IQR) of the STEAP3 box plot generated
by PD1 was 0.38, indicating the smallest discrete degree of
expression in the drug response.

Establishment of a prognostic model

After LASSO regression analysis, a 5-gene signature was
identified in the prognostic model, which is listed as follows:
six-transmembrane epithelial antigen of the prostate 3
(STEAP3), microtubule associated protein 1 light chain
3 alpha (MAPILC3A), unc-51 like autophagy activating
kinase 2 (ULK?2), mechanistic target of rapamycin (MTOR)
and tubulin epsilon 1 (TUBEI) (Table S3). Then, patients
were classified into high-risk (n=123) and low-risk (n=124)
groups based on the median risk score (Figure 5A). In the
prognostic model, the Kaplan-Meier curve indicated that
the clinical outcome of patients in the high-risk group was
inferior to that of patients in the low-risk group (Figure 5B,
P<0.001). The areas under the curve (AUCs) for the 1-,
2- and 3-year survival rates were 0.672, 0.739 and 0.732,
respectively, according to the time-dependent ROC curves
(Figure 5C). Patients in the high-risk group had a higher
probability of death earlier than those in the low-risk
group, as shown in Figure 5D. The results of PCA and
t-SNE analysis indicated that the patient distribution of
the two different risk groups was located in two directions
(Figure SE,5T).

Independent prognostic value

The relationship between the risk model and clinical
characteristics was tested by univariate and multivariate
Cox regression to identify independent prognostic
predictors. MYCN status, ploidy, histology and risk score
were identified as significant risk factors in the univariate
analysis (Figure 64, all P<0.05). Then, the multivariate
analysis demonstrated that histology [P=0.006, hazard ratio
(HR) =4.446] and risk score (P=0.003, HR =1.933) were
significant prognostic factors (Figure 6B).

Validation of the prognostic signature

The samples downloaded from ICGC were screened, and
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179 samples were included in the validation, which were
categorized into low-risk (n=90) and high-risk (n=89) groups
based on the median risk score. The distribution of the two
different risk groups is shown in Figure 7A, and the survival
status of patients in the groups is shown in Figure 7B.
Survival analysis of the validation model indicated that
the patients in the high-risk group had a poorer prognosis
(Figure 7C). The AUCs of the 5 related genes were 0.612,
0.669 and 0.640, respectively (Figure 7D). Finally, the results
of PCA and t-SNE were similar to those of the prognostic
model (Figure 7E,7F). The relationship between the risk
score and clinical information was tested by univariate and
multivariate Cox regression. Risk score was identified as
significant risk factor in the univariate analysis (Figure 84).
Then, the multivariate analysis demonstrated that the risk
score (P<0.001, HR =3.084) was a significant prognostic
factor (Figure §B).

Immune cell infiltration correlation analysis

To further explore the correlation between the model and
immune microenvironment, ssGSEA was used to quantify
the enrichment scores of different types of immune cells,
associated pathways or functions. The results revealed that
the high-risk group was related to more immune cells,
such as interdigitating dendritic cells (iDCs), plasmacytoid
dendritic cells (pDCs), T follicular helper cells (Tths) and
T-helper 1 cells (Thl) (Figure 94). Moreover, the scores of
antigen presenting cell (APC) costimulation, CC chemokine
receptor (CCR), checkpoint, T-cell coinhibition, T-cell
costimulation and type I IFN response were significantly
higher in the high-risk group (Figure 9B).

Discussion

Despite advances in NB therapy in recent years, high-risk
NB patients still have a poor prognosis (31-33). Previous
studies reported that Fth can induce ferroptosis cell death
in NB, which provided new evidence for ferroptosis as a
therapeutic target for NB (27). The current study is the first
to construct a prognostic model related to ferroptosis genes
in pediatric NB patients.

Ferroptosis, a type of regulated cell death driven by
ROS, was discovered in 2012 (11,34-36). Ferroptosis has
previously been associated with clinical outcomes in glioma,
osteosarcoma, and breast cancer (37-39). The prognostic
model consists of 5 ferroptosis-related genes (STEAP3,
MAPILC3A, ULK2, MTOR and TUBEI). STEAP3 plays
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A P value Hazard ratio (95% ClI)
MYCN status ~ 0.023 1.718 (1.076-2.742)
Gender 0.628 0.896 (0.573-1.400)
Age 0.868 1.126 (0.276-4.590)
Ploidy 0.001 0.480 (0.308-0.751)
Histology <0.001  7.967 (2.909-21.816)
Risk score <0.001  2.649 (1.769-3.968)
B P value Hazard ratio (95% Cl)
MYCN status ~ 0.884 1.036 (0.642-1.673)
Ploidy 0.057 0.641 (0.406-1.013)
Histology 0.006  4.446 (1.521-12.996)
Risk score 0.003 1.933 (1.261-2.965)
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myelocytomatosis viral oncogene neuroblastoma derived homolog.

important in regulating iron metabolism (40). MAPILC3A
is part of LCS, which participates in the pathway of LC3-
associated phagocytosis that is one function for autophagy
protein (41-44). ULK2 and MTOR are autophagy-related
genes. As preview study, ULK2 is an autophagy inducer
gene, which was demonstrated that the overexpression of
ULK?2 inhibited the glioma cell growth (45). And the ULK
complexes can mediate MTOR signaling (46). MTOR, the
mechanistic target of rapamycin, participates in cell growth
and metabolism. Over the past decades, MTOR was found
to play a central role in autophagy (47). The TUBEI gene
is a member of the tubulin superfamily, which is important
for microtubule triplet formation of centrioles (48,49).
Ping et al. found that TUBEI, a prognostic ferroptosis-
related gene, is significant in skin cutaneous melanoma (50).
In the current study, TUBEI was proven as a prognostic
ferroptosis-related gene in NB. All of the above genes
are related to autophagy in ferroptosis. For the first time,
they had been combined to describe the prognosis in NB
patients. In the present study, we found that these genes
were associated with poor prognosis in NB, but the process

© Translational Cancer Research. All rights reserved.

of them remains to be evaluated.

The five ferroptosis-related genes and their potential
functions were analyzed by GO and KEGG enrichment
analyses. The GO analyses in the subsequent study
found that the cellular response plays an important role
in biological processes, including response to starvation,
response to nutrient levels, response to extracellular
stimulus and response to amino acid starvation. Ni et 4.
demonstrated that ferroptosis was induced by the iron-
starvation response (51). Similarly, some research noted that
activating the iron-starvation response was important for
the induction of ferroptosis (52). The molecular function
of GO analyses showed that protein kinases are activated in
ferroptosis, especially protein serine kinases. The protein
serine kinase belonging to the mitogen-activated protein
kinase family plays an important role in apoptosis (53).
KEGG enrichment analyses identified some signaling
pathways involved in ferroptosis in the present study. A
previous study revealed that p53 can regulate the ROS
response and ferroptosis (54-56), and the signaling pathway
of ferroptosis needs to be further elucidated.
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A P value Hazard ratio (95% ClI)
Age 0.051 4.657 (0.995-21.803)
Gender 0.342 0.765 (0.440-1.330)
Risk score <0.001 3.088 (1.754-5.439)

B P value Hazard ratio (95% CI)
Age 0.057  4.633 (0.955-22.481)
Risk score <0.001 3.084 (1.741-5.465)
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Figure 8 Independent prognostic value analysis in the ICGC cohort. (A) Univariate Cox regression analysis. (B) Multivariate Cox regression

analysis. ICGC, International Cancer Genome Consortium.

Based on the correlation between pFR-DEGs and drug
responses, we found that the expression of five related genes
was different upon disease progression. Cyclophosphamide,
an antitumor drug, induces ferroptosis by activating nuclear
factor E2-related factor 2 (NRF2) and heme oxygenase-1
(HMOX-1) expression (57). There is little relevant research
on CTX and ferroptosis. In our research, the expression
of MTOR was highest in PD1, suggesting that the CTX
response level of patients in PD1 might be correlated with
MTOR, but the result requires further validation.

Many studies have focused on the prognosis of high-risk
NB. The majority of familial NB is heritable in the ALK
or PHOX2B gene mutation (58-61). Pugh er /. found that
somatic mutations of genes are frequent by analyzing the
genome, whole-exome and transcriptome sequencing of
patients with high-risk NB (62). As in previous studies, the
amplification of MYCN correlates with poor prognosis in
high-risk disease (63). Many studies have been conducted on
the prognosis of NB, but the genetic basis of NB remains
largely unclear. The five genes identified for the prediction
of patient survival were used to establish a new prognostic

© Translational Cancer Research. All rights reserved.

model. The good predictive performance of the model was
demonstrated by Kaplan-Meier curves and AUC values.
After dividing patients into high- and low-risk groups by
the novel model, we used univariate and multivariate Cox
regression to reevaluate the survival prognosis. The forest
plot showed that prognostic indicators performed well in
independent survival indicators, including histology and
risk score. Therefore, the research data and method worked
well, and the model could predict the prognostic value for
NB patients.

Immune cell infiltration was explored between the
high- and low-risk groups. The results showed that more
immune cells were related to the high-risk group, including
iDCs, pDCs, Tth cells and Thl cells. In recent years,
immunotherapy has shown efficacy (64). A previous survey
showed that pDCs have therapeutic potential for high-risk
NB by activating the natural killer (NK) cell phenotype (65).
Similarly, Mou et 4/. found that Tth cells might promote
the maturation of B cells and play an important role in the
immune response in NB patients (66). Additionally, many
studies have focused on immune function, such as APC
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Figure 9 Comparison of ssGSEA scores between the high- and low-risk groups in TARGET. (A) The scores of 16 immune cells displayed

in boxplots. (B) The scores of 13 immune-related functions shown in boxplots. Adjusted P values are shown as follows: ns, not significant.
*, P<0.05, **, P<0.01, ***, P<0.001. ssGSEA, single-sample gene set enrichment analysis; TARGET, Therapeutically Applicable Research to

Generate Effective Treatments.
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costimulation, CCR, checkpoint, T-cell coinhibition, T-cell
costimulation and the type I IFN response, which might
provide potential immunotherapy for NB patients. The
current survey established a ferroptosis-related prognostic
model that might provide reliable information for NB
patients. However, there are still some shortcomings in the
present study. Retrospective data were used in our study,
and further prospective experimental verification is needed.
In addition, because of the small sample size, the HR of
the model ranged widely in uni- and multivariate Cox
regression. Lastly, due to the lack of clinical characteristics
in ICGC data, the validation of independent prognostic
value using ICGC data was weak. Hence, we will collect
a clinical database and increase the sample size in future
work.

Conclusions

In conclusion, the novel signature constructed by
ferroptosis-related genes and the risk score model might
be helpful for predicting prognosis and could improve
immunotherapy.
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