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Abstract
Background: The issue of relationship between necroptosis and lncRNAs has been a controversial subject
within cancer-related research. Currently, the exact role of necroptosis and lncRNAs exerted in breast
cancer (BC) remains to be discovered. Therefore, the necroptosis-related lncRNAs in BC are explored in
this study.

Methods: BC transcriptome data were obtained from the TCGA (The Cancer Genome Atlas) database to
create synthetic matrices. Analysis approaches of univariate Cox regression and co-expression were
combined to identify necroptosis-related prognostic lncRNAs. Then multivariate Cox regression and
Lasso approaches were performed to acquire necroptosis-related lncRNAs, from which the predictive
necroptosis-related lncRNA signature was constructed. Next, calibration curves, the time-dependent
receiver operating characteristics (ROCs), ,and a nomogram were obtained, and the Kaplan-Meier analysis
was performed to verify and evaluate the proposed model. Besides, the risk groups were analyzed with
the Gene Set Enrichment Analyses (GSEA). Finally, these groups were studied by immune analysis to
obtain the predicted half-maximal inhibitory concentration (IC50).

Results: A model was proposed based on 10 necroptosis-related lncRNAs, and the calibration plots
accorded well with the predicted prognosis. For the 1-, 3-, and 5-year prognosis, the area under the ROC
curve (AUC) values were 0.71, 0.729 and 0.707 respectively. GSEA identi�ed that the functions of target
genes located primarily in immunity, metabolism, as well as tumor occurrence and development. The
remarkable differences in IC50 and gene expression between risk groups gave a signi�cant insight for
further systemic treatments. Besides, higher macrophage scores were found in the high-risk group, in
which the patients were more sensitive to conventional chemotherapy drugs (such as AKT inhibitor VIII
and saracatinib) and anti-CD80, TNF SF4, and CD276 immunotherapies.

Conclusion: The prognosis of BC patients can be independently predicted by the predictive signatures,
which shines new insights on further exploration of how necroptosis-related lncRNAs exactly works in BC
and clinical treatments of BC.

1. Introduction
Breast cancer (BC) ranks �rst in incidence and second only to lung cancer in mortality among common
tumors in women, posing a great threat to female health. Recent years have witnessed great
improvement in the survival of BC patients. However, the truth is that some patients still have a poor
prognosis, and the incidence is increasing year by year1. Therefore, tools that are predictive to BC
prognosis are essential to guide clinical diagnosis and treatment. As of today, BC prognosis in clinics
relies heavily on evaluations of clinicopathological features, including age, lymph node metastasis, size
of the tumor, and histological grades. According to PAM50, there are �ve molecular subtypes of BC,
namely luminal A, luminal B, normal-like, basal-like, and Her2-enriched BC2, and these �ve subtypes vary
signi�cantly in terms of their prognosis3,4. What’s more, even BC patients of the same molecular subtype
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and clinical representations show varied prognosis outcomes and responses to chemotherapy or
immunotherapy5, suggesting that the prognosis of BC and response of BC patients to treatment could be
in�uenced by subtle factors.

Necroptosis is a form of programmed cell death that can be inhibited by necrostain-1 (Nec-1), which is a
mode of death regulated by death signaling, and presents necrosis-like structural characteristics6.
Speci�cally, necroptosis depends on several enzymes, namely the MLKL, RIPK1, and RIPK37, and is
correlated to the pathogenesis of a variety of diseases as well as the pathogenesis of tumors. More
particularly, tumor extravasation and migration could be promoted by necroptosis. One pathway of such
promotion is associated with the mediation of expressed amyloid under which the tumor cells induce
necroptosis in the endothelial cells via DR6 on the latter cells8. Besides, when genetically inactivated,
RIPK3 or TNFR1 may alleviate the clinical symptoms of cancer and colitis, suggesting that necroptosis
with active RIPK3 can promote the occurrence of chronic in�ammation and colorectal cancer9,10.

Literature has veri�ed that long noncoding RNAs (lncRNAs) can function in cell proliferation, cell
differentiation as well as the genetic regulation of gene expression11. More speci�cally, certain lncRNAs
were found to release miRNAs that are capable to downregulate the expression of target mRNAs, making
hepatocellular carcinoma cells undergo necroptosis. Besides, research has revealed that some lncRNAs
can promote tumor in�ammation and evasion of immune destruction12. Despite these �ndings, studies
on necroptosis-related lncRNAs remain inadequate, especially for BC.

In this study, the necroptosis-related lncRNAs in BC were identi�ed and clari�ed for their roles in prognosis
and the tumor microenvironment (TME). To �gure out the potential mechanisms, we, therefore, carried out
gene enrichment analyses (KEGG and GO).

2. Materials And Methods

2.1 Identi�cation of Necroptosis-Related lncRNAs
Several RNA transcriptome datasets (HTSeq—FPKM) and their relevant clinical information were obtained
from The Cancer Genome Atlas (TCGA) database (https:// portal.gdc.cancer.gov/) to construct the
synthetic data matrices of BC and normal breast tissues. The total number of normal and BC breast
tissue samples obtained was 113 and 1109, respectively. Samples with a follow-up time < 30 days were
excluded during screening. All the original data used in this study were downloaded from TCGA and
complied with the TCGA publication guidelines
(http://cancergenome.nih.gov/abouttcga/policies/publicationguidelines); therefore, ethics approval was
not needed.

2.2 Screening of LncRNAs and Necroptosis-Related Genes
LncRNA data were derived from the RNA seq dataset. Log2 transformation was used to standardize the
total RNA expression data. The list of all necroptosis-related genes was acquired from the KEGG
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database (https://www.kegg.jp/entry/hsa04217), and the “limma” package was implemented to correlate
necroptosis-related genes with lncRNAs. If an lncRNA demonstrated a correlation coe�cient |R2|>0.3 with
p < 0.001, then it was considered a necroptosis-related lncRNA. LncRNA-mRNA correlations were
calculated by the Pearson method and a correlation coe�cient |R2|>0.3 with p < 0.01 was adopted as an
indicator of a correlation between a speci�c pair of lncRNA and mRNA. Finally, Cytoscape v3.7.2 was
applied to visualize the lncRNA-mRNA co-expression networks.

2.3 Functional Enrichment Analysis of Necroptosis-Related
Genes
If a differentially expressed gene (DEG) was to be considered necroptosis-related, it must satisfy two
screening criteria: a |log 2-fold change (FC) > 1| and a false discovery rate (FDR) < 0.05. These two criteria
were adopted in the subsequent GO and KEGG analyses in the “ggplot2” package (Fig. 1).

2.4 Identi�cation of Prognostic Necroptosis-Related
lncRNAs
In the beginning, a series of necroptosis-related lncRNAs that are associated with BC prognosis were
identi�ed via univariate Cox regression analysis. Subsequently, Lasso and multivariate Cox regression
analyses were implemented to further identify necroptosis-related lncRNAs to construct the predictive
signature for these lncRNAs with the following computational formula:

risk score = ∑n
i=1∗(Coefi∗xi)

Where Coef stands for the coe�cient, and x re�ects how much the selected necroptosis-related lncRNAs
have expressed. With this equation, a risk score could be obtained for each BC patient, and the patients
may be assigned into either high-risk or low-risk groups based on their median risk scores13,14. The
survival of the two groups was compared by a log-rank test.

2.5 Development of a Prognostic Model
The independent prognostic model was constructed with Cox regression, and patient survival was
predicted with a nomogram. Model accuracy was evaluated with the concordance index (C-index),
calibration curves, and receiver operating characteristic (ROC) curves. Finally, the multivariate Cox
regression analysis integrated the demographic data to investigate whether the risk score is an
independent indicator of BC prognosis.

2.6 Functional Analysis
The functional enrichment data of gene expressions were interpreted via gene set enrichment analysis
(GSEA, http://www.broadinstitute.org/gsea/index.jsp)15. A prognostic value was assigned to the
functional enrichment of each necroptosis-related lncRNA, and the top 5 necroptosis-related GO and
KEGG pathways were visualized.
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2.7 Clinical Investigations of the TME, Immune
Checkpoints, and the Model
To help improve the immunotherapy of BC, Limma, GSVA, GSEABase, ggplot2, and ggpubr R packages
were implemented to evaluate the different expressions of 47 immune checkpoint genes in 29 types of
immune cells in the assigned risk groups14. IC50 differences were assessed by "PRRopheti" and other R
packages in both risk groups for improvements in BC chemotherapy16.

2.8 Statistical Analysis
All statistical analyses were performed using R software (Version 4.1.2). Wilcoxon test was implemented
to analyze the expression of necroptosis-related DEGs in normal and BC tissue samples. In order to form
a predictive signature, the correlations between overall survival (OS) and necroptosis-related lncRNAs
were investigated by univariate Cox regression analysis, followed by screening for necroptosis-related
lncRNAs with multivariate Cox analysis. The OS values of both risk groups were studied by the log-rank
test and the Kaplan-Meier method. The ROC curves and AUC values were obtained by applying the
“survivalROC” package.. All statistical tests were bilateral, and p < 0.05 was considered statistically
signi�cant.

3. Results

3.1 Identi�cation of Prognostic Necroptosis-Related
LncRNAs
14,142 lncRNAs were identi�ed from TCGA-COAD, in which 1098 were necroptosis-related. More
speci�cally, associations with BC prognosis were found in 56 of these 1098 lncRNAs. Lasso Cox
regression analysis revealed 16 necroptosis-related lncRNAs that are connected to BC prognosis (Fig. 2),
while multivariate Cox regression analysis revealed only 10. Speci�cally, AL606834.2, SEMA3B-AS1,
AL731571.1, OTUD6B-AS1, BAIAP2-DT, Z68871.1, EGOT, AL136531.1, LINC01871, and AL122010.1 were
combined to build a predictive signature (Table 1). The overall risk score was calculated by the following
equation (in which the names of the lncRNAs represent their corresponding expression levels): risk score
= (-0.216 × AL606834.2) +(-0.074 × SEMA3B-AS1) +(-0.318 × AL731571.1) +(0.049×OTUD6B-AS1) +
(-0.051×BAIAP2-DT) +(0.448 × Z68871.1) +(-0.091 × EGOT) +(-0.380 × AL136531.1) +(-0.253 ×
LINC01871) +(-0.244 × AL122010.1).

The Cytoscape software and R software packages of ggalluvial and ggplot were implemented to
visualize the lncRNAs. The co-expression network and linear correlation plots contained 39 pairs lncRNA-
mRNA (Fig. 3 and Fig. 4, |R2|>0.3, p < 0.001). 10 lncRNA-mRNA linear correlation plots were included in our
study (Fig. 3). From the Sankey diagram, in terms of the nature of the prognostic factors, two lncRNAs
(OTUD6B-AS1 and Z68871.1) were harmful, and the remaining ones (AL606834.2, SEMA3B-AS1,
AL731571.1, BAIAP2-DT, EGOT, AL136531.1, LINC01871, and AL122010.1) were favorable (Fig. 4). 
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Table 1

Results of multivariate Cox analysis of the lncRNAs
based on TCGA COAD data.

LncRNA Coe�cient HR 95%CI of HR

AL606834.2 -0.216 0.806 0.610–1.065

SEMA3B-AS1 -0.074 0.929 0.870–0.992

AL731571.1 -0.318 0.727 0.499–1.060

OTUD6B-AS1 0.049 1.050 0.989–1.115

BAIAP2-DT -0.051 0.950 0.900-1.004

Z68871.1 0.448 1.565 1.095–2.236

EGOT -0.091 0.913 0.812–1.026

AL136531.1 -0.380 0.684 0.458–1.020

LINC01871 -0.253 0.776 0.676–0.892

AL122010.1 -0.244 0.783 0.650–0.994

3.2 The Prognostic Effect of the Constructed Signature
Results showed a signi�cant correlation between the established risk score and the OS of BC patients,
with the low-risk group exhibiting longer OS (p < 0.001, log-rank test) (Fig. 5). Cox regression results
suggested that the risk scores have marked prognostic effects for BC patients (Fig. 6).

3.3 Clinical Signi�cance of the Proposed LncRNA Signature
The univariate Cox regression analysis results suggested a signi�cant correlation between age, disease
stages (T, N & M), the risk scores and the OS of BC patients (Fig. 7(a)). Furthermore, the multivariate Cox
regression analysis revealed that for BC patients, risk scores and age were two independent predictors of
OS (Fig. 7(b) and Table 2). Besides, the risk score demonstrated an AUC of 0.719, which was more
favored compared to clinicopathological variables when predicting BC prognosis (Fig. 7(c)). The AUCs of
1, 3, and 5-year survival curves were 0.71, 0.729 and 0.707, respectively, suggesting that the predictive
performance was satisfactory (Fig. 7(d)). Moreover, the two risk groups varied signi�cantly in their
clinicopathological variables among all disease stages studied (p < 0.05) (Fig. 7(e) and Table 3). 
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Table 2
Risk scores and clinical characteristics of BC (analyzed with multivariate Cox

regression).
Variable B SE Z HR HR95L HR95H Pvalue

Age 0.032 0.008 4.224 1.032 1.017 1.048 < 0.001

Gender -0.277 1.011 -0.274 0.758 0.105 5.499 0.784

Stage 0.430 0.267 1.614 1.538 0.912 2.593 0.107

T -0.040 0.155 -0.256 0.961 0.709 1.302 0.780

M 0.764 0.437 1.748 2.146 0.912 5.051 0.080

N 0.170 0.154 1.104 1.185 0.877 1.601 0.270

Risk score 0.449 0.060 7.550 1.567 1.395 1.761 < 0.001

In order to produce more accurate predictions of BC prognosis, a nomogram was constructed, in which
the risk score and clinicopathological variables were included to predict the 1, 3, and 5-year BC prognosis
(Fig. 8(a)). The calibration curves were highly consistent with the actual and predicted OS rates at these
aforementioned time periods (Figs. 8(b-d)). 
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Table 3
Clinical effects of the risk score signature (as

identi�ed by the TCGA-COAD data).
Risk score

clinical n Mean SD t P

Age          

> 65 222 1.601 1.181 1.92 0.056

≤ 65 642 1.429 1.06    

Gender          

Female 835 1.475 1.097 0.49 0.634

Male 11 1.347 0.855    

Stage          

I-II 661 1.386 1.039 -3.92 < 0.05

III-IV 203 1.757 1.217    

T          

T1-2 739 1.437 1.056 -2.07 0.04

T3-4 125 1.687 1.28    

M          

M0 848 1.468 1.098 -1.40 0.181

M1 16 1.774 0.864    

N          

N0 422 1.388 1.052 -2.24 0.025

N1-3 442 1.555 1.128    

3.4 Functional Analysis.
178 KEGG pathways and 5375 GO terms were obtained for the functional analysis. The GO terms
indicated that the necroptosis-related lncRNAs were concentrated in signal transduction, metabolism, and
immune-related regulations (Fig. 9(a)). On the other hand, KEGG pathways of the lncRNAs were focused
in malignant tumor formation, autoimmune diseases, metabolic diseases, metabolism, signal
transduction, etc. (Fig. 9(b)). Furthermore, the gene sets were also revealed to be signi�cantly correlated
with vital pathways of tumorigenesis and cancer progression. For example, WNT and VEGF signaling
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pathways, as well as the tumor necrosis factor receptor were closely related to cancer invasion and
metastasis.

3.6 Immune Cell In�ltration
In this section, the enrichment scores of GSEA were quanti�ed for various immune cell subgroups to
reveal deeper about the correlations between immune cells and risk scores. All the cells showing
signi�cant expression differences between the risk groups are displayed in Fig. 10.. Speci�cally, only
macrophages exhibited a higher score in the high-risk group, suggesting that these cells are more
functionally active in this group.

3.7 Correlations Between the BC Therapy and the Predictive
Signature
CD80, TNFSF4, and CD276 expressions were remarkably higher in the high-risk group, suggesting that
patients with a high-risk predictive signature may exhibit the potential to respond to anti-CD80, TNFSF4,
or CD276 immunotherapies (Fig. 11(a)). Besides, the high-risk group demonstrated lower IC50 values of
AKT inhibitor VIII, Saracatinib, Bicalutamide, Imatinib, Lapatinib, Linsitinib, and Pazopanib (Figs. 11(b-h))
but a higher IC50 value of Methotrexate (Fig. 11(i)) than the low-risk group, which provided more insights
on developing new individualized treatment schemes for BC patients.

4. Discussion
BC is the predominant malignant tumor that endangers female physical and mental health. BC incidence
has been rising year by year, and the tendency for rejuvenation is obvious, presenting an urgent need for
an accurate tool to predict BC prognosis for improvements in clinical diagnosis and treatment.
Necroptosis occurs under the mediation of death receptors and their ligands when the apoptotic
pathways are inhibited17. In cancer, necroptosis plays complex roles, especially in cancer development
and progression18. As of today, no previous reports have attempted to predict BC prognosis by
constructing predictive signatures based on necroptosis-related lncRNAs.

In this study, a co-expression network of necroptosis-related genes and lncRNA was implemented to
screen the necroptosis-related lncRNAs. Furthermore, Cox and Lasso regression analyses were
implemented to reveal 10 prognostic necroptosis-related lncRNAs, namely AL606834.2, SEMA3B-AS1,
AL731571.1, BAIAP2-DT, EGOT, AL136531.1, LINC01871, AL122010.1, OTUD6B-AS1, and Z68871.1.
These lncRNAs may serve as the potential therapeutic targets and prognostic molecular markers for BC
patients. Besides, several mRNAs (e.g. BCL2, BIRC3, CFLAR, CHMP2A, CHMP4A, CHMP4C, JMJD7a, and
TRPM7) were also found to signi�cantly co-express with these lncRNAs.

Three necroptosis-related lncRNAs (SEMA3B-AS1, EGOT, OTUD6B-AS1) were revealed to be cancer-
associated. Speci�cally, an upregulation of SEMA3B-AS1 was found in hepatocellular carcinoma (HCC)
and the overexpression of the lncRNA may promote PTEN expression, which could in turn inhibit the
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proliferation of hepatocellular carcinoma cells. Besides, SEMA3B-AS1 is also a prognostic marker for
HCC19. Firstly, previous research has shown that SEMA3B, miR-6872-5p, and SEMA3B-AS1 may impose
tumor-suppressive effects in the tumorigenesis of gastric cardia adenocarcinoma. Moreover, these
molecules may also be used as potential markers in predicting the survival and prognosis of gastric
cardia adenocarcinoma patients20. Secondly, EGOT upregulation is marked in gastric cancer (GC), and
such upregulation is related to the TNM stages and lymphatic metastasis. In addition, siRNA-mediated
EGOT knockdown could provide a marked inhibition on GC cell proliferation and arrest cell cycles in the
G1 phase. As an oncogene in GC, EGOT could be adopted as a convincing biomarker for GC diagnosis
and prognosis21. Thirdly, OTUD6B-AS1 was found to be downregulated in thyroid carcinoma (TC) tissues,
and its expression is correlated with size of the tumor size, clinical stages, and the lymphatic metastasis
of TC. Besides, OTUD6B-AS1 overexpression demonstrated a signi�cant and negative correlation with the
viability as well as the migration and invasion capabilities of TC cells22.

The three necroptosis-related lncRNAs (BAIAP2-DT, LINC01871, Z68871.1) can be used as markers for the
prognosis of BC, but the pathogenesis of BC has not yet been studied in depth23. As for the other 4
lncRNAs (AL606834.2, AL731571.1, AL136531.1, AL122010.1), no previous studies have been published
about their prognostic roles in cancer.

In this study, 10 necroptosis-related lncRNAs were used to construct a signature model that can predict
BC prognosis with satisfactory prediction performance. Speci�cally, compared to the predicted high-risk
group, the predicted low-risk group exhibited longer OS, which had been revealed in previous studies. The
AUC values corresponding to 1, 3, and 5-year survival were 0.71, 0.729 and 0.707, respectively, indicating
some potential in the constructed risk score signature to predict survival. Besides, according to the results
of univariate and multivariate Cox analyses, the constructed signature is an independent prognostic
indicator. C-index results, ROC curves, and calibration curves suggested that the model proposed in this
study exhibited good precision and accuracy, demonstrating the model’s potential as a predictive tool for
BC patients.

Functional enrichment analysis found that the identi�ed necroptosis-related prognostic lncRNAs were
enriched in signal transduction, metabolism, immune-related regulations as well as the formation of
malignant tumors. Furthermore, the gene sets were revealed to be correlated to tumorigenesis and cancer
progression, which has provided more information about the mechanisms of the effects of necroptosis-
related lncRNAs. Previous studies have suggested that necroptosis signaling may involve in the
proliferation and migration of BC cells. Speci�cally, the key components of necroptosis signaling were
identi�ed to correlate signi�cantly with the pathological and clinical parameters of BC, and such
correlations were present regardless of TNM stages and pathological subtypes; therefore, necroptosis
activation could be a common phenomenon along with BC development. In addition, necroptosis
activation was well correlated with TNFα expression, and TNFα is a key pro-in�ammatory factor that
recruits immune cells to tumors. In a word, necroptosis signaling pathways are endogenous protective
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pathways in human systems, and these pathways are activated to counter tumor malignancy,
representing a potential target for BC therapy24.

Subsequent GSEA results showed that the high-risk group exhibited higher macrophage scores. Previous
studies have revealed that tumor-associated macrophages (TAMs) can promote tumorigenesis in the BC
microenvironment. In BC models, preclinical TAMs were found to possibly stimulate the tumor cell
growth,, invasion, and metastasis of BC while inducing resistance against multiple treatments25.

Besides, this study also showed that high-risk patients as identi�ed by the proposed model are possibly
more sensitive to anti-CD80, TNF SF4, or CD276 immunotherapies and conventional chemotherapy drugs
(including AKT inhibitor VIII, Saracatinib, Bicalutamide, Imatinib, Lapatinib, Linsitinib, and Pazopanib)
while being more resistant to methotrexate, suggesting that these BC patients can bene�t from the
individualized and precise combination of immunotherapies and chemotherapies.

However, this research still exhibit certain limitations. First, data from other databases are needed to
perform external validation on our predictive signature for its applicability. Second, the action
mechanisms of the necroptosis-related lncRNAs in BC still need more investigations.

5. Conclusions
In summary, the proposed necroptosis-related lncRNA signature is capable to predict BC prognosis as an
independent indicator and provide insights about the possible action mechanisms of these lncRNAs in
BC and the patients’ responses to clinical treatment, but further experimental veri�cation is still needed.

Abbreviations
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LASSO Least Absolute Shrinkage and Selection Operator

K-M Kaplan-Meier

IC50 The half-maximal inhibitory concentration

HR Hazard ratio

Nec-1 Necrostain-1

RIPK1 Receptor-interacting serine/threonine protein kinase 1

RIPK3 Receptor-interacting serine/threonine protein kinase 3

miRNA MicroRNA

TME Tumor microenvironment

FDR False discovery rate

FC Fold change

BP Biological process

MF Molecular function

iDCs Immature dendritic cells

pDCs Plasmacytoid dendritic cells

Tfh T follicular helper

Th1 T helper type 1

TIL Tumor in�ltrating lymphocyte

Treg T regulatory cell

ns Non-signi�cant
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Figure 1

KEGG and GO analyses of necroptosis-related DEGs in BC and normal tissue samples. (a)Volcano plot of
18 necroptosis-related genes in BC. Blue and red dots represent down-regulated and up-regulated genes,
respectively. (b) The expression levels of 18 necroptosis-related genes in BC and normal tissues. (c) KEGG
analysis of necroptosis-related DEGs. (d) GO analysis of necroptosis-related DEGs. fdr: false discovery
rate; MF: molecular function; FC: fold change; BP: biological process.
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Figure 2

Lasso-based selection of necroptosis-related lncRNAs. (a) Lasso coe�cients of the 16 necroptosis-
related lncRNAs in BC, where the optimal log (lambda) value is marked by vertical dashed lines. (b) Lasso
coe�cient pro�les.
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Figure 3

Linear correlation plot of necrosis-associated lncRNAs and mRNAs.
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Figure 4

The Sankey diagram and co-expression network of necroptosis- and prognosis-related lncRNAs.(a) The
co-expression network between the necroptosis-related genes (sky-blue round nodes) and prognostic
lncRNAs (red diamond nodes) in BC. Network visualized by Cytoscape v3.7.2. (b) The Sankey diagram.
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Figure 5

The KM survival curves of two risk groups based on 10 necroptosis-related lncRNAs.
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Figure 6

Necroptosis-related lncRNA signatures for BC patients. (a) The risk scores of the two risk groups. (b) The
patients’ survival time. (c) Heat map of the expression of the ten lncRNAs. As the color shifts red, the
expression level becomes higher.
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Figure 7

The correlation between BC prognosis and the proposed predictive signature . (a) The Forest plot for
univariate Cox regression analysis. (b) The Forest plot for multivariate Cox regression analysis. (c) The
ROC curve of the clinicopathological variables and the risk scores. (d) ROC curves and corresponding
AUCs at 1, 3 and 5-year survival with the predictive signature. (e) The distribution heat map of the
clinicopathological variables and ten prognostic lncRNAs in the two risk groups. 
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Figure 8

Nomogram construction and veri�cation. (a) A nomogram combining risk scores and clinicopathological
variables. (b-d) Calibration curves between the actual and predicted OS rates at 1, 3 and 5 years. 
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Figure 9

Functional analysis results for necroptosis-related lncRNAs. (a) GO; (b) KEGG.
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Figure 10

The scores of immune in�ltrating cells in the two risk groups.

The GSEA algorithm was used to calculate the in�ltration of the 16 immune cells in the two risk groups. *
p<0.05; ** p<0.01; *** p<0.001; ns, non-signi�cant.
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Figure 11

Sensitivity to treatment drugs in both risk groups.(a) CD80, TNF SF4, and CD276 expressions in the two
risk groups. (b) IC50 of AKT inhibitor VIII in the two risk groups. (c) IC50 of AZD0530 (Saracatinib) in the
two risk groups. (d) IC50 of Bicalutamide in the two risk groups. (e) IC50 of Imatinib in the two risk
groups. (f) IC50 of Lapatinib in the two risk groups. (g) IC50 of OSI.906 (Linsitinib) in the two risk groups.
(h) IC50 of Pazopanib in the two risk groups, (i) IC50 of methotrexate in the two risk groups. 


