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Background: Lung adenocarcinoma (LUAD) is one of the most prevalent types of lung cancer (LC),
accounting for 50% of all LC cases. Despite therapeutic advancements, patients suffer from adverse drug
reactions. Furthermore, the prognosis of LC patients remains poor. Necroptosis is a novel mode of cell death
and is critically involved in regulating immunotherapy in patients. However, the correlation between the
necroptosis-related long non-coding RNA (IncRNA) (necro-related Inc) signature (NecroLncSig) and the
response of patients with LUAD to immunotherapy is unclear. This study developed a model using IncRINAs
to predict the prognosis of patients with LUAD.

Methods: We obtained the transcriptomic and clinical data of LUAD patients from The Cancer Genome
Atlas (TCGA) database. Next, we conducted a co-expression analysis to identify the necro-related Inc.
In addition, we constructed the NecroLncSig using univariate and least absolute shrinkage and selection
operator (LASSO) Cox regression analyses. Then we evaluated and validated the NecroLncSig using a
Kaplan-Meier (KM) survival analysis, receiver operating characteristic (ROC) curves, principal component
analysis (PCA), Gene Ontology (GO) enrichment analysis, a nomogram, and calibration curves. Finally, we
used the NecroLncSig to predict the responses of patients to immunotherapy.

Results: We constructed the NecroLncSig based on seven necro-related Inc. The patients were classified
into a high-risk group (HRG) and a low-risk group (LRG). The overall survival (OS) of patients in the
HRG was significantly poorer in the training, testing, and entire sets (P<0.05) than that of the patients in the

LRG. Univariate and multivariate Cox regression analyses demonstrated that the risk score could predict
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the OS of patients in an independent manner (P<0.001). Time-dependent ROC analysis demonstrated
that the area under the curve values of the NecroLncSig for 1-, 2-, and 3-year OS were 0.689, 0.700, and

0.685, respectively, for the entire set. Furthermore, the Tumor Immune Dysfunction and Exclusion (TIDE)

algorithm showed that the response of patients in the HRG to immunotherapy was better than that of

patients in the LRG.

Conclusions: Necro-related Inc can affect disease progression and patient prognosis. In addition, these

IncRNAs can be used to design therapeutic strategies, such as immunotherapy, to treat patients with LUAD.
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Introduction

Lung cancer (LC) is the major cause of cancer-related
deaths worldwide (1). Lung adenocarcinoma (LUAD) is one
of the most prevalent subtypes of LC (2). Advancements
in therapeutic approaches, such as surgery, radiotherapy,
molecular therapy, and immunotherapy, have improved the
clinical outcomes of patients with LUAD (3-6). However,
despite these advancements, LUAD remains one of the
most aggressive, rapidly progressing, and fatal types of
tumors. The overall survival (OS) of patients with LUAD is
<5 years (2,7,8). Therapeutic strategies for treating patients
with LUAD, including conventional chemotherapy and
target therapy, have frequent side effects and poor success
rates. Therefore, the identification of biomarkers to predict
the immune response and prognosis of patients with LUAD
is of great significance.

Necroptosis is a novel mode of programmed necrotic
cell death. It is regulated by receptor-interacting protein
1/3 (RIP1/3) and mixed lineage kinase domain-like protein
(MLKL) (9-12). Studies have shown that necroptosis is
significantly involved in the occurrence, development,
metastasis, and immune responses of cancers (13-15).
RIPK1- and RIPK3-dependent necroptosis downstream
of tumor necrosis factor receptor-1 mediates the
oligomerization and transportation of MLKL to the cell
membrane, causing cell expansion and ultimately cell
death (16). Furthermore, necroptosis is an inflammatory form
of cell death. Hence, it can induce a proinflammatory tumor
microenvironment (TME), thus promoting the malignant
transformation of cells and cancer progression (17).

Long non-coding RNAs (IncRNAs) are a type of RNA
more than 200 nucleotides in length (18). Mounting
evidence suggests that IncRNAs regulate gene expression
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at the chromatin, transcriptional, and posttranscriptional
levels (19-21). The IncRNA protein P53 (TP53)-regulated
inhibitor of necrosis under glucose starvation protects
tumor cells from necroptosis by inhibiting the thrombin
receptor agonist peptide/glycogen synthase kinase 3
beta/nuclear factor kappa B signaling pathway (22). In
hepatocellular carcinoma (HCC), low LINC00176 levels
induce the secretion of tumor suppressor microRNA-9
(miR-9) and miR-185, thereby disrupting the cell cycle and
inducing necroptosis (23). However, the involvement and
mechanism of necroptosis-related IncRNAs (necro-related
Incs) in the prognosis of patients with LUAD are unclear.
Thus, designing a necroptosis-based treatment strategy is
challenging.

In this study, we obtained the necro-related Inc data
of patients with LUAD from The Cancer Genome Atlas
(TCGA) database. First, we identified seven necro-related
Incs and established a novel prognostic model for LUAD
patients. Next, we performed Gene Ontology (GO)
enrichment analysis to screen for the pathways enriched in
patients in the high-risk group (HRG) and low-risk group
(LRG). Lastly, we constructed a nomogram and plotted
calibration curves to predict the OS of patients. We present
this article in accordance with the TRIPOD reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-24-627/xc).

Methods
Acquisition of data of patients with LUAD

We obtained the transcriptome, mutation, and clinical
characteristic data of patients with LUAD from TCGA
(https://portal.gdc.cancer.gov/) database. We reduced the
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statistical bias by eliminating the data of patients without
OS data. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Identification of necroptosis-related genes (NRGs) and
IncRNAs

We screened the following 14 NRGs from previous studies:
CASPS8, BIRC2, BIRC3, CYLD, EZH2, HMGBI, MLKL,
NDRG2, PGAMS, RIPK1, RIPK3, TRAF2, USP22, and
ZBPI (Table S1) (24-35). By utilizing the GTF annotation
files for human IncRNAs retrieved from the GENCODE
website (https://www.gencodegenes.org/, accessed on
September 13, 2021), a total of 14,057 IncRNAs were
identified from the TCGA-LUAD RNA sequencing (RNA-
seq) data. Subsequently, the Pearson correlation analysis
was conducted between the IncRNAs and NRGs, applying
a threshold of |Pearson RI >0.4 and P<0.001, to identify
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* Necroptosis-related long non-coding RNAs (necro-related Incs)
could affect disease progression and patient prognosis. Further,
these necro-related Incs could be used to design therapeutic

strategies, such as immunotherapy for treating patients with lung
adenocarcinoma (LUAD).

What is known, and what is new?

* Necroptosis is a recently identified form of cell death that plays a
crucial role in modulating immunotherapy in patients.

*  We developed a necro-related Inc signature (NecroLncSig) based
on seven necro-associated Incs. Patients were stratified into high-
risk group (HRG) and low-risk group (LRG). In the training,
testing, and entire sets, patients in the HRG exhibited significantly
poorer overall survival (OS) compared to those in the LRG
(P<0.05). Univariate and multivariate Cox regression analyses
confirmed that the risk score was an independent predictor of
OS (P<0.001). Time-dependent receiver operating characteristic
analysis revealed that the area under the curve values for the
NecroLncSig in predicting 1-, 2-, and 3-year OS were 0.689, 0.700,
and 0.685, respectively, across the entire set. Additionally, the
Tumor Immune Dysfunction and Exclusion algorithm indicated
that patients in the HRG had a more favorable response to
immunotherapy than those in the LRG.

What is the implication, and what should change now?

* The NecroLncSig can be used to predict the survival and response
of patients to immunotherapy and to screen patients with LUAD
who may respond to immunotherapy with high sensitivity.
Prospective studies need to be conducted in the future to validate
these findings.
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necro-related Incs. As a result, a total of 2,195 necro-
related Incs were identified (table available at https://cdn.
amegroups.cn/static/public/tler-24-627-1.xlsx).

Establisbment and validation of the necro-related Incs
signature (NecroLncSig)

We divided the patients from TCGA (entire set; n=504)
into training (n=252) and testing (n=252) sets. The
NecroLncSig was constructed based on the training set
and validated using the entire and testing sets. The clinical
characteristics of the patients are shown in Table S2. There
were no statistically significant differences between the
clinical characteristics of the patients in these three sets
(P>0.05). Of the 2,195 necro-related Incs, we identified
22 patient prognosis-associated IncRNAs using univariate
Cox regression analysis (Table S3). Next, we performed
least absolute shrinkage and selection operator (LASSO)
Cox regression analysis of the 22 necro-related Incs. Finally,
we identified seven necro-related Incs to establish the
NecroLncSig. The following formula was used to calculate
the risk score:

Risk score = coef (IncRNAI) x expr (IncRNAL)
+coef ( lncRNAZ) X expr (lncRNAZ) [1]
+...+coef (IncRNAn ) x expr (IncRNAn)

where “coef (IncRNAn)” represents the coefficient of the
IncRNAs, and “expr (IncRNAn)” represents the expression
of IncRNAs.

We classified LUAD patients in all the sets into the
HRG and LRG using the median risk score as the threshold
value. Next, we performed univariate and multivariate Cox
regression analyses to determine the independent variable
factors of the NecroLncSig. Finally, we determined the
specificity and sensitivity of the NecroLncSig using receiver
operating characteristic (ROC) curves.

GO enrichment analysis

We identified the differentially expressed genes (DEGs)
(table available at https://cdn.amegroups.cn/static/public/
tler-24-627-2 xlsx) between the HRG and LRG in the
entire set based on the following criteria: false discovery
rate <0.05 and llog,fold changel| >1. Next, we conducted
GO enrichment analysis to investigate the functions of
these DEGs. Functions with P values <0.05 were considered
significantly enriched.
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Figure 1 Schematic workflow of the study. LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas; IncRNA, long non-coding

RNA; OS, overall survival; PCA, principal component analysis; ROC, receiver operating characteristic.

Principal component analysis (PCA) and Kaplan-Meier
(KM) survival analysis

We performed PCA to reduce dimensionality and model
identification in both groups for the 14 NRGs, 22 necro-
related Incs, and entire gene expression profiles. Finally,
we constructed the NecroLncSig based on the expression
profiles of the seven necro-related Incs in patients from
TCGA. The differences in OS between the two groups
were determined by KM survival analysis using the
“survminer” and “survival” R packages.

Nomogram and calibration

We constructed a nomogram based on risk score, age,
tumor stage, and sex to predict the 1-, 3-, and 5-year OS of
patients with LUAD. Next, the Hosmer-Lemeshow test was
used to construct the correction curves to determine if the
predicted outcomes of the prognostic model were consistent
with the actual outcomes.

Investigation of immunotherapy

We used the “maftools” R package to calculate the tumor
mutational burden (TMB) based on the tumor-specific

© AME Publishing Company.

mutated genes. Next, we predicted the responses of patients
with LUAD to immunotherapy using the Tumor Immune
Dysfunction and Exclusion (TIDE) algorithm. The TIDE
algorithm captures two key mechanisms of immune evasion:
T cell dysfunction and T cell exclusion. A higher TIDE
score indicates a greater potential for tumor immune escape
and a poorer response to immunotherapy (36).

Statistical analyses

We examined the differences between the two groups
using the Student’s 7-test. Next, the OS of the patients was
determined by KM survival analysis, and the differences in
OS were assessed using the two-sided log-rank test. Finally,
the data were statistically analyzed using R version 4.1.1
(https://cran.r-project.org/). P value <0.05 was considered
statistically significant.

Results
Identification of necro-related Incs in patients with LUAD

Figure 1 shows the workflow used to construct the
NecroLncSig and perform the subsequent analyses. We
obtained the samples of 59 healthy subjects and 535 patients
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Figure 2 Necro-related Incs in patients with LUAD. (A) The Sankey diagram shows the 14 NRGs and 2,195 necro-related Incs. (B) The
heatmap shows the correlation between the 14 NRGs and 7 prognostic necro-related Incs. LncRINA, long non-coding RNA; necro-related

Incs, necroptosis-related IncRNAs; LUAD, lung adenocarcinoma; NRGs, necroptosis-related genes.

with LUAD from TCGA. We retrieved the expression
profile data of the 14 NRGs and 14,056 IncRNAs using
TCGA. The IncRNAs significantly associated with 1 or
more of the 14 NRGs (I Pearson R1 >0.4 and P<0.001) were
considered necro-related Incs. We identified 2,195 necro-

diagram. Figure 2B shows the correlation between the 14
NRGs and the 7 necro-related Incs in the NecroLncSig.

Constructing the NecroLncSig using the training set

related Incs. The necro-related Inc co-expression network
is shown in table available at https://cdn.amegroups.cn/
static/public/tler-24-627-3 xlsx. Figure 24 shows the Sankey

© AME Publishing Company.

The results of univariate Cox regression analysis showed
a correlation between 22 of the 2,195 IncRNAs and the
OS of the patients in the training set (Figure 34). We
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Figure 3 A risk model based on necro-related Incs in patients with LUAD. (A) Necro-related Incs associated with patient prognosis

were identified using a univariate Cox regression analysis. (B) The tuning parameters (log A) of the OS-related proteins were selected to

cross-verify the error curve. Perpendicular imaginary lines were drawn at the optimal based on the minimal criterion and 1-se criterion.

(C) LASSO coefficient profile of the 22 OS-related IncRNAs. Perpendicular imaginary lines were drawn at the values chosen using 10-fold

cross-validation. CI, confidence interval; necro-related Incs, necroptosis-related IncRNAs; IncRNA, long non-coding RNA; LUAD, lung

adenocarcinoma; OS, overall survival; 1-se, one standard error; LASSO, least absolute shrinkage and selection operator.

identified seven necro-related Incs (i.e., AL606489.1,
LINC02320, AC080023.1, OGFRPI, LINC02323,
LINC00941, and AC018647.1) in the training set using
LASSO Cox regression analysis. Finally, we constructed the
NecroLncSig based on these IncRNAs (Figure 3B,3C). The

following formula was used to calculate the risk score:

Risk score = AL606489.1x(0.0349) + LINC02320x(0.1001)
+AC080023.1x(0.1365) + OGFRP1x (0.4084)
+LINC02323(0.0630) + LINC00941x(0.0168)
+AC018647.1x(~1.0393)

Next, using the median risk score as the threshold,
we classified the patients in the training set into the
LRG (n=126) and HRG (n=126). The distribution of the
risk scores of the patients in the two groups is shown in
Figure 4A. The survival status and time of patients in the

© AME Publishing Company.

two groups are shown in Figure 4B. We observed an increase
in expression level of the risk IncRNAs (i.e., AL606489.1,
LINCO02320, AC080023.1, OGFRP1, LINCO02323, and
LINCO00941), as well as a decrease in the expression level
of the protective IncRNA AC018647.1 (Figure 4C). Finally,
the KM survival curve showed that the OS of patients in
the HRG was significantly worse than that of patients in the
LRG (P<0.001; Figure 4D).

Validating the NecroLncSig

To assess the prognostic significance of NecroLncSig, we
calculated the risk scores for patients in both the testing set
(n=252) and the entire set (n=504) based on necro-related
Inc expression. Patients from the testing set were classified
into HRG (n=124) and LRG (n=128), while patients from
the entire set were similarly categorized into HRG (n=250)
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Figure 4 Prognostic significance of the NecroLncSig in the training, testing, and entire sets. (A-L) The distribution, survival status,

heatmap of the clustering analysis of the seven necro-related Incs, and KM survival curves of the patients in the HRG and LRG from the

(A-D) training, testing (E-H), and entire (I-L) sets. NecroLncSig, necroptosis-related long non-coding RNA signature; necro-related Incs,
necroptosis-related IncRNAs; IncRINA, long non-coding RINA; KM, Kaplan-Meier; HRG, high-risk group; LRG, low-risk group.

and LRG (n=254). The distribution of risk scores, necro-
related Inc expression levels, survival status, and OSs of
patients are depicted in Figure 4E-4H for the testing set and

Figure 4I-4L for the entire set.

Independence of the NecroLncSig and clinical

characteristics of LUAD

We performed a stratified analysis to determine if the
NecroLncSig could predict the survival of patients with
similar clinical characteristics. In the entire set, the patients
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were classified based on clinical characteristics such as age
(265/<65 years), sex (female/male), T stage (T1+2/T3+4),
N stage (N0+1/N2+3), M stage (M0/M1), and clinical

stage (I + II/III + IV). The results demonstrated that the
NecroLncSig could classify patients based on age, sex,
tumor-node-metastasis, and clinical stage (NO+1, MO0, and

I + II, respectively) (Figure SA-5L). These results indicate

that the NecroLncSig can predict the OS of patients in an

independent manner.
Next, univariate and multivariate Cox regression analyses
were performed of age, stages, sex, and risk score. The
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Figure 5 Stratified analysis of the NecroLncSig. (A-L) KM survival curves of the patients in the HRG and LRG in the entire set are
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results revealed that the hazard ratio of the risk score was
1.952 [95% confidence interval (CI): 1.652-2.306; P<0.001]
(Figure 6A4) using univariate Cox regression and 1.944 (95%
CI: 1.631-2.318; P<0.001) (Figure 6B and Table S4) using
multivariate Cox regression.

Further, we conducted time-independent ROC curve
analysis to determine the sensitivity and specificity of
the NecroLncSig in predicting patient prognosis. The
conformance index and area under the curve (AUC) values
were calculated to assess the risk score. The AUC values
of the NecroLncSig for the 1-, 2-; and 3-year OS of the
patients were 0.724, 0.739, and 0.725, respectively; in the
training set, 0.659, 0.671, and 0.652, respectively, in the
testing set; and 0.689, 0.700, and 0.685, respectively, in the

© AME Publishing Company.

entire set (Figure 6C-6E). Therefore, the NecroLncSig was
able to independently predict patient prognosis with high
predictive significance.

PCA

We performed PCA to determine the distribution of the
14 NRGs, 22 necro-related Incs correlated with OS, the
entire gene set, and the NecroLncSig (Figure 74-7D) in the
patients in the two groups. Figure 7A-7C show the scattered
distribution of these NRGs, necro-related Incs, the entire
gene set, and the NecroLncSig in both the HRG and
LRG. The NecroLncSig was able to classify the patients
into the HRG and LRG, thereby indicating the significant
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differences between both groups (Figure 7D).

GO enrichment analysis and the ability of the
NecroLncSig to predict the response of LUAD patients to
immunotherapy

We determined the mechanism of the necro-related Incs
using GO enrichment analysis. The results demonstrated
that the DEGs were primarily enriched in enzyme activity
regulation and immune responses (Figure 84 and Table S5).
In addition, significant differences in the enrichment
of terms related to immune responses such as the type_
II_interferon response, human leukocyte antigen,
parainflammation, and major histocompatibility complex
class I, were observed in the HRG and LRG (Figure §B).
Furthermore, we examined the correlation between the
NecroLneSig and immunotherapy biomarkers. The

© AME Publishing Company.

results revealed that the response of patients in the HRG
to immunotherapy was better than that of patients in the
LRG, indicating that the NecroLncSig can predict patients’
responses to immunotherapy (P<0.05; Figure 8C).

Next, we determined the genetic differences between
the two groups. Figure §D,8E and table available at https://
cdn.amegroups.cn/static/public/tler-24-627-4.xIsx show
the mutation frequency (92.37) of the patients in the
HRG compared to those in the LRG (84.49). A significant
difference in TP53 (50% vs. 37%) and titin (45% vs. 36%)
mutations was observed in the patients in the two groups.
In addition, the PD-L1 expression and TMB of patients in
the HRG was significantly higher than that of patients in
the LRG (P=0.01, Figure 8F; P=0.02, Figure 8G and table
available at https://cdn.amegroups.cn/static/public/tler-24-
627-5 xlsx).

These results revealed a significant association between
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the TMB and risk scores. Finally, we evaluated the crosstalk
between the TMB and risk scores. The survival of patients
with a high TMB in the HRG was poor compared to that
of patients with a high TMB in the LRG. The survival of
patients with a low TMB in the LRG was better than that
of patients with a low TMB in the HRG (Figure 8H).

Constructing and evaluating nomogram

We constructed the nomogram based on the patients’ risk
scores and clinical characteristics, including age, tumor
stage, and sex, to predict the 1-, 3-, and 5-year OS of the
patients (Figure 9A4). The calibration curves showed that the
predicted and the observed OS were consistent (Figure 9B).

© AME Publishing Company.

Discussion

LC is the leading cause of cancer-related deaths worldwide
(7,37). Moreover, LUAD is among the most prevalent type
of LC in non-smokers (38). Immunotherapy is used to
treat patients with advanced non-small cell LC (NSCLC)
(39,40). However, only a few patients, specifically those
expressing programmed death-ligand 1 levels, benefit
from immunotherapy. Necroptosis is a programmed
necrotic cell death pathway and regulates the TME and
immunotherapy (41). Several studies have used the
NecroLncSig to predict patient prognosis (42-45); however,
to date, no study has used the NecroLncSig to predict the
survival outcomes of patients with LUAD.
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(A) GO enrichment analysis. (B) Differences in the enrichment of immune-related terms in patients in the HRG and LRG. (C) Differences
in the TIDE prediction in patients in the HRG and LRG. (D,E) The waterfall plot shows the gene mutations in patients in the HRG (D)
and LRG (E). (F,G) Differences in PD-L1 expression (F) and TMB (G) in patients in the HRG and LRG. (H) KM survival curves show
the OS stratified by both the TMB and risk score. *, P<0.05; **, P<0.01; ***, P<0.001. BP, biological progress; CC, cellular component;
ME, molecular function; IFN, interferon; HLA, human leukocyte antigen; APC, antigen-presenting cell; CCR, C-C chemokine receptor;
MHC, major histocompatibility complex; TIDE, Tumor Immune Dysfunction and Exclusion; TMB, tumor mutational burden; H-TMB,
high-TMB; L-TMB, low-TMB; GO, Gene Ontology; NecroLncSig, necroptosis-related long non-coding RNA signature; HRG, high-risk
group; LRG, low-risk group; KM, Kaplan-Meier; OS, overall survival.
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Figure 9 Construction and evaluation of the prognostic nomogram using the entire set. (A) The nomogram based on the age, sex, tumor

stage, and risk score could predict the 1-, 3-, and 5-year OS of patients with LUAD. (B) Calibration curves to determine the consistency in

the predicted and the actual 1-, 3-, and 5-year OS. OS, overall survival; LUAD, lung adenocarcinoma.

In this study, we constructed the NecroLncSig to
predict the prognosis and response of patients with LUAD
to immunotherapy. We retrieved 2,195 necro-related
Incs from TCGA and examined their ability to predict
patient prognosis. We also identified 22 necro-related Incs
significantly associated with patient OS. We constructed
the NecroLncSig based on seven necro-related Incs (i.e.,
AL606489.1, LINC02320, AC080023.1, OGFRPI,
LINCO02323, LINC00941, and AC018647.1). Of these
IncRNAs, studies have shown an increase in OGFRP1
expression levels in cancers, including endometrial
cancer (46) and cervical carcinoma (47). Further, reduced
OGFRP1 expression levels have been shown to attenuate
the malignant behavior of endometrial (46), cervical (47),
HCC (48), and gestational choriocarcinoma cells (49).
LINCO02323 regulates the proliferative and migratory
abilities of ovarian cancer cells and is associated with
transforming growth factor beta in ovarian cancer by
targeting miR-1343-3p (50). Moreover, LINC02323
sponges miR-1343-3p to promote the epithelial-

© AME Publishing Company.

mesenchymal transition and metastasis of LUAD cells (51).
LINCO00941 promotes tumorigenesis and metastasis. An
increase in LINCO00941 expression promotes the growth
and metastasis of HCC, LUAD, and gastric cancer (52-54).
"This is the first study to identify AL606489.1, LINC02320,
AC080023.6, and AC018647.1 as necro-related Incs in
LUAD.

We classified the LUAD patients into an HRG and
LRG based on the median risk score. The results revealed
that the OS of patients in the LRG was higher than that
of patients in the HRG. Univariate and multivariate Cox
regression analyses showed that the NecroLncSig was able
to independently predict patient prognosis. The ROC
curve showed that the performance of NecroLncSig in
predicting the survival outcomes of patients with LUAD
was better than that of conventional clinical characteristics.
In addition, the observed wvs. predicted rates of 1-, 3-, and
S-year OS rates of the nomogram were consistent.

These results demonstrated that the prognostic
significance of the NecroLncSig was high. Thus, the
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NecroLncSig could serve as a novel biomarker for LUAD.

The TMB is defined as the average number of somatic
mutations in the 1 Mb coding region of the genome
of tumor cells (55). Studies have reported a correlation
between a high TMB and the response of patients to
anti-cytotoxic T-lymphocyte-associated protein 4 and
programmed cell death protein 1 therapies in NSCLC and
uveal melanoma (56-58). This could be due to a higher neo-
antigen burden, which could trigger a higher antitumor
immune response (56,59,60). Our results showed that
the TMB of patients in the HRG was higher than that of
patients in the LRG, which suggests that patients in the
HRG could benefit from immunotherapy. Moreover, the
TIDE results revealed that the response of patients in the
HRG to immunotherapy was better than that of patients
in the LRG. These results suggest that the NecroLncSig
could be a reliable immune biomarker for cancer therapy.

This study has several limitations. First, the retrospective
design may introduce inherent biases that could affect
our results. Second, our findings have not been validated
with independent clinical datasets, which limits the
generalizability of the conclusions. Third, the molecular
mechanisms underlying the necro-related IncRNAs remain
incompletely understood. Lastly, the prognostic model’s
ability to predict patient outcomes and responses to
immunotherapy is currently theoretical. To address these
issues, future prospective studies are needed to validate and
strengthen these findings.

Conclusions

In conclusion, we constructed a novel NecroLncSig
to predict the survival and response of patients to
immunotherapy. Our prognostic model could be used
to identify patients with LUAD who may respond to
immunotherapy with high sensitivity.
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Supplementary

Table S1 Fourteen NRGs were included in this study
NRGs

CASP8
BIRC2
BIRC3
CYLD
EzZH2
HMGB1
MLKL
NDRG2
PGAMS
RIPK1
RIPK3
TRAF2
usp22
ZBP1

NRGs, necroptosis-related genes.

© AME Publishing Company. https://dx.doi.org/10.21037/tlcr-24-627



Table S2 Summary of the clinical characteristics of the patients in the training, testing, and entire sets

Entire set (n=504)

Testing set (n=252)

Training set (n=252)

Characteristics P value
Number Percentage Number Percentage Number Percentage
Age 0.4139
<65 years 238 47.22 125 49.60 113 44.84
>65 years 256 50.79 124 49.21 132 52.38
Not available 10 1.98 3 1.19 7 2.78
Sex 0.7887
Female 270 53.57 133 52.78 137 54.37
Male 234 46.43 119 47.22 115 45.63
Stage 0.729
Stage | 270 53.57 134 53.17 136 53.97
Stage Il 119 23.61 64 25.40 55 21.83
Stage IlI 81 16.07 37 14.68 44 17.46
Stage IV 26 5.16 13 5.16 13 5.16
Not available 8 1.59 4 1.59 4 1.59
T 0.1637
T 168 33.33 83 32.94 85 33.73
T2 269 53.37 141 55.95 128 50.79
T3 45 8.93 21 8.33 24 9.52
T4 19 3.77 5 1.98 14 5.56
Not available 3 0.60 2 0.79 1 0.40
M 0.8401
MO 335 66.47 160 63.49 175 69.44
M1 25 4.96 13 5.16 12 4.76
Not available 144 28.57 79 31.35 65 25.79
N 0.375
NO 325 64.48 158 62.70 167 66.27
N1 94 18.65 49 19.44 45 17.86
N2 71 14.09 39 15.48 32 12.70
N3 2 0.40 0 0 2 0.79
Not available 12 2.38 6 2.38 6 2.38
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Table S3 Twenty-two necro-related Incs were screened by

univariate Cox regression analysis

Necro-related Incs

AL606489.1
LINC02320
GSEC
AC080023.1
AC017033.1
AC087588.1
OGFRP1
LINC02323
LINC01352
AL513314.2
AC133785.1
AC004704.1
AC068228.1
LINC00941
ACO018647.1
LINP1
AC099850.3
LINC00707
AP005137.2
FAM83A-AS1
LINC02178
AC090541.1

Necro-related Incs, necroptosis-related INcRNAs; IncRNA, long

non-coding RNA.

Table S4 Univariate and multivariate Cox regression analyses of the NecroLncSig in the patients in the entire set

Univariate Cox regression analysis

Multivariate Cox regression analysis

Variables

HR HR.95L HR.95H P value HR HR.95L HR.95H P value
Age 1.0078896  0.9926512 1.0233621 0.3120008 1.013737004  0.998533356  1.029172144  0.076794309
Gender 1.1021575  0.8207537 1.4800436  0.5178335 1.004666349  0.744179504  1.356331996  0.975746196
Stage 1.6318863  1.4198626  1.8755709 5.32E-12 1.631219956  1.411060003 1.88573026 3.72E-11

Risk score 1.9520372 1.652148 2.3063608 3.85E-15

1.944316922  1.631044914  2.317758549 1.19E-13

NecroLncSig, necroptosis-related long non-coding RNA signature; HR, hazard ratio; HR.95L, low 95% confidence interval of HR; HR.95H,

high 95% confidence interval of HR.
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Table S5 GO enrichment analysis of the 269 DEGs

Ontology ID Description Gene ratio  Bg ratio P value P adjust q value Gene ID Count
BP GO0:0019730  Antimicrobial humoral response 12/207 122/18,723 1.08E-08 0.0000253  0.0000237  SFTPD/KRT6A/PI3/CXCL11/H2BC7/PRSS3/KLK7/PGC/S100A7/SLPI/WFDC12/WFDC5 12
GO0:0008544  Epidermis development 17/207 324/18,723 1.27E-07 0.0001487  0.0001393  ALOX15B/CD109/KRT17/LAMC2/KLK7/SPRR3/GJB5/SOSTDC1/KRT16/S100A7/COL7A1/EREG/LAMA3/USH1C/SPRR1B/COL17A1/KRT14 17
GO0:0010466  Negative regulation of peptidase activity 15/207 262/18,723 2.36E-07 0.0001778  0.0001666  SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/GPC3/WFDC5 15
GO0:0019731  Antibacterial humoral response 8/207 60/18,723  3.05E-07 0.0001778  0.0001666  SFTPD/PI3/H2BC7/KLK7/PGC/SLPI/WFDC12/WFDC5 8
GO0:0010951  Negative regulation of endopeptidase activity 14/207 252/18,723 8.64E-07 0.0004033  0.0003778  SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/WFDC5 14
GO0:0045861 Negative regulation of proteolysis 16/207 351/18,723 1.94E-06 0.0007549  0.0007071 SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINAS5/SLPI/IL1R2/WFDC12/SERPIND1/SERPINA4/GPC3/WFDC5 16
G0:0045109 Intermediate filament organization 5/207 25/18,723  6.98E-06 0.0023287  0.0021813  PKP2/KRT17/KRT20/DES/KRT14 5
G0:0042182  Ketone catabolic process 4/207 15/18,723  0.000018 0.0044028 0.0041242 HSD17B6/CYP4F11/CYP4F3/KYNU 4
G0:0045104  Intermediate filament cytoskeleton organization 6/207 51/18,723  0.0000202  0.0044028 0.0041242  PKP2/KRT17/KRT20/DES/KRT16/KRT14 6
GO0:0007586  Digestion 9/207 137/18,723  0.0000219  0.0044028 0.0041242  CHIA/PRSS3/VIL1/TFF1/TFF2/GCNT3/PRSS1/PGC/UCN3 9
GO0:0051346  Negative regulation of hydrolase activity 15/207 379/18,723  0.000022 0.0044028 0.0041242  SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/GPC3/WFDC5 15
G0:0045103  Intermediate filament-based process 6/207 52/18,723  0.0000226  0.0044028 0.0041242  PKP2/KRT17/KRT20/DES/KRT16/KRT14 6
G0:0051384  Response to glucocorticoid 9/207 148/18,723  0.0000404  0.0072494  0.0067907  FOSL1/AGTR2/FOSB/SCGB1A1/ABCC2/MSTN/BCHE/FAM107A/UCN3 9
GO0:0006959 Humoral immune response 13/207 317/18,723 0.0000546  0.0088699  0.0083087  SFTPD/KRTEA/PI3/CXCL11/H2BC7/PRSS3/KLK7/PGC/S100A7/C7/SLPI/WFDC12/WFDC5 13
G0:0052547  Regulation of peptidase activity 16/207 461/18,723  0.000057 0.0088699  0.0083087 SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/AGER/SLPI/WFDC12/SERPIND1/SERPINA4/GPC3/WFDC5 16
CcC GO0:0000786 Nucleosome 10/218 109/19,550 3.94E-07 0.000095 0.0000819  H2BC9/H2BC7/H2AC7/H4C4/H1-3/H2BC17/H1-4/H2AC13/H4C5/H1-5 10
G0:0044815 DNA packaging complex 10/218 117/19,550 7.63E-07 0.000095 0.0000819  H2BC9/H2BC7/H2AC7/H4C4/H1-3/H2BC17/H1-4/H2AC13/H4C5/H1-5 10
G0:0032993  Protein-DNA complex 11/218 199/19,550 0.0000151  0.0012551  0.0010824  H2BC9/H2BC7/H2AC7/H4C4/H1-3/H2BC17/H1-4/H2AC13/H4C5/H1-5/HMGA2 11
G0:0031225  Anchored component of membrane 10/218 170/19,550 0.0000217  0.0013532  0.001167 CD109/ITLN1/LY6D/CA4/LYPD3/GPIHBP1/MELTF/CPM/PSCA/GPC3 10
GO0:0042599  Lamellar body 4/218 17/19,550  0.0000319  0.0015907  0.0013718  KLK7/SFTPB/SFTPC/SFTPA1 4
GO0:0005903  Brush border 7/218 106/19,550 0.0001864  0.0077355  0.0066711  ITLN1/CA4/VIL1/ABCC2/CDHR5/USH1C/SLC15A1 7
G0:0016324  Apical plasma membrane 13/218 367/19,550 0.0002566  0.0091261 0.0078703 ECRG4/SLC26A9/CA4/PTPRH/UPK1B/CLIC5/SLC2A1/GPIHBP1/ZMYND10/ABCC2/CDHR5/AGER/SLC15A1 13
MF G0:0004867  Serine-type endopeptidase inhibitor activity 12/208 98/18,368 1.12E-09 4.39E-07 3.82E-07 SERPINB4/SERPINB3/CD109/PI3/SERPINB5/COL7A1/SERPINAS5/SLPI/WFDC12/SERPIND1/SERPINA4/WFDC5 12
GO0:0030414  Peptidase inhibitor activity 15/208 187/18,368 3.61E-09 7.08E-07 6.16E-07 SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/GPC3/WFDC5 15
G0:0004866 Endopeptidase inhibitor activity 14/208 180/18,368 1.81E-08 2.36E-06 2.06E-06 SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/WFDC5 14
G0:0061135  Endopeptidase regulator activity 14/208 194/18,368 4.67E-08 4.57E-06 3.98E-06 SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/WFDC5 14
GO0:0061134  Peptidase regulator activity 15/208 230/18,368 5.87E-08 0.0000046  4.01E-06 SERPINB4/SERPINB3/CD109/PI3/CST4/VIL1/SERPINB5/COL7A1/SERPINA5/SLPI/WFDC12/SERPIND1/SERPINA4/GPC3/WFDC5 15
GO0:0008201  Heparin binding 9/208 166/18,368 0.0001177  0.0076885  0.0066892  LPL/LAMC2/CXCL11/REG4/SERPINA5/MSTN/SERPIND1/RSPO3/ADAMTS8 9
G0:0071723  Lipopeptide binding 3/208 10/18,368  0.000162 0.0082167  0.0071488 CD1E/CD1A/CD1C 3
GO0:0070330 Aromatase activity 4/208 25/18,368  0.0001677  0.0082167 0.0071488  CYP3A5/CYP4F11/CYP4F3/CYP4B1 4

GO, Gene Ontology; DEGs, differentially expressed genes; BP, biological progress; CC, cellular component; MF, molecular function.
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