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Abstract
Background: Previous studies have determined that necroptosis-related genes are 
potential biomarkers in head and neck squamous cell carcinoma (HNSCC). Herein, we 
established a novel risk model based on necroptosis-related lncRNAs (nrlncRNAs) to 
predict the prognosis of HNSCC patients.
Methods: Transcriptome and related information were obtained from TCGA database, 
and an nrlncRNA signature was established based on univariate Cox analysis and least 
absolute shrinkage and selection operator Cox regression. Kaplan–Meier analysis and 
time-dependent receiver operating characteristic (ROC) analysis were used to evalu-
ate the model, and a nomogram for survival prediction was established. Gene set 
enrichment analysis, immune analysis, drug sensitivity analysis, correlation with N6-
methylandenosin (m6A), and tumor stemness analysis were performed. Furthermore, 
the entire set was divided into two clusters for further discussion.
Results: A novel signature was established with six nrlncRNAs. The areas under the 
ROC curves (AUCs) for 1-, 3-, and 5-year overall survival (OS) were 0.699, 0.686, and 
0.645, respectively. Patients in low-risk group and cluster 2 had a better prognosis, 
more immune cell infiltration, higher immune function activity, and higher immune 
scores; however, patients in high-risk group and cluster 1 were more sensitive to 
chemotherapy. Moreover, the risk score had negative correlation with m6A-related 
gene expression and tumor stemness.
Conclusion: According to this study, we constructed a novel signature with nrlncRNA 
pairs to predict the survival of HNSCC patients and guide immunotherapy and chemo-
therapy. This may possibly promote the development of individualized and precise 
treatment for HNSCC patients.
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1  |  INTRODUC TION

Head and neck squamous cell carcinoma (HNSCC) is one of the most 
common tumors with sixth leading incidence and appears in multiple 
organs, including the oral cavity, oropharynx, hypopharynx, and lar-
ynx.1–3 Smoking, alcoholism, and human papillomavirus infection in-
crease the risk,4–6 and patients with HNSCC display a propensity for 
high recurrence and low survival rates.1,7 The estimated 5-year survival 
rate of patients who systematically underwent multiple treatments, 
including surgery, chemotherapy, radiotherapy, immunotherapy, tar-
geted therapy, and combination therapy, remains low, at 50%.8–10 To 
assist in diagnosis and prediction and formulate personalized treat-
ment plans, it is crucial to develop new biomarkers for accurately pre-
dicting the prognosis of HNSCC patients.

Necroptosis is a programmed necrotic cell death process that de-
tects pathogens and promotes tissue repair.11 According to compel-
ling evidence, necroptosis-related genes are involved in metabolizing 
tumor cell biological processes and the tumor microenvironment 
(TME) by activating RIPK1 and RIPK3 and influencing related signal-
ing pathways.12–14 Moreover, an in vivo experimental model identi-
fied necroptosis as a potential cancer promoter in HNSCC.15

Long noncoding RNAs (lncRNAs), conservative noncoding 
RNAs of more than 200 nucleotides without a protein-coding 
ability, play a crucial role in regulating biological processes.16,17 
Previous studies have determined that lncRNAs promote aerobic 
necroptosis and reprogramming in cancers15,18; nevertheless, the 
relationship between lncRNAs and necroptosis in HNSCC remains 
further explorations. Therefore, we constructed a nrlncRNAs 
prognostic risk model to predict the prognosis of HNSCC patients 
and provide a guide for clinical diagnosis and treatment.

2  |  METHODS AND MATERIAL S

2.1  |  Downloading head and neck squamous cell 
carcinoma patient gene expression and clinical data

The RNA sequencing (RNA-seq) transcriptome data of HNSCC pa-
tients were retrieved from The Cancer Genome Atlas (TCGA)-HNSC 
dataset of TCGA (https://portal.gdc.cancer.gov/), consisting of 502 
HNSCC tumor samples and 44 normal samples (last accessed: 1 
February 2022). Transcriptome data were downloaded as fragments 
per kilobase million (FPKM). HNSCC-associated clinical information 
was also obtained, including age, sex, tumor grade, tumor stage, dis-
tant metastasis, lymph node metastasis, overall survival (OS) status, 
and survival value. Moreover, to reduce the potential statistical bias 
in this analysis, patients without OS values or a short OS (<30 days) 
were excluded. Moreover, patients of the TCGA-HNSC set were then 
randomly divided into the training risk group and test risk group at a 
ratio of 1:1.

2.2  |  Expression of necroptosis genes and 
related lncRNAs

Eight necroptosis-related genes were extracted by screening the 
necroptosis gene set M24779.gmt in the Gene Set Enrichment 
Analysis (GSEA) database (http://www.gsea-msigdb.org/gsea/
index.jsp), and 59 other genes were obtained in accordance with pre-
vious studies.18 After preparing the lncRNA expression annotation 
information downloaded from the Ensembl website, the differen-
tially expressed lncRNAs were distinguished from the TCGA-HNSC 
dataset, and the correlation network of 67 genes and related lncR-
NAs was established by the use of Strawberry Perl and R software. 
Subsequently, necroptosis-related lncRNAs (nrlncRNAs) were iden-
tified with the criteria of |Pearson R| > 0.4 and p < 0.001 selected by 
Pearson correlation analysis.

2.3  |  Establishment and validation of the nrlncRNA 
pair prognostic model

The nrlncRNAs related to survival in the TCGA-HNSC dataset 
were identified by univariate Cox proportional hazards regression 
analysis when the p value was less than 0.05. After selecting the 
eligible nrlncRNAs, least absolute shrinkage and selection operator 
(Lasso) Cox regression analysis was performed with 10-fold cross-
validation and a p value of 0.05 to identify the nrlncRNAs for risk 
models. The analysis was run for 1000 cycles to prevent overfit-
ting, and a predictive risk model was constructed with eligible nrl-
ncRNAs through a previous formula: Risk score = Σ coefficient of 
(nrlncRNAi) * expression of (nrlncRNAi). Then, the HNSCC patients 
in TCGA set were divided into low- and high-risk groups according 
to the median risk score, and the differences in OS between these 
two groups was compared using the log-rank test and Kaplan–
Meier (KM) survival analysis.

The survival receiver operating characteristic (ROC) curves 
(1-year's, 3-year's, and 5-year's, respectively) and their areas under 
the curves (AUCs) were assessed to assess the efficacy of predic-
tion, comparing with other clinical characteristics. A nomogram for 
survival prediction was investigated according to the risk score and 
clinical features, which were determined by both univariate and mul-
tivariate Cox regression analyses.

2.4  |  Gene set enrichment analysis

We performed GSEA in accordance with the assisted gene set 
(kegg.v7.4.symbols.gmt) via GSEA version 4.2.1  software. The 
respective top 5 pathways in the low- and high-risk groups were 
selected based on the criteria of p < 0.05 and false discovery rate 
(FDR) < 0.25.

https://portal.gdc.cancer.gov/
http://www.gsea-msigdb.org/gsea/index.jsp
http://www.gsea-msigdb.org/gsea/index.jsp
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2.5  |  Exploration of immune factors and the tumor 
microenvironment

The immune infiltration statuses were analyzed via the tools 
XCELL, TIMER, QUANTISEQ, MCP-counter, EPIC, CIBERSORT, and 
CIBERSORT-ABS according to the profile of infiltration estimation 
for all TCGA tumors in the TCGA database and are shown as a bub-
ble diagram.19 Additionally, the differences in infiltrated immune 
cells, immune functions, and immune checkpoints between the low- 
and high-risk groups were compared and analyzed by the Wilcoxon 
signed-rank test. Moreover, the TME scores for each sample, includ-
ing stromal, immune, and ESTIMATE scores, were determined by 
using the “estimate” package.

2.6  |  Association between the risk model and 
clinical treatment

The half-maximal inhibitory concentration (IC50) of each HNSCC 
patient was used to evaluate the chemotherapy response between 
the low- and high-risk groups by the use of the “pRRophetic” pack-
age. Four common chemotherapy drugs were analyzed and com-
pared, including cisplatin, paclitaxel, docetaxel, and gemcitabine. 
The IC50 values were considered as statistical differences between 
the low- and high-risk groups when the p value was less than 0.05 
assessed by Wilcoxon signed-rank test.20

2.7  |  Correlation analysis of the risk model, N6-
methyladenosine (m6A)-related genes and stem cell-
like features

The differences in the expression of m6A-related genes (including eight 
writers, 13 readers, and two erasers) between the low- and high-risk 

groups were compared using the Wilcoxon signed-rank test. The re-
sults were considered as statistically significant differences while the 
p < 0.05. Moreover, Spearman correlation analysis was conducted to 
measure the relationship between the risk score and tumor stemness.21

2.8  |  Clusters based on prognostic nrlncRNAs

The exploration of potential molecular subgroups responding to im-
munotherapy was investigated by using the “ConsensusClusterPlus” 
package based on prognosis-related nrlncRNA expression.22 
Subsequently, K-M survival analysis, principal component analysis, 
t-distributed stochastic neighbor embedding, and immune analysis 
were conducted in clusters for further exploration.

3  |  RESULTS

3.1  |  Study design and nrlncRNAs in head and neck 
squamous cell carcinoma patients

The flow diagram of the study design is shown in Figure  1. After 
downloading the information from the TCGA database, we retrieved 
the expression of 67 necroptosis-related genes and 694 nrlncRNAs 
(correlation coefficient > 0.4 and p < 0.001) from the gene expres-
sion matrix. There were totally 502 HNSCC and 44 normal samples 
in TCGA-HNSC dataset. Subsequently, with the criteria of |log2 fold 
change (FC)| > 1 and p < 0.05, we finally obtained 325 differentially 
expressed nrlncRNAs, consisting of 299 upregulated and 26 down-
regulated nrlncRNAs. The network diagram of the interaction rela-
tionship between genes and lncRNAs was shown in Figure 2A. A 
heatmap (Figure 2B) and volcano plot (Figure 2C) were generated to 
visualize the differential expression of nrlncRNAs between normal 
and tumor samples.

F I G U R E  1 Flow diagram of study design
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3.2  |  Construction and verification of the nrlncRNA 
risk model

A total of 29 nrlncRNAs were found to be correlated with OS ac-
cording to the univariate Cox regression analysis. As shown in the 
univariate Cox forest map (Figure  2D) and heatmap (Figure  2E), 
10 nrlncRNAs were considered poor prognostic factors for 
HNSCC patients (hazard ratio, HR > 1); nevertheless, the remain-
ing nrlncRNAs decreased the risks. In addition, according to the 
Sankey diagram (Figure  2F), all 29 nrlncRNAs were upregulated 
in HNSCC patients. Subsequently, Lasso regression analysis of 
these 29 nrlncRNAs was conducted to establish a prognostic 
signature. Referring to the expression of lncRNAs and the mul-
tivariate Cox regression coefficients (Figure  2G,H), we finally 

selected six nrlncRNAs to develop the prognostic model. The risk 
scores of HNSCC patients were calculated according to the fol-
lowing formula: Risk score  =  (0.337588384400314 × MIR4435-
2HG expression)  +  (0.283858521856574  ×  AC099850.3 
expression)  −  (1.12521676716484  ×  AC243829.2 ex-
pression)  +  (0.308541566204014  ×  LNCOG  expression) ​
−  (1.27420875481311 × CDKN2A-DT expression) ​ −  (3.16615220
608828 × SAP30L-AS1 expression).

According to the risk score system, the patients from the TCGA-
HNSC dataset were divided into low- and high-risk groups (Figure 3A–
C) and were compared in terms of survival status, time, and expression 
(Figure 3D–L), with the results indicating that patients in the high-risk 
group display worse prognoses. Additionally, the related clinical data, 
including age (Figure 4A,B), gender (Figure 4C,D), grade (Figure 4E,F), 

F I G U R E  2 Expression of necroptosis-related lncRNAs (nrlncRNAs) in TCGA-HNSCC dataset and development of a nrlncRNAs prognosis 
signature. (A) The network of genes and nrlncRNAs; (B) Heatmap and (C) volcano diagram of differentially expressed nrlncRNAs; (D) Forest 
plot showing the prognostic value of 29 nrlncRNAs; (E) Heatmap of expression profiles of 29 prognostic nrlncRNAs; (F) Sankey diagram of 
necroptosis genes and nrlncRNAs; (G) Cross-validation plot for the penalty term; (H) Diagram for LASSO expression coefficients



    |  5 of 12HUANG et al.

and stage (Figure 4G–N), also supported the results. The AUC value 
of the risk model was 0.699 (Figure 4O), which was significantly more 
greater than that of clinical features, including age (0.555), gender 
(0.503), grade (0.540), and stage (0.547; Figure 4P).

In addition, the independence of the risk model along with 
several clinical features, including age, gender, grade, and stage, 
was assessed. According to univariate (Figure  5A) and multivari-
ate Cox regression analyses (Figure 5B), the HR values of the risk 
score were 1.427 (95% CI: 1.291 to 1.579) and 1.397 (95% CI: 1.262 
to 1.546), respectively. Moreover, the analysis showed that age 
(HRuni-Cox = 1.019 and HRmulti-Cox = 1.019) and stage (HRuni-Cox = 1.416 
and HRmulti-Cox = 1.441) appeared to be two independent prognos-
tic parameters influencing the final prognosis. According to the 

comprehensive landscape of the risk score and independent clinical 
factors, a nomogram was built for predicting HNSCC patients' 5-year 
survival probability (Figure 5C). A high degree of consistency was 
determined between the actual observations and nomogram predic-
tions in terms of the 1-, 3-, and 5-year survival rates according the 
calibration plot (Figure 5D).

3.3  |  Gene set enrichment analysis

Gene set enrichment analysis was conducted to investigate the dif-
ferences between the low-  and high-risk groups in the entire set. 
As shown in Figure  6A, the top 5  Kyoto Encyclopedia of Genes 

F I G U R E  3 Prognosis value of the 6 nrlncRNAs model. A (train), B (test), C (entire), (K-M) survival curves of overall survival (OS); D (train), 
E (test), F (entire), Exhibition of nrlncRNAs model; G (train), H (test), I (entire), Survival time and survival status; J (train), K (test), L (entire), 
Heatmaps of 6 nrlncRNAs expression
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and Genomes (KEGG) pathways in both groups were selected 
and showed high correlation with tumor invasion and immunity. 
Referring to the analysis of these 10 pathways, all p values were less 
than 0.05, FDRs were less than 0.25, and |NESs| were > 1.5.

3.4  |  Correlations of the risk score with immune 
factors and the tumor microenvironment

There were various immune cells negatively associated with the risk 
score based on the analysis by various platforms (e.g., B cells, CD4+ T 
cells, CD8+ T cells, and macrophages in TIMER), suggesting that the 

low-risk group had a higher immune infiltration status (Figure 6B). 
The boxplot suggested that CD8+ T cells, iDCs, Tfh cells, Th2 cells, 
and TILs were more enriched in the low-risk group and that mac-
rophages were more enriched in the high-risk group. Concerning the 
single-sample GSEA for immune cell and immune functions, the low-
risk group had more related immune functions than the high-risk 
group, including checkpoint, cytolytic activity, HLA, inflammation 
promoting, T-cell coinhibition, and T-cell costimulation (Figure 6C). 
The low-risk group had a higher immune score and lower stromal 
score than the high-risk group; nevertheless, there were no signifi-
cant differences between the two groups in the ESTIMATE score 
(Figure  6D). Furthermore, the immune checkpoint results also 

F I G U R E  4 Relationship between risk model and clinical characters. (A–M, K–M) survival curves of overall survival (OS) prognostic value 
in the entire set; (N) Heatmap of correlation between risk model and clinical characters; (O) 1-, 3-, and 5-year ROC curves of the entire sets; 
(P) 1-year ROC curves of risk score, and clinical characteristics
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indicated that most checkpoints displayed greater activation in the 
low-risk group (Figure 6E).

3.5  |  Correlations between the risk model and 
clinical treatment

Based on the pRRophetic method, the IC50 values of drugs were 
compared between the low- and high-risk groups to predict the po-
tential therapeutic drugs for these groups. Concerning the final re-
sults shown in Figure 6F, docetaxel and gemcitabine had lower IC50 
values in the high-risk group, indicating that patients in the high-risk 
group possibly displayed a higher drug sensitivity to chemotherapy 
of docetaxel and gemcitabine. However, there were no differences 
in cisplatin or paclitaxel between the two groups.

3.6  |  Correlation analysis between the risk 
score and m6A-related genes and tumor stemness

A Wilcoxon test was conducted to explore the relationship between 
the risk score and m6A-related genes. As shown in the boxplot dia-
gram, most m6A-related genes had higher expression in the low-risk 
group (Figure 6G). Additionally, the constructed risk signature was 
significantly negatively correlated with the RNA stemness score 
(Figure 6H).

3.7  |  Cluster analysis based on 
prognostic nrlncRNAs

The clusters of HNSCC patients were regrouped to compare 
the immune microenvironments and responses in different 
tumor subtypes. Referring to the six nrlncRNAs forming the risk 

model, we finally divided the patients into two clusters with the 
“ConsensusClusterPlus” package (Figure 7A). As the Sankey dia-
gram shows in Figure  7B, most of the patients in the high-risk 
group were regrouped into cluster 1; however, patients in cluster 
2 mainly consisted of patients in the low-risk group. Specifically, 
cluster 2 had a better OS (p = 0.019) than cluster 1 based on the 
survival analysis (Figure 7C). Concerning the results of PCA, the 
risk groups and clusters formed different PCs (Figure 7D), and t-
SNE verified that the two clusters could be distinguished clearly 
(Figure 7E). Similarly, analyses of the correlations of clusters, im-
mune factors, and the TME were also conducted. According to the 
results shown in the boxplots (Figure 7F), cluster 1 presented lower 
immune, stromal, and ESTIMATE scores than cluster 2. Based on 
the analysis of immune infiltration by various platforms, the dif-
ferences in infiltrating immune cells in the clusters are shown in 
the heatmap (Figure 7G). Moreover, immune checkpoints, such as 
TNFRSF18, LAG3, CD244, and TNFRSF14, displayed higher ex-
pression in cluster 2 (Figure 7H). Finally, regarding the comparison 
of drug sensitivity, we found that cluster 1 was more sensitive to 
gemcitabine; nevertheless, cluster 2 showed lower IC50 values of 
paclitaxel and docetaxel. There was no significant difference in 
the IC50 value of cisplatin between the two clusters (Figure 7I).

4  |  DISCUSSION

Referring to previous studies, there is a lack of reliable prognostic 
biomarkers to predict the prognosis of patients with HNSCC, which 
is increasing worldwide with poor 5-year survival rates.4,5,23 Multiple 
studies have investigated the correlations between programmed 
cell death (e.g., pyroptosis)-related genes and lncRNAs and HNSCC 
prognosis, assisting in determining clinical outcomes.24 Necroptosis 
is reportedly involved in tumor progression and suppression and can 
be considered a novel therapeutic target for HNSCC patients.15,25 

F I G U R E  5 Development a nomogram. (A) Uni-Cox and (B) Multi-Cox analyses of clinical features and risk scores. (C) Nomogram; (D) 
Calibration curves plot
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Accordingly, there is a lack of prognostic necroptosis-related sig-
natures for tumors. Herein, we conducted this study to establish a 
novel nrlncRNA signature to predict the prognosis and immune mi-
croenvironment of HNSCC.

Compared with other clinical characteristics, the 1-, 3-, and 5-
year AUC values of risk score based on prognosis signature were 
much higher, which suggested better prognostic effects in HNSCC 
patients. The risk score displayed a negative correlation with the 
OS of HNSCC patients and was considered an independent risk 

indicator according to Cox regression analysis. Additionally, a 
higher risk score combined with older age and advanced clinical 
stages was considered to result in a worse prognosis, suggesting 
that the risk score act as a crucial role in stratifying a patient's 
survival status. Moreover, a nomogram was established with three 
independent factors (risk score, age, and stage) to predict OS, and 
the 1-, 3-, and 5-year calibration plots demonstrated a high de-
gree of consistency. All of the above results showed that this risk 

F I G U R E  6 Exploration of tumor immune factors, chemotherapy, m6A-related genes, and tumor stemness. (A) GSEA analysis; (B) 
Correlation of immune cells and risk scores; (C) Relationship between risk groups, immune cells, and immune functions; (D) Immune-related 
scores in the two groups; (E) Expression of checkpoints in risk groups. (F) Drug sensitivity to four chemotherapy medicine; (G) Expression of 
m6A-related genes in risk groups; (H) Correlation of risk score and tumor stemness
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F I G U R E  7 Clusters analysis. (A) Patients divided into two clusters; (B) Sankey diagram. (C) K-M survival curves of OS in clusters; (D) The 
PCA of risk groups and clusters; (E) The t-SNE of risk groups and clusters; (F) Immune-related scores in clusters; (G) Heatmap of immune cells 
in clusters; (H) Different expression of checkpoints in clusters. (I) Drug sensitivity to four chemotherapy medicine in clusters
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model was highly robust and effective for predicting the prognosis 
of HNSCC patients.

The results of our study showed that there were 29 nrlncRNAs 
that influenced the survival of HNSCC, and 6 of them (MIR4435-
2HG, AC099850.3, AC243829.2, LNCOG, CDKN2A-DT, and 
SAP30L-AS1) were selected to establish the prognostic signature. 
Among them, the expression of the lncRNA MIR4435-2HG has 
been confirmed to be upregulated in HNSCC tissues based on 
qRT-PCR.26 By modulating the microRNA miR-383-5p and regu-
lating RNA-binding motif protein 3, the proliferation and invasion 
of HNSCC tumor cell, as well as epithelial-mesenchymal transition 
and tumor growth, were suppressed with MIR4435-2HG knock-
down.26 Similarly, Zhou et al.27 investigated a novel risk model 
with SAP30L-AS1 for predicting the prognosis of HNSCC. In addi-
tion, the lncRNA AC099850.3 was determined to display a crucial 
role in the biological progression of multiple tumors. It promotes 
tumor cell proliferation and invasion through the PRR11/PI3K/
AKT axis in hepatocellular carcinoma.28 Besides, this lncRNA is 
also considered a prognostic biomarker in non-small-cell lung can-
cer and colorectal cancer patients.29,30 Moreover, as shown in the 
Sankey diagram, several lncRNA-related genes were considered to 
act important roles in tumor biological processes. For instance, 
BCL2 was determined to be a radiotherapy outcome biomarker 
in HNSCC and a hot point of PD-1 immunotherapy.31,32  TRAF2, 
which was associated with MIR4435-2HG and AC243829.2 in the 
risk model, can mediate constitutive NF-jB activation and prolif-
eration in HNSCC through the TNF-TNFR1-TRADD-TRAF2-RIP-
TAK1-IKK pathway.33

Immunotherapy represents an advanced and active treatment 
for HNSCC.34 Previous studies indicated that the TME has import-
ant effects on immunotherapy.35,36 According to the results of the 
analysis of immune factors, the high-risk group had an immunosup-
pressive TME; nevertheless, the low-risk group behaved more infil-
tration of immune cells such as CD8+ T cells. CD8+ T cells can kill 
cancer cells, disrupt immune tolerance, and enhance immunother-
apy via the PD-1/PD-L1 immune inhibitory axis.37 In addition, there 
was higher activity of LAG3 and PDCD1 in the low-risk group, so 
these patients were considered to have hot tumors.38,39 The more 
active immune function and higher immune score suggested that 
the low-risk group was possibly more sensitive to immunother-
apy. Similarly, after dividing the HNSCC set into the two subtypes, 
cluster 2, which mainly consisted of low-risk patients, had more 
infiltrating immune cells (e.g., CD8+ T cells), higher immune scores, 
and more active immune functions, suggesting that the patients 
belonging to cluster 2 may have a better therapeutic response to 
cancer immunotherapies with greater CD8+ T-cell infiltration.37

Importantly, we also investigated the drug sensitivity of four 
common chemotherapeutic agents with the IC50  value. As the 
results illustrated, the high-risk patients showed greater drug sen-
sitivity to docetaxel and gemcitabine. Cluster 2 displayed better 
sensitivity to paclitaxel and docetaxel; nevertheless, cluster 1 
was more sensitive to gemcitabine. These results of drug sensi-
tivity analysis suggested that the risk model and tumor subtypes 

could be potential predictors to guide chemotherapy for HNSCC 
patients.

According to previous studies, m6A-related genes are considered 
to participate in modification of noncoding RNAs in multiple biological 
processes.40,41 Referring to our analysis, patients in the low-risk group 
displayed higher expression of m6A-related genes, indicating that this 
nrlncRNA signature could effectively predict the expression levels of 
these m6A genes. In addition, cancer stem-like cells were determined 
to promote tumor growth due to their self-renewal and invasion abil-
ities.41,42 Based on this study, the negative correlation between the 
risk score and stemness score suggested that higher risk scores may 
possibly contribute to fewer cancer stem-like cells in HNSCC patients. 
It has been reported that stem-like cells are the main determinant of 
chemotherapy drug resistance,42,43 and the negative correlation may 
explain the better drug sensitivity in the high-risk group.

There are several limitations in our study. Despite the prog-
nostic value of the risk signature, there is a lack of lncRNA 
data and clinical information from other databases as external 
cohorts. Prospective studies with experimental assays are still 
needed to confirm the results of our bioinformatics analyses. 
The results of the investigation of the relationship between the 
risk signature, immunotherapy, and chemotherapy also need 
confirmation from large-sample clinical trials. Nevertheless, 
the correlation analysis about immune cell based on different 
platforms might be considered as external validation in a sense. 
Given this, the nrlncRNA risk model can be considered reliable 
and acceptable. Further studies with large samples should focus 
on the investigation of immunotherapy and chemotherapy based 
on bioinformatics analyses.

5  |  CONCLUSION

According to this study, we constructed a novel signature with nrlncRNA 
pairs to predict the survival of HNSCC patients and guide immunother-
apy and chemotherapy. This may possibly promote the development of 
individualized and precise treatment for HNSCC patients.
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