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Abstract: Objectives: N6-methyladenosine (m6A) and long non-coding RNAs (lncRNAs) significantly impact the prog-
nosis and the response to immunotherapy in head and neck squamous cell carcinoma (HNSCC). Therefore, this 
study aimed to develop an m6A-related lncRNA (m6AlncRNA) model for predicting the prognosis and the immu-
notherapeutic response in HNSCC. Methods: We identified the m6AlncRNAs and constructed a risk assessment 
signature by using univariable Cox, Least Absolute Shrinkage and Selection Operator (LASSO), and multivariate 
Cox regression analyses. The Kaplan-Meier analysis, receiver-operating characteristic (ROC) curves, principal com-
ponent analysis (PCA), decision curve analysis (DCA), consistency index (C-index), and nomogram were applied to 
assess the risk model. Finally, we investigated the predictability of this model in prognosis and response to immu-
notherapy and evaluated various novel compounds for the clinical treatment of HNSCC. Results: HNSCC patients 
were assigned to high- and low-risk groups based on the median risk scores, and the high- and low-risk groups had 
different clinical features, tumor immune infiltration status, tumor immune dysfunction and exclusion (TIDE), tumor 
mutational burden (TMB), sensitivity to novel potential compounds, and immunotherapeutic response. Conclusions: 
The model we developed was accurate and efficient in predicting the prognosis of patients with HNSCC. It was also 
sensitive in stratifying HNSCC patients with good response to immunotherapy. Therefore, our study provided insight 
into elucidating the processes and mechanisms of m6AlncRNAs.
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Introduction

Head and neck squamous cell carcinoma (HN- 
SCC) is a prevalent cancer worldwide, leading 
to around 350,000 deaths every year [1, 2]. 
Although in the past few decades, the standard 
treatment for HNSCC has greatly improved [3], 
the five-year survival rate of HNSCC patients  
is still only about 50% [4]. Emerging evidence 
indicates that the identification and application 
of molecular biomarkers could offer prognostic 
benefit to HNCSCC patients [5].

The most common RNA modification in eukary-
otes is N6-methyladenosine (m6A), which influ-
ences virtually every aspect of mRNA metabo-
lism [5]. The dynamic interaction among me- 
thyltransferases, or “writers”, demethylases, or 

“erasers”, and signal transducers, or “readers”, 
mediates the regulatory effects of this modifi-
cation [7]. Furthermore, m6A is known as the 
most common and abundant internal alteration 
found in long non-coding RNAs (lncRNAs) and 
mRNAs [7], and m6A-regulated lncRNAs modu-
late the initiation and progression of HNSCC. 
For example, LNCAROD is stabilized by m6A 
methylation mediated by METTL3 and MET- 
TL14, which contributes to the progression of 
HNSCC by formulating ternary complexes [9].  
In another study, Li et al. reported that ALK- 
BH5-regulated m6A modification of KCNQ1OT1 
promoted the progress of HNSCC by up-regulat-
ing HOXA9 [10]. Nevertheless, the detailed me- 
chanisms underlying the regulation of m6A in 
lncRNAs remain to be fully elucidated.
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In this study, we first identified the m6AlncRNAs 
and constructed a risk assessment signature 
by using univariable Cox, Least Absolute Shr- 
inkage and Selection Operator (LASSO), and 
multivariate Cox regression analyses. Then, we 
investigated the immunological characteristics 
and the response to immunotherapy of differ-
ent risk groups stratified by this model and 
evaluated various novel compounds for the 
clinical treatment of HNSCC. In conclusion, we 
have developed a prognostic risk model for 
HNSCC based on m6AlncRNAs that could pre-
dict the prognosis and the response to im- 
munotherapy in HNSCC.

Materials and methods

Data collection

RNA-seq data, clinical information, and gene 
mutation data of HNSCC were downloaded 
from The Cancer Genome Atlas (TCGA, https://
tcga-data.nci.nih.gov/tcga). Duplicate data or 
those with incomplete clinical information such 
as missing patient follow-up were excluded. 
The expression profiles of mRNAs and lncRNAs 
were extracted by adding annotations based  
on the Ensembl database (http://asia.ensembl.
org). A total of 23 m6A genes were obtained 
based on the information from previous stu 
dies (Table S1). The R package limma was  
further used to identify m6AlncRNAs based on 
the standard cor > 0.4 and P < 0.001 (Table 
S2). The m6A-transcriptome profile of HSNCC 
patients was investigated in this study. 

Development of risk assessment model

The entire TCGA set was randomly divided into 
training and validation sets. The prognostic 
value of m6AlncRNAs was first evaluated by  
univariate Cox analysis in the training set (P < 
0.05). LASSO analysis was then applied to fur-
ther screen m6AlncRNAs, and finally multivari-
ate Cox analysis was employed to establish a 
prognostic risk model. The risk scores for all 
patients were computed according to the fol-
lowing formula: 1i

k iSi
=
b/ . Based on the median 

risk score derived from the above formula, we 
assigned the patients into high- and low-risk 
groups.

Validation of the prognostic risk model

The Kaplan-Meier analysis was applied to 
assess the difference in survival between the 

high- and low-risk groups. The time-dependent 
receiver-operating characteristic (ROC) curves 
and the area under the curve (AUC) were 
applied to estimate the predictive ability of the 
signature for survival compared to the tradi- 
tional clinical features and the established 
models [11-14]. We further compared the dif-
ference in survival between these two groups  
in subgroups defined by clinicopathological 
characteristics. Principal component analysis 
(PCA) analysis was performed for the explor-
atory visualization of the high-dimensional da- 
ta of the whole gene expression landscape, 
m6A genes, m6AlncRNAs, and the m6AlncRNAs 
in the model. Moreover, to validate the model 
as an independent prognostic predictor, we 
applied univariate and multivariate Cox analy-
ses. We also employed decision curve analysis 
(DCA) and consistency index (C-index) to evalu-
ate the accuracy of the model compared to  
the traditional clinical features. A nomogram 
integrating prognostic signatures was con-
structed to predict 1-, 3-, and 5-year survival 
rates of patients. 

Exploration of immunological atlas

To obtain a reliable immune infiltration status, 
various currently accepted methods were em- 
ployed, including XCELL, TIMER, QUANTISEQ, 
MCPCOUNTER, EPIC, CIBERSORT-ABS, and CI- 
BERSORT. The single-sample gene set enrich-
ment analysis (ssGSEA) was performed to 
investigate the difference in immune function 
between the high- and low-risk groups. The 
expression levels of the immune checkpoint 
inhibitors (ICIs)-related genes between these 
two groups were studied using Wilcoxon sign- 
ed rank test. The gene mutation analysis was 
applied to ascertain the quantity and quality  
of gene mutations between these two groups. 
The tumor mutational burden (TMB) and tumor 
immune dysfunction and exclusion (TIDE) were 
employed to predict the difference in immu- 
notherapeutic response among different risk 
groups. 

Identification of potential compounds

To identify potential compounds for HNSCC 
treatment, we computed the half inhibitory  
concentration (IC50) of compounds and com-
pared the difference in the IC50 between high- 
and low-risk groups.  

http://www.ajtr.org/files/ajtr0144975suppltab2.xlsx
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Results

Identification of m6AlncRNAs

The flowchart representing the procedure of 
this study was summarized in Figure 1. The 
RNA-seq data, clinical information, and gene 
mutation data of HNSCC were first collected in 
TCGA, including 498 tumor and 44 normal  
samples. Then, 14,086 lncRNAs were retrieved 
based on the above data. Finally, 468 m6Aln-
cRNAs were identified by co-expression analy-
sis (cor > 0.4 and P < 0.001). The co-expression 
network was visualized in Figure 2A, and the 
association of m6A genes with m6AlncRNAs was 
shown in Figure 2B.

Development of prognostic risk model

The entire TCGA set (498 tumor samples) was 
randomly assigned to training (350 samples) 
and validation sets (148 samples) as a 7-to-3 
ratio, and a prognostic risk model was devel-
oped. Univariate Cox analysis was then utili- 
zed to select 35 m6AlncRNAs with potential 
prognostic value from the 468 m6AlncRNAs 
identified above (P < 0.05, Figure 3A). Next, the 
LASSO analysis was employed to filter out 17 
candidate m6AlncRNAs among these 35 prog-
nostic m6AlncRNAs (Figure 3B and 3C). Finally, 
a risk assessment model was established by 
using multivariate Cox analysis, which included 
9 m6AlncRNAs (SNHG16, JPX, AL450384.2, 

AL157932.1, AC002310.1, AC010226.1, DTX2- 
P1-UPK3BP1-PMS2P11, AC106820.5, and AL- 
513190.1) (Figure 3D). Based on the median 
risk score, out of the 498 tumor samples used, 
244 samples were assigned to the high-risk 
group, while 254 samples to the low-risk group.

Verification of the risk assessment model

Figure 3 showed the results of the survival 
analysis, the expression profiles of the m6Aln-
cRNAs, the pattern of survival status, and the 
distribution of risk grades between the high- 
and low-risk groups in the training set (Figure 
4A-D), in the validation set (Figure 4E-H), and in 
the entire set (Figure 4I-L). All these analyses 
suggested that the patients in the high-risk 
group had a shorter survival time. Furthermore, 
the ROC curves indicated the high sensitivity 
and specificity in survival prediction of our  
signature, with the 5-year AUC value was 0.774 
in the training set (Figure 5A), 0.740 in the vali-
dation set (Figure 5B), and 0.731 in the entire 
set (Figure 5C). Moreover, the 5-year AUC value 
of the signature was higher than the tradition- 
al clinical features and the published models 
(Figures 5A and S1). 

Importantly, even in the subgroups defined by 
age, gender, pathological stage, and T stage, 
the patients in the low-risk subgroup had lon- 
ger survival times compared to the patients in 
the high-risk subgroup, demonstrating that our 

Figure 1. Flowchart of the study.
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model was applicable to various circumstances 
(Figure 6A). PCA indicated that the distribu-
tions of whole gene expression profiles, the 23 
m6A genes, and the m6AlncRNAs between the 
high- and low-risk groups were relatively scat-
tered (Figure 6B-D), while the distributions of 
the nine m6AlncRNAs in the signature had dif-
ferent distributions (Figure 6E). 

Furthermore, univariate Cox analysis demon-
strated that the risk score was statistically 
related to prognosis (P < 0.001; Figure 7A), and 
multivariate Cox analysis demonstrated that 
the risk score was an independent prognostic 
risk factor (P < 0.001; Figure 7B). The C-index 
and DCA demonstrated that our signature per-
formed better in predicting the prognosis of 

Figure 2. A. Sankey diagram for the co-expression correlations between 23 N6-methyladenosine (m6A) genes and 
m6A-related long non-coding RNAs (m6AlncRNAs). B. Heatmap for the co-expression correlations between 23 m6A 
genes and the 9 m6AlncRNAs used to construct the model. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure 3. A. 35 prognostic m6AlncRNAs recognized by univariate Cox analysis. B. Least Absolute Shrinkage and 
Selection Operator (LASSO) coefficient profiles of the prognostic m6AlncRNAs. C. Coefficient profile plot generated 
against the log sequence. D. 9 m6AlncRNAs identified by multivariate Cox regression analysis.
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Figure 4. Kaplan-Meier survival curve of the expression of the 9 prognostic m6AlncRNAs (A), the patterns of survival outcome (B), and the distribution of risk score 
(C) for patients between different groups in the training set (D). Kaplan-Meier survival curve of the expression of the 9 prognostic m6AlncRNAs (E), the patterns of 
survival outcome (F), and the distribution of risk score (G) for patients between diverse groups in the validation set (H). Kaplan-Meier survival curve of the expression 
of the 9 prognostic m6AlncRNAs (I), the patterns of survival outcome (J), and the distribution of risk score (K) for patients between diverse groups in the entire set (L).
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HNSCC than other traditional clinical features 
(Figure 7C, 7D). The nomogram that integrated 
the signature and clinical features was reliable 
and sensitive and could be applied to predict 
the survival of patients with HNSCC (Figure 7E). 

Evaluation of the immunological characteris-
tics and the therapeutics

By analyzing the degree of infiltration of immune 
cells, we found that eosinophil and M0 macro-
phage were more abundant in the high-risk 
group, while B cell, M1 macrophage, M2 macro-
phage, mast cell, T cell regulatory, myeloid den-
dritic cell, CD4+ T cell and CD8+ T cell were 
more abundant in the low-risk group (Figure 

8A). Most immune functions were statistically 
different between the high- and the low-risk 
groups except for the response to type I 
Interferon and major histocompatibility com-
plex class I (Figure 8B). We also found that the 
expression of CTLA-4 (P < 0.001), PDCD1 (P < 
0.001), LAG3 (P < 0.01), TIGIT (P < 0.001), BTLA 
(P < 0.001), and CD274 (P < 0.05) among oth-
ers, was statistically different between the 
high- and the low-risk groups (Figure 8C).

The results of gene mutation analysis indicated 
that more genes were mutated in the high-risk 
group, and the top 20 genes with the highest 
frequency of alteration were shown in Figure 
9A and 9B. TIDE scores were lower in the high-

Figure 5. A-C. The 5-year time-dependent receiver-operating characteristic (ROC) curves demonstrated the high 
sensitivity and specificity of the model for survival prediction, and the area under curve (AUC) value was 0.774 in 
the training set, 0.740 in the testing set, and 0.731 in the entire set. D. A comparison of 5-year ROC curves with the 
traditional clinical features indicated the superiority of this risk model.
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Figure 6. (A) In the subgroups defined by age, gender, pathological stage, and T stage, the patients in the low-risk 
group had longer survival times. (B-E) Principal component analysis (PCA) indicated that the distributions of whole 
gene expression profiles, 23 m6A genes, and m6AlncRNAs between different groups were relatively scattered (B-D), 
while the distributions of the nine m6AlncRNAs in the signature between different groups had different distributions.

Figure 7. A, B. Univariate and multivariate Cox analysis demonstrated that risk score was an independent prognostic 
factor. C, D. The consistency index (C-index) and decision curve analysis (DCA) demonstrated that our model per-
formed better in predicting the prognosis of HNSCC than other traditional clinical features. E. A nomogram based on 
clinical features and risk groups. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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risk group (P < 0.001, Figure 9C), while TMB 
scores were higher in the high-risk group (P < 

0.001, Figure 9D), indicating that patients in 
the high-risk group were more likely to be more 

Figure 8. A. Estimation of tumor-infiltrating cells indicated that eosinophil and M0 macrophage were more abundant 
in the high-risk group, while B cell, M1 and M2 macrophage, mast cell, T cell regulatory, myeloid dendritic cell, CD4+ 
T cell and CD8+ T cell were more abundant in the low-risk group. B. The majority of immune functions were statisti-
cally different between different groups, except for response to type I Interferon and major histocompatibility com-
plex class I. C. The expression of CTLA-4, PDCD1, LAG3, TIGIT, BTLA and CD274 was significantly different between 
different groups. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Figure 9. A, B. Gene mutation analysis displayed that more genes were mutated in the high-risk group. C. Tumor im-
mune dysfunction and exclusion (TIDE) scores were lower in the high-risk group. D. Tumor mutational burden (TMB) 
scores were higher in the high-risk group. E. Survival rates were significantly lower in high-TMB groups. F. Survival 
rates were significantly different between four groups. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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sensitive to immunotherapy. Survival analysis 
revealed that the survival rates were statisti-
cally lower in high-TMB groups than in low-TMB 
groups (Figure 9E, P = 0.003), and Figure 9F 
showed the remarkable difference in survival 
rates among four groups (P < 0.001).

Identification of novel potential compounds

In addition to immunotherapy, we also sought 
to identify potential compounds targeting our 

signature for treating HNSCC patients. Based 
on the IC50, we identified several drugs that 
showed statistically differences in the IC50 
between the high- and low-risk groups (Figures 
10, S2).

Discussion

In recent years, various studies have been car-
ried out on the tumorigenesis, progression, and 
treatment of HNSCC [15]. Because of the het-

Figure 10. Identification of novel potential compounds for the treatment of HNSCC. P < 0.001.
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erogeneity of HNSCC, patients with comparable 
TNM stages may have distinct clinical charac-
teristics and clinical outcomes [16]. Therefore, 
growing efforts have focused on constructing 
models with non-coding RNAs to predict the 
prognosis and the response to immunotherapy 
of HNSCC patients [16].

The m6A is the most common form of modifica-
tion in mammalian lncRNAs and has a broad 
impact on the structure and action of lncRNAs 
[20]. LncRNAs are the most abundant RNAs 
that play a significant role in various types of 
cancer through interactions with DNA, RNA, 
and proteins [20]. Studies have shown that  
m6A could enhance the stability of lncRNAs to 
ensure their function, such as RNA-RNA inter-
actions [22, 23]. The m6A methylation modifica-
tion of lncRNAs can affect different cellular 
activities in cancer cells [24]. Nevertheless,  
the research on the pathobiological effects of 
m6A methylation of lncRNAs in HNSCC develo- 
pment is limited, and the potential therapeutic 
mechanisms and prognostic value of m6Aln-
cRNAs in HNSCC remain to be understood. 
Therefore, the current study sought to reveal 
the association between m6A and lncRNAs  
and develop a risk model based on m6Aln-
cRNAs in HNSCC.

First, we identified 468 m6AlncRNAs from the 
TCGA database, confirmed the prognostic po- 
tential of 35 m6AlncRNAs, and constructed a 
model with 9 m6AlncRNAs to predict the prog-
nosis of HNSCC patients. Among the 9 m6Aln-
cRNAs we used, SNHG16 has been reported to 
regulate CCND1 expression by sponging miR-
17-5p, thereby inhibiting the progression of  
oral squamous cell carcinoma [25]. Another 
study also showed that SNHG16 facilitated  
the cell proliferation and invasion of HNSCC by 
sponging miR-877-5p and up-regulating FOXP4 
[26]. Another m6AlncRNA identified in our study, 
JPX, was reported to play a crucial role in the 
proliferation, chemoresistance, anti-apoptosis, 
and aerobic glycolysis of glioblastoma by mo- 
dulating the stability of PDK1 in an m6A-depen-
dent manner [27]. In addition, JPX accelerates 
HNSCC cell proliferation and migration by sp- 
onging miR-944 to up-regulate CDH2 [27]. 
Although SNHG16, JPX, and AL513190.1 have 
been identified as m6AlncRNAs [13, 29], other 
m6AlncRNAs were discovered for the first time.

Next, we assigned HNSCC patients into the 
high- and low-risk groups based on their medi-

an risk score, and the low-risk group had signifi-
cantly better outcomes. We found that B cell, 
M1 and M2 macrophage, regulatory T cell, 
CD4+ T cell and CD8+ T cell were more abun-
dant in the low-risk group. Interestingly, Distel 
et al. showed that B cell is a predictor of good 
prognosis in early HNSCC and negatively co- 
rrelated with advanced HNSCC [13, 29]. 
Additionally, high infiltration of M1 macroph- 
ages and low infiltration of M2 macrophages 
are related to improved patient prognosis [31, 
32]. However, in contrast to our findings, regu-
latory T cell has been described as a major con-
tributor to the immune evasion and the poor 
prognosis in HNSCC [33]. On the other hand, 
CD4+ T cells and CD8+ T cells were reported to 
be the main anti-cancer cells and associated 
with the favorable prognosis in HNSCC, which 
was consistent with our findings [34, 35]. The 
discrepancy among different studies needs to 
be further clarified. 

Recent studies have shown that the TIDE score 
can precisely predict the efficacy of immuno-
therapy [36]. Since we found TIDE scores were 
lower in the high-risk group, we predicted that 
the high-risk group was more likely to resp- 
ond to immunotherapy. In addition, it has been 
reported that TMB can serve as an effective 
prognostic marker for predicting PD-L1 treat-
ment response [37]. In our study, the TMB of 
the high-risk group was statistically higher, in- 
dicating that patients in the high-risk group 
probably benefit from anti-PD-1/PD-L1 mono-
therapy. Together, our predictive model could 
be a potential reliable biomarker for predicting 
the response to immunotherapy of HNSCC 
patients.

In clinical practice, TNM staging is a determi-
nant of prognosis in HNSCC. However, HNSCC 
patients with similar TNM stages often have 
distinct clinical prognosis, indicating that the 
current TNM system fails to reflect the hete- 
rogeneity of HNSCC and is not a reliable prog-
nostic marker. Thus, it is significant to identify 
novel biomarkers to predict the prognosis of 
HNSCC patients. We constructed the m6Aln-
cRNA signature to offer a new approach, and 
our findings provided insight into understand-
ing the process and mechanism of the m6A 
modification of lncRNAs. Nonetheless, the cur-
rent study has several limitations. First, our 
sample size was relatively small, and the nor-
mal to tumor sample counts were not propor-
tional. Second, the results might be biased 
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since the majority of samples from TCGA were 
non-metastatic. Third, our signature should be 
further validated by using external validation. 
Hence, we intend to expand the sample size 
and thoroughly follow up our results for our  
further prospective study. 

In summary, the model we developed was ac- 
curate and efficient in predicting the prognosis 
of patients with HNSCC. Furthermore, our mo- 
del could stratify HNSCC patients with good 
responses to immunotherapy. The findings 
from our study contributed to elucidating the 
processes and mechanisms of m6AlncRNAs.
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Table S1. 23 m6A-related genes
Gene Type
METTL3 writers
METTL14 writers
METTL16 writers
WTAP writers
VIRMA writers
ZC3H13 writers
RBM15 writers
RBM15B writers
YTHDC1 readers
YTHDC2 readers
YTHDF1 readers
YTHDF2 readers
YTHDF3 readers
HNRNPC readers
FMR1 readers
LRPPRC readers
HNRNPA2B1 readers
IGFBP1 readers
IGFBP2 readers
IGFBP3 readers
RBMX readers
FTO erasers
ALKBH5 erasers
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Figure S1. A-D. A comparison of 1, 3 and 5-year ROC curves with other established models indicated the superiority 
of this risk model.
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Figure S2. Identification of novel potential compounds targeting the model. P < 0.05.


