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Construction and validation of a prognostic model based on
stage-associated signature genes of head and neck squamous
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Background: Head and neck squamous cell carcinoma (HNSCC) is a malignancy of epithelial origin and
with poor prognosis. Exploring the biomarkers and prognostic models that can contribute to early tumor
detection is meaningful. A comprehensive analysis was conducted according to the stage-related signature
genes of HNSCC, and a prognostic model was developed to validate their ability to predict the prognosis.
Methods: The transcriptome profiles and clinical information of HNSCC patients were obtained from
The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) respectively. mRNA expressions
of differentially expressed genes (DEGs) were analyzed in stage I-II patients and stage III-IV patients
from TCGA by R packages. A protein-protein interaction (PPI) network and core-gene network map were
constructed, and Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGQG) analyses
were performed to examine pathway enrichment. Kaplan-Meier, least absolute shrinkage and selection
operator (LASSO), and multivariate Cox regression were applied to establish a stage-associated signature
model. A Spearman analysis was conducted to examine the correlations between the characteristic genes and
immune cell infiltration. Kaplan-Meier analysis and a receiver operating characteristic (ROC) curve were
used to test the effectiveness of the model. Univariate multivariate Cox regression analyses were used to
assess whether the risk score was an independent prognostic indicator for HNSCC.

Results: In TCGA cohort, 5 genes (i.e., BRINPI, IL17A, ALB, FOXA2, and ZCCHC12) in the constructed
prognostic risk model were associated with prognosis. Patients in the low-risk group had a better prognosis
outcome than those in the high-risk group. The predictive power was good because all the area under the
curve (AUC) of the risk score was higher than 0.6. Risk score [hazard ratio (HR) =1.985; P<0.001] was an
independent risk factor for the prognosis of HNSCC. The results in the GEO cohort were consistent with
those in the TCGA cohort.

Conclusions: We constructed and verified a prognostic risk model of stage-related signature genes
for HNSCC based on the GEO and TCGA data. Due to the good predictive accuracy of this model, the
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prognosis of and the tumor immune cell infiltration with patients can be estimated.
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Introduction

Head and neck squamous cell carcinoma (HNSCC), which
includes epithelial tumors of the lip, mouth, oropharynx,
hypopharynx, and larynx, is the 6th most prevalent
malignancy in the world and causes about 350,000 deaths
annually (1,2). Because the onset site of HNSCC is more
insidious, the early clinical presentation is atypical and
difficult to detect. Most newly diagnosed cases of HNSCC
are locally advanced, and most patients have regional
lymph node metastasis at the time of diagnosis (2,3). These
people have a poor prognosis at the time of diagnosis,
with significant variability by site and stage (4). Early
detection is essential to improve the prognosis of HNSCC.
Imaging parameters have important value for the diagnosis
of HNSCC. But because of the radiation exposure and
complicated procedures, people with not obvious early
symptoms will not choose imaging examination during the
physical examination. Moreover, separate imaging variables
cannot accurately predict the prognosis of patients with
HNSCC. Therefore, more convenient methods which
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* In this study, a stage-related gene prognosis prediction model with
sound prediction performance for HNSCC was established based
on the TCGA and GEO databases.

What is known and what is new?

®  Most cases of HNSCC with poor prognosis are locally advanced or
have regional lymph node metastasis at the time of diagnosis.

® Therefore, early detection and risk stratification are essential to
improve HNSCC survival.

What is the implication, and what should change now?

e Our results may offer insights to find possible biomarkers for early
detection and predicting the clinicopathological stage and prognosis
for HNSCC.

e Larger sample size, prospective studies or even vivo vitro experiments

are needed to confirm these findings.

© Annals of Translational Medicine. All rights reserved.

are useful for the early diagnosis and predicting prognosis
of HNSCC are needed. Metastasis is likely to involve the
selection of genetically heterogeneous lineages of cancer
cells in the context of an entire organism (5,6). To metastasis
cells, it needs to accumulate the expressions of multiple
necessary genes to initiate and promote the primary tumor
metastasis cascade (7). The identification of these necessary
genes will provide novel insights into the molecular basis of
cancer metastasis and inform strategies to improve cancer
treatment outcomes in humans. Therefore, finding possible
biomarkers for predicting the clinicopathological stage and
prognosis of HNSCC is critical.

The prognosis of HNSCC patients depends on the
anatomical site, lymph node metastasis, and distant
metastasis. As surgical treatment of HNSCC affects
a patient’s ability to speak, chew, and swallow, the
clinical work of head and neck oncological surgeons is
complicated by decisions that must balance aesthetics,
quality of life, and prognosis (8). A prognostic model
for HNSCC stage-associated outcomes is needed to
accurately evaluate a patient’s prognosis and formulate a
rational treatment plan.

Immunotherapy prevents the suppression of the
immune system blocked by the tumor cells, regulates the
immune microenvironment, and controls or removes
tumor cells. In recent years, the application of immune
checkpoint inhibitors has led to breakthroughs in many
tumors. For example, nivolumab and pembrolizumab
have been approved to treat advanced HNSCC patients
with a programed death-ligand 1 (PD-L1)-stain combined
positive score (CPS) >20, where CPS is the ratio of the
number of all PD-L1-expressing cells to the number of
all tumor cells (9,10). Programed death-1 (PD-1)/PD-L1
inhibitor has improved the prognosis of HNSCC and
increased the patient response rate and the overall survival
(OS) rate (11). However, the efficiency of immunotherapy
in HNSCC needs improvement. It makes sense that the
immunotherapeutic population in HNSCC are screened
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according to the stage-relevant genes.

Previous studies have developed and validated analogous
models (12,13). Yet, such useful tools are not currently
studied in HNSCC on the section of stage-associated
genes. Through a comprehensive bioinformatic analysis,
this study explored the genes that may affect HNSCC stage
and be associated with immune cell infiltration. Prognostic
models were constructed to assist HNSCC patients in
the development of diagnosis and treatment strategies.
We present the following article in accordance with the
TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5427/rc).

Methods
Data acquisition

RNA expression profiles and matched clinical pathological
information for HNSCC patients were obtained from
The Cancer Genome Atlas (TCGA) database (https://
portal.gdc.cancer.gov), which was identified as the training
cohort. A total of 536 HNSCC samples (comprising 492
tumors and 44 non-tumors) were obtained. Samples with
incomplete and duplicated medical data were removed.
Finally, 516 samples were eventually subsumed in our study.
Among these, 101 samples were from early stage (stages I-
II) patients, and the other 341 were from advanced stage
(stages III-IV) patients. The age of the enrolled patients
ranged from 19 to 90 years, and the OS time of the patients
ranged from 1 to 6,417 days. A validation cohort comprised
97 HNSCC samples was gained from the Gene Expression
Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgiracc=GSE41613). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013).

Differences in expression of the stage-associated genes

The HNSCC samples were divided into the following
two groups: (I) the stages I-II group; and (II) the stages
III-IV group. The differential messenger RNA (mRINA)
expressions of these two groups were compared using the
limma package of R software. The threshold was set as
follows: an adjusted P value <0.05, and a log,(fold change)
value >1, or a log,(fold change) value <-1. The differentially
expressed genes (DEGs) were then visualized in a heatmap.
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Protein-protein interaction (PPI) network

The PPI network for stage-associated genes was calculated
using the Metascape online database (https://metascape.
org/gp/#/main/stepl). The hub genes were obtained using
the molecular complex detection (MCODE) algorithm.

Envichment analysis of the core genes

For the screened stage-associated genes, a Gene Ontology
(GO) enrichment analysis of the biological processes,
cellular components, and molecular functions, and a Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis were conducted using the R package in R (v.4.2.0)
software (https://www.r-project.org/). A P value <0.05 was
defined as the cut-off value for the enriched functional
categories and pathways.

Correlation analysis of the signature genes and tumor-
infiltrating immune cells (T1ICs)

Using least absolute shrinkage and selection operator
(LASSO) regression methods, we identified 13 stage-
associated signature genes. A correlation heat map was
generated and a Spearman analysis was conducted to analyze
the correlations among the signature genes and TIICs. The
horizontal coordinates represented the signature genes, the
ordinates represented the immune cells, and the correlation
coefficients ranged from -1 to 1. The negative and positive
values represented the negative and positive correlations,
respectively. A P value <0.05 indicated a statistically
significant difference.

Prognostic modeling

The representation data of the signature genes were
combined with the survival data to construct a prognostic
model, and the accuracy of the model was then tested by
a receiver operating characteristic (ROC) curve analysis
and a separate date. A risk score was obtained for each
sample. Based on the median risk score, the samples were
categorized into high- and low-risk patient groups, and
the prognosis outcomes between the two groups were
compared based on the log-rank test using Kaplan-Meier
analysis. ROC curves were drawn and area under the curve
(AUC) was calculated to evaluate risk scores’ accuracy in
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Figure 1 The working flow chart for this study. TCGA, The Cancer Genome Atlas; mRNA, messenger RNA; HNSCC, head and neck

squamous cell carcinoma; PPI, protein-protein interaction; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes;

LASSO, least absolute shrinkage and selection operator; TIICs, tumor-infiltrating immune cells; GEO, Gene Expression Omnibus; K-M,

Kaplan-Meier; ROC, receiver operating characteristic.

predicting the prognosis of HNSCC. Finally, univariate
and multivariate Cox regression analyses were conducted
to identify whether the risk score was an independent
prognostic factor.

Statistical analysis

All statistical analyses were performed using the R (version
4.2.0) software and related R packages. A P value <0.05
indicated a statistically significant difference.

Results

Figure 1 shows the working flow chart for this study.

Analysis of DEGs for early stage and advanced stage
HNSCC

The clinical information of the patients in TCGA cohort
is set out in Table S1. We first identified genes in TCGA
database that were differentially expressed in early stage and
advanced stage HNSCC. Two hundred and eighty DEGs
were found, of which 230 were upregulated and 50 were
downregulated (Figure 2A). The heatmap showed the top
100 genes of the most differential variations (Figure 2B).

PPI network

In the PPI network that was constructed for the DEGs
in the early and advanced stages of HNSCC, 196 were
upregulated (red) and 45 were downregulated (green)
(Figure 34). The following 20 network core genes were
identified: INA, CPLX2, CXCL10, KCN74, GRIKS, LGI3,
BRINPI, IL174, MPPEDI, RAB6B, PRR18, APOAI, CRP,
SLC22A417, CABP1, ALB, FOXA2, ZCCHC12, SV2A, and
ADCYS8 (Figure 3B). The expression levels of these 20 genes

© Annals of Translational Medicine. All rights reserved.

were statistically significant in both the early and advanced
stages of HNSCC. In the advanced stage group, the
BRINPI, IL17A4, and CXCLI0 genes were downregulated,
and the INA, CPLX2, KCN74, GRIKS, LGI3, MPPEDI,
RAB6B, PRR18, APOAI, CRP, SLC22A417, CABP1, ALB,
FOXA2, ZCCHC12, SV2A, and ADCYS8 genes were
upregulated (Figure 4).

Enrichment analysis results

An enrichment analysis was conducted to investigate the
molecular mechanisms of the 20 genes associated with
stage in HNSCC. The GO analysis revealed that these
genes were important in cellular calcium ion homeostasis,
calcium ion homeostasis, and cellular divalent inorganic
cation homeostasis (Figure 5A-5I). The KEGG analysis
indicated that these 20 genes were important in a number
of pathways, such as adenylate cyclase activity and leucine
zipper domain binding (Figure 64,6B).

Association of 13 signature genes and immune cell
infiltration

The enrichment analysis showed that the 13 genes may
affect the pathways of calcium homeostasis, endocytosis, and
adenylate cyclase activity. Because their activities are closely
related to the immune response (14-16), we investigated the
correlation between the 13 genes in the HNSCC samples
and TIICs. The ALB gene was positively correlated with
mast cells and resting dendritic cells and was negatively
correlated with the activation of mast cells and dendritic
cells. The FOXA2 and BRINPI genes were positively
correlated with memory CD4 T cells and MO macrophages,
and negatively associated with follicular helper T cells,
CD8 T cells, CD4 memory activation T cells, and memory
B cells. IL174 and ZCCHCI2 expression was positively
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Figure 2 The DEGs identified in the early stage and advanced stage of HNSCC in TCGA set. (A) Volcano plot of DEGs between the
early stage and advanced stage of HNSCC. (B) Heat map of DEGs (blue: downregulated expression; red: upregulated expression). FC, fold
change; DEGs, differentially expressed genes; HNSCC, head and neck squamous cell carcinoma; TCGA, The Cancer Genome Atlas.
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Figure 3 PPI network in TCGA set. (A) PPI networks of the DEGs between the early stage and advanced stage of HNSCC. (B) The 20
core genes; nodes of higher degree are shown in bright red. PPI, protein-protein interaction; TCGA, The Cancer Genome Atlas; DEGs,
differentially expressed genes; HNSCC, head and neck squamous cell carcinoma.
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Figure 4 The diversity expression levels of the 20 genes were statistically significant in the early and advanced stages of HNSCC in TCGA
set. *P<0.05; **P<0.01; **P<0.001. HNSCC, head and neck squamous cell carcinoma; TCGA, The Cancer Genome Atlas.

correlated with regulatory T cells (Tregs) (Figure 7).

Prognostic model

A LASSO logistic regression analysis was conducted on the
gene expression matrices of 13 genes from the HNSCC
cohort. The risk scores for the 5 most relevant gene
constructs were determined (Figure 84,8B). The risk score
was calculated using the following formula: risk score =
(0.193313842865967) x BRINPI + (-1.00010038505531) x
IL174 + (0.175471845859283) x ALB +
(0.0945417384137182) x FOXA2 + (0.23890552509693) x
ZCCHC12. We performed risk curves and scatter plots to
indicate the risk score and survival status of each HNSCC
patient. The risk coefficient and the number of dead
statuses in the high-risk group were higher than those in
the low-risk group (Figure §C,8D), and the results indicated
that mortality was determined by the risk score. The high-
risk group showed BRINPI, ALB, FOXA2, and ZCCHCI12
expression to be high, while the low-risk group showed
IL17A expression to be high (Figure SE).

Then log-rank test for the survival outcome differences
between the high and low risk groups were performed. The
OS of the high-risk group was significantly poorer than
that of the low-risk group (P=0.001; Figure 94). The AUC
under the ROC curves in this model at 2, 3, and 6 years
were 0.613, 0.629, and 0.638, respectively (Figure 9B). Based
on the results of univariate and multivariate Cox regression

© Annals of Translational Medicine. All rights reserved.

analyses, the hazard ratio (HR) of the risk score was 2.128
[95% confidence interval (CI), 1.580-2.865] (Figure 9C)
and 1.985 (95% CI, 1.462-2.695) (Figure 9D), respectively,
(all P<0.001). Univariate Cox analysis in Figure 9C
also displayed that the pathological stage and age were risk
factors for the prognosis of HNSCC (HR >1; P<0.001).
Multivariate Cox analysis in Figure 9D also displayed
that the pathological stage and age were independent risk
factors for the prognosis of HNSCC (HR >1; P<0.001).
These results indicated that the risk score and pathological
stage were independent prognostic factors for HNSCC.
Moreover, the results showed that the BRINPI, ALB,
FOXA2, and ZCCHC12 genes were independent high-risk
prognostic factors. IL174 was a favorable prognostic factor
according to the multivariate Cox regression analysis based
on risk-scoring (Figure 9E).

The clinical information of the patients in GEO cohort
is set out in Table S1. In the GEO cohort, the different
survival outcome between the high-risk group and the
low-risk group was consistent with that of the TCGA
cohort. The low-risk group showed a better OS (P=0.044;
Figure 104). The AUC in this model at 2, 3, and 6 years
were 0.705, 0.698, and 0.669, respectively (Figure 10B).
According to the univariate and multivariate analyses,
the risk score also served as an independent prognostic
factor for HNSCC (HR >1; P<0.005; Figure 10C,10D).
This indicated the predictive accuracy of this prognosis
prediction models in HNSCC.
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Discussion

Tumor-node-metastasis (TNM) staging is the main
clinical staging system for HNSCC. The treatment plans
and prognoses of patients are based on TNM staging,
as each stage indicates different developing trend of
the disease. Early detection of HNSCC has important
implications for improving prognosis. But to date, few
studies have investigated biomarkers related to HNSCC
clinicopathological stage. Our study screened stage-
associated genes related to the prognosis of HNSCC and

developed prognostic model to provide a basis for early
clinical diagnosis and identify new treatment strategies.

In our study, differences in the expression levels of
280 genes were explored using early and advanced stage
HNSCC group samples. Among the 280 DEGs, 50 were
downregulated, and 230 were upregulated. In addition, a
PPI network of these genes was conducted, and 5 signature
genes were identified (i.e., BRINPI, IL17A4, ALB, FOXA2,
and ZCCHC12). BRINP1 suppresses cell-cycle progression
during peripheral neuronal differentiation in non-neuronal

PLPPR5S

cells and may have tumor-suppressive effects (17). A
previous study found that BRINPI methylation in gastric
cancer is independent of microsatellite instability, which

improves the survival outcomes of patients (18). IL17A has
an immunomodulatory function when it recruits the adaptor
proteins ACT1 and TRAF6 to activate signaling pathways,
including mitogen-activated protein kinase and nuclear
factor kappa B (NF-xB) (19). Research has shown that
IL17A engages in anti-microbial host defense, epithelial
cell repair, and regeneration by stimulating the expression
of tight junction proteins in colorectal cancer (20). Serum
ALB is an indicator of nutritional status, and low levels are
associated with poor survival outcomes in various cancers
(21,22). FOXA2 has an important regulatory function
in tumor development (23-25). Wang et al. revealed that
FOXA2, as an oncogene, promotes the proliferation,
migration, and invasion of colon cancer (26). In vitro
studies have shown that FOXA?2 levels in breast cancer are
positively correlated with cell proliferation (27). FOXA2
binds to the obtained enhancer to activate liver-specific gene
transcription to drive colorectal cancer liver metastasis (28).
In addition, FOXA2 activates ZEB2 to promote the
invasion and development of esophageal cancer cells (29).
The ZCCHC12 gene is involved in lymph node metastasis

and participates in the development of thyroid cancer (30).
But the underlying biological mechanisms of the BRINPI,
IL17A4, ALB, FOXA2, and ZCCHCI2 genes in HNSCC

plot of cellular component analysis. (G-I) Bar plot, bubble plot, and circle plot of molecular function analysis. FC, fold change; GO, Gene Ontology; TCGA, The Cancer

Figure 5 GO analysis of the 20 hub genes in TCGA set. (A-C) Bar plot, bubble plot, and circle plot of biological process analysis. (D-F) Bar plot, bubble plot, and circle

Genome Atlas.
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need further study.

In our study, GO analysis revealed that cellular calcium
ion homeostasis were enriched. Studies have shown that
calcium ions homeostasis is closely related to intracellular
energy metabolism (31,32). Tumor cells are more sensitive
to Ca™ (33). Liu et al. (34) reported a tumor-targeting

© Annals of Translational Medicine. All rights reserved.

“calcium ion nanogenerator” to reverse drug resistance
by inducing intracellular Ca’* bursting. But whether the
stage-related genes take part in the HNSCC development
through the calcium ions homeostasis needs to be further
verified by later experiments.

TIICs, which are crucial components of the tumor

Ann Transl Med 2022;10(24):1316 | https://dx.doi.org/10.21037/atm-22-5427



Page 10 of 15

T cells regulatory (Tregs) -
T cells gamma delta
T cells follicular helper
T cells CD8
T cells CD4 naive
T cells CD4 memory resting ssind
T cells CD4 memory activated < S
Plasma cells %
NK cells resting
NK cells activated
Neutrophils
Monocytes =
Mast cells resting = i
Mast cells activated
Macrophages M2 s
Macrophages M1 =
Macrophages MO il il
Eosinophils
Dendritic cells resting st
Dendritic cells activated * =
B cells naive = il
B cells memory =

-
-
e
o
~
-
e

PR
e

s

e

ren

g

e

e

e

e

"

e

e

Chen et al. Prognostic model based on stage-associated genes of HNSCC

**P<0.001

Vv
& @

e e - P

**P<0.01
e *P<0.05

eene e

Correlation

! 0.50

0.25
0.00
-0.25

B 050

e P - -

e *

" -

e *

P - P

wene

e

e R e

e * -

€ F o X
o® N A N r{}?~ ‘”o\\ 0\2\0
o 0y

Figure 7 Relationship of the 13 signature genes and immune cell infiltration in TCGA set. TCGA, The Cancer Genome Atlas.

microenvironment, are intimately linked to the incidence,
progression, and metastasis of tumors (35,36). Gao et al.
described a positive feedback loop between cancer cells
and macrophages that can increase HNSCC cell migration
and invasion (37). A systematic review and meta-analysis
confirmed the prognostic benefit of CD8" T cell infiltration
in HNSCC patients and showed that FoxP3" tumor-
infiltrating lymphocyte (TIL) contributed to improved
OS (38). Immunosuppressive Tregs are present in the
immune infiltration of the skin in squamous cell carcinoma,
and cause ineffective anti-tumor immune responses, which
in turn promote tumor development and metastasis (39).
In the present study, immune cell infiltration was closely
correlated with the 13 key genes of INA, CXCLI10, RIKS,
LGI3, BRINPI1, IL174, APOAI, SLC22A417, CABPI, ALB,
FOXA2, ZCCHC12, and SV2A. This suggests that the
function of these 13 genes in immune infiltration may differ
at different stages of HNSCC.

The 5 most relevant genes in this study (i.e., BRINPI,
IL17A4, ALB, FOXA2, and ZCCHC12) were used to
construct the prognostic model. The correlation between
these genes and the prognosis of patients with HNSCC
also explored. As these genes are closely associated to
immune cell infiltration, immunotherapy may prevent the
progression of HNSCC.

Additionally, we also studied the association between

© Annals of Translational Medicine. All rights reserved.

risk score and clinical factors and the prognosis of patients
with HNSCC. Univariate multivariate Cox analysis showed
that pathological stage, age, and risk score were risk factors,
and pathological stage and risk score were independent risk
factors for the prognosis of HNSCC in the TCGA cohort.
While in the GEO cohort, risk score was a significantly
and independently factor for the prognosis of HNSCC.
According to the AUC values in the results of the TCGA
set, the AUC values at 2, 3, and 6 years were higher than
0.6, and it was validated in GEO set. So this model is a
feasible study due to the sound predictive accuracy. The
HRs of the novel risk variables included in our model
reflected those reported in a previous study (12).

However, our study had a number of limitations. First, the
samples of the database all came from the public data and the
size was limited. This may lead to some potential errors or
biases in this model. Larger sample size or even prospective
studies are needed to confirm these findings. Second, the
underlying biological mechanisms of the BRINPI, IL174,
ALB, FOXA2, and ZCCHC12 genes affecting the prognosis
of HNSCC require vivo and vitro experiments. We are
considering further research on this in the future.

Conclusions

In this study, a prognostic model was constructed and

Ann Transl Med 2022;10(24):1316 | https://dx.doi.org/10.21037/atm-22-5427
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Figure 10 Assessment of the prognostic survival model of stage-associated genes in HNSCC in GEO set. (A) Kaplan-Meier curves for high-

risk patients and low-risk patients. (B) ROC curves for 2-, 3-, and 6-year survival for this risk model. (C) Univariate independent prognostic

analysis. (D) Multivariate independent prognostic analysis. AUC, area under the curve; CI, confidence interval; HNSCC, head and neck

squamous cell carcinoma; GEO, Gene Expression Omnibus; ROC, receiver operating characteristic.

validated based on stage-related genes of HNSCC. ROC
curve analysis indicated that the model had favorable
performance. The novel stage-associated signature
(BRINPI, IL174, ALB, FOXA2, and ZCCHCI2) is a
valuable independent prognostic marker and is associated
with immune cell infiltration in HNSCC, which may help
to develop diagnosis and therapeutic strategies for HNSCC
in the future.
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Supplementary

Table S1 Clinical characteristics of HNSCC patients from T'CGA and GEO datasets in the study

Variables No. of samples in TCGA No. of samples in GEO
Gender
Male/female 376/140 66/31

Age at diagnosis
<60/>60/unknown 254/261/1 50/47

Tumor grade

G1/G2/G3/G4/unknown 62/304/121/7/22 NA
Clinical stage
I-11/111-IV/unknown 101/341/74 41/56/0

HNSCC, head and neck squamous cell carcinoma; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus; NA, not available.
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