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A B S T R A C T

Head and Neck Squamous Cell Carcinoma (HNSCC) is a malignant cancer with poor prognosis. Currently, the
prognosis of HNSCC is determined by clinical and histopathological criteria. This work focused on identifying a
panel of genes that have the potential to be used for prognosis of HNSCC and to improve patient stratification for
treatment. To this end, a bibliometric analysis (VosViewer) was applied to identify candidate genes that were
further characterized by applying several bioinformatics tools (UALCAN, ToPP). The prognostic potential of the
genes of interest was evaluated using the univariate and the multivariate Cox proportional regression models and
the transcriptional expression analysis among HNSCC and normal tissues. In HNSCC, the transcriptional levels of
candidate genes, were analyzed in HPV-driven HNSCC, HPV-non-driven HNSCC, TP53-mutant HNSCC and TP53-
nonmutant HNSCC for selecting the best set of genes for discrimination of HNSCC based on both HPV status and
TP53 mutational status. These analyses revealed a signature based on four genes with greater HNSCC prognostic
potential: CDKN2A, TGFB1, CD44 and MMP9, being p16 the sole biomarker currently tested. In the future, a
molecular signature could facilitate the stratification of patients into high- and low-risk groups as well the wiser
adjustment of therapies to each individual response allowing a personalized treatment.
1. Introduction

Head and neck cancer is the sixth most common cancer worldwide
and is expected to increase in incidence 30% until 2030. About 90%
begins in the squamous cells on the surface of the inner mucosa of that
region. Classification can be done according to the place of origin: oral
cavity, tongue, salivary glands, pharynx, larynx, nasal cavity, and para-
nasal sinuses [1]. Because it comprises numerous subtypes, each with a
different molecular fingerprint, the characterization of HNSCC is
extremely complex. The prognosis in stages I or II is favourable, pre-
senting a cure rate of 80% in stage I and 65% in stage II, with exclusive
surgery or radiotherapy treatments. When locally advanced disease,
stages III or IV, the 5-year survival rate is less than 50%. The treatment at
advanced stages is multimodal and there is a high risk of local relapse
ciences, Institute of Biomedicine
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and/or disease at a distance [2]. Thus, there is an urgent need of reliable
tools for HNSCC prognosis with potential for patient risk stratification.

Molecular signatures have gained increasing importance for their
potential in stratifying patients according to their prognosis (prognostic
biomarkers) or in predicting the response of a given patient to a treat-
ment (predictive biomarkers). A gene expression signature consists of a
set of genes that are correlated with a certain variable of interest, such as
diagnosis, treatment response or prognosis. With the advent of multi-
omics approaches there has been an explosion of molecular signatures
in HNSCC, but none have yet been translated into clinical practice [3] [–]
[6]. Tissue p16INK4A has been used as single prognosis biomarker in
clinical practice and when combined with TNM staging establish the
HNSCC prognosis [7]. p16INK4A immunohistochemistry (IHC) alone
showed a sensitivity of 94% (95% CI: 91–97%) and a specificity of 83%
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Fig. 1. Flowchart of the methodology of this study.
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(95% CI: 78–88%). Although highly sensitive, is moderately specific for
HPV-driven HNSCC. Therefore, if p16INK4A IHC is positive, HPV-testing
must be done to distinguish HPV-driven HNSCC from HPV-non driven
cancers [8,9]. There is already some evidence of the role of gene signa-
tures based on HPV status in predicting the sensitivity or resistance of
patients to radiotherapy and certain chemotherapy treatments, as well as
in risk stratification of patients with HNSCC [3]. Recent studies have also
evaluated the potential of TP53 mutations in predicting the prognosis of
HNSCC patients. TP53 gene is the most mutated gene in HNSCC. The
mutational profile is site-specific and changes with tumour stage. TP53
mutations are associated with a poorer prognosis and resistance to
chemotherapy and radiotherapy treatments. p53 protein is the TP53 gene
translation product and has a much higher frequency of mutations in
HPV-non-driven HNSCC, since the E6 viral proteins encoded by HPV bind
to p53 inactivating it, assuming a crucial role in the pathophysiology of
HPV-non-driven HNSCC [10,11].

Our work aims to identify a gene panel that act synergistically in
establishing prognosis in HNSCC patients with potential to allow
2

stratification into HPV-driven HNSCC and HPV-non-driven HNSCC, as
well as TP53-mutant HNSCC and TP53-nonmutant HNSCC. An algorithm
based on a bibliometric analysis and bioinformatic tools was created as a
cornerstone for the identification of prognostic biomarkers of HNSCC.

2. Methods

Search strategy and refined data. The publication search was per-
formed using Scopus. The literature type was defined as "all types" and the
keywords were set to cover as many results related to the topic under study
as possible. The search formula used was the following: “((head AND neck
ANDcancer)OR (headANDneckANDsquamousANDcell ANDcarcinoma)
OR (oral AND squamous AND cell AND carcinoma) OR (nasopharyngeal
AND squamous AND cell AND carcinoma) OR (oropharyngeal AND squa-
mous AND cell AND carcinoma) OR (laryngeal AND squamous AND cell
AND carcinoma) OR (lip AND squamous AND cell AND carcinoma) OR
(tongue AND squamous AND cell AND carcinoma) OR (paranasal AND si-
nuses AND squamous AND cell AND carcinoma) AND prognosis))”. The



Fig. 2. Venn Diagram of HNSCC common genes identified by VosViewer
and DisGeNET.

Table 1
Genes selected from Venn Diagram.

Gene
symbol

Protein encoded by the
gene of interest

Expression in
HNSCC tissue in
comparison to
normal tissue

Overall survival
analysis1

Gene1 Protein2

ABCB1 ATP-dependent
translocase ABCB1

↓ ns HR ¼ 0.549
(0.420–0.717)*

ABCG2 Broad substrate specificity
ATP-binding cassette
transporter ABCG2

↓ ↓ HR ¼ 1.33
(1.02–1.75)*

AKT1 RAC-alpha serine/
threonine-protein kinase

↑ ↑ HR ¼ 1.56
(1.19–2.03)*

ALDH1A1 Aldehyde Dehydrogenase
1 Family Member A1

↓ ↓ Ns

ALDH2 Aldehyde Dehydrogenase
2 Family Member

↓ ↓ HR ¼ 0.549
(0.384–0.785)*

ANO1 Anoctamin-1 ↑ ↑ HR ¼ 1.76
(1.35–2.32)*

AREG Amphiregulin ns N/A HR ¼ 1.72
(1.32–2.25)*

ATM ATM Serine/Threonine
Kinase

ns ↑ HR ¼ 0.621
(0.424–0.908)*

ATP7B Copper-transporting
ATPase 2

↓ N/A HR ¼ 1.51
(0.999–2.28)*

B2M Beta-2-Microglobulin ↑ ↑ HR ¼ 1.41
(1.05–1.88)*

BAP1 Ubiquitin carboxyl-
terminal hydrolase BAP1

ns ns HR ¼ 0.667
(0.496–0.898)*

BCL2 BCL2 Apoptosis Regulator ↓ ns HR ¼ 0.6
(0.444–0.811)*

BCL2L1 Bcl-2-like protein 1 ↓ N/A Ns
BMI1 Polycomb complex

protein BMI-1
ns N/A ns

BRAF B-Raf Proto-Oncogene
Serine/Threonine Kinase

↓ ns ns

CASP8 Caspase 8 ↑ ↑ HR ¼ 1.49
(1.01–2.2)*

CCNA1 Cyclin A1 ↑ N/A HR ¼ 1.77
(1.35–2.31)*

CCNA2 Cyclin A2 ↑ ↑ HR ¼ 1.69
(1.06–2.67)*

CCNB1 Cyclin B1 ↑ ↑ HR ¼ 1.95
(1.15–3.29)*

CCND1 Cyclin D1 ns ↑ HR ¼ 1.8
(1.34–2.43)*

CD44 Cluster of Differentiation
44

↑ ↑ HR ¼ 1.63
(1.15–2.31)*

CD274 Cluster of Differentiation
274

↑ ↑ HR ¼ 1.36
(1.04–1.78)*

CDK4 Cyclin-dependent kinase 4 ↑ ns No
CDKN2A Cyclin-Dependent Kinase

Inhibitor 2A
↑ ↓ HR ¼ 0.562

(0.401–0.787)*
CKAP4 Cytoskeleton-associated

protein 4
↑ ↑ No

CSF3 Granulocyte colony-
stimulating factor

ns N/A HR ¼ 1.38
(1.05–1.81)*

CTLA4 Cytotoxic T-lymphocyte
protein 4

↑ N/A HR ¼ 0.573
(0.439–0.747)*

CTNNB1 Catenin Beta 1 ↓ ↓ HR ¼ 1.54
(1.1–2.16)*

CTTN Src substrate cortactin ns ↑ HR ¼ 1.79
(1.37–2.34)*

CYLD Ubiquitin carboxyl-
terminal hydrolase CYLD

ns ns HR ¼ 0.796
(0.607–1.04)*

CYP1A1 Cytochrome P450 Family
1 Subfamily A Member 1

↓ N/A HR ¼ 1.41
(1.04–1.9)*

DPYD Dihydropyrimidine
dehydrogenase
[NADP(þ)]

↓ ns HR ¼ 1.55
(1.07–2.25)*

EGFR Epidermal Growth Factor
Receptor

↑ ↑ HR ¼ 1.6
(1.11–2.31)*

EP300 Histone acetyltransferase
p300

ns ↑ HR ¼ 0.713
(0.466–1.09)*

ERBB2 Receptor tyrosine-protein
kinase erbB-2

↓ ↓ HR ¼ 0.68
(0.519–0.892)*

(continued on next page)
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search referred to scientific articles, excluding review articles to avoid data
redundancy. All searches were conducted in July 2022.

Data analysis. Data results were obtained on Scopus using the above
search formula and exported in a CSV format that was uploaded in
VosViewer (v1.6.15) to construct a bibliometric network. In this case, we
created a co-occurrence network of all keywords using a full counting
method by importing the bibliographic information from Scopus. The
established minimum number of occurrences of a keyword was 5 and the
number of selected terms was 9499. From the bibliometric network, the
relationship between the selected keywords by text-mining was explored.
Each node is associated with a different keyword and the node size
indicate the occurrence frequency of the term and its relative weight in
the network. The lines between nodes represent the strength of interac-
tion between terms, while the different colors allow the identification of
different clusters of related keywords. For each keyword, all the genes
and their encoded proteins were extracted using UNIPROT (https
://www.uniprot.org/). To ensure that only HNSCC – associated genes
were integrated into this study, a parallel search was done in DisGeNET
(https://www.disgenet.org/). A filter was applied for gene-disease as-
sociation (GDA) score greater than 0.1, as very low values of GDA score
are associated to genes with very limited expression in HNSCC. An
interactive Venn diagram (http://jvenn.toulouse.inra.fr/app/index.h
tml), was used to perform an intersection analysis of the genes ob-
tained from VOSViewer and DisGeNET, which allowed us to identify the
genes from the bibliometric network with a relationship well established
to HNSCC.

Identification of the prognostic genes. Not every gene is transcrip-
tionally active. To get a deeper insight about the patterns of gene
expression associated to our genes of interest the corresponding expressed
RNAs (TCGA) and proteins (CPTAC) were evaluated in UALCAN (http://u
alcan.path.uab.edu/), in GEPIA2 (http://gepia2.cancer-pku.cn/#index)
and in tumor prognostic analysis platform (ToPP) (http://www.biosta
tistics.online/topp/index.php) [12–14]. UALCAN is a bioinformatic tool
based on level 3 RNA-seq and clinical evidence from TCGA and CPTAC
database. It is a very versatile web tool that allows cancer multi-omics data
to bemade public in a more intuitive way. In this study, UALCANwas used
to understand how the transcriptional levels of candidate genes are
modulated by HPV status and TP53 mutational status and to evaluate the
protein expression of the proteins encoded by the genes of interest in
HNSCC [15]. GEPIA2 was used to complement the results obtained at
UALCAN in terms of analysing the differential expression of genes of in-
terest in tumors and normal tissues using “Expression analysis – Differ-
ential genes” module with the following conditions: HNSCC dataset,
3
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Table 1 (continued )

Gene
symbol

Protein encoded by the
gene of interest

Expression in
HNSCC tissue in
comparison to
normal tissue

Overall survival
analysis1

Gene1 Protein2

ERBB3 Receptor tyrosine-protein
kinase erbB-3

↓ ns HR ¼ 0.658
(0.504–0.86)*

ERCC1 DNA excision repair
protein ERCC-1

ns ns HR ¼ 1.29
(0.955–1.75)*

ERCC2 General transcription and
DNA repair factor IIH
helicase subunit XPD

↑ ↑ HR ¼ 1.66
(1.23–2.24)*

FANCA Fanconi anemia group A
protein

↑ ns ns

FANCB Fanconi anemia group B
protein

↑ N/A HR ¼ 0.575
(0.355–0.932)*

FANCC Fanconi anemia group C
protein

↑ N/A HR ¼ 0.485
(0.303–0.777)*

FANCD2 Fanconi anemia group D2
protein

↑ ns HR ¼ 0.547
(0.345–0.868)*

FANCE Fanconi anemia group E
protein

↑ N/A HR ¼ 0.597
(0.401–0.888)*

FANCF Fanconi anemia group F
protein

ns N/A ns

FANCG Fanconi anemia group G
protein

↑ N/A HR ¼ 0.678
(0.477–0.962)*

FANCI Fanconi anemia group I
protein

↑ ns HR ¼ 0.693
(0.486–0.988)*

FANCL E3 ubiquitin-protein
ligase FANCL

↑ N/A HR ¼ 0.555
(0.36–0.856)*

FANCM Fanconi anemia group M
protein

↑ N/A HR ¼ 0.669
(0.465–0.961)*

FAT1 Very long-chain fatty acid
transport protein

↑ ↑ HR ¼ 1.62
(1.15–2.29)*

FBXW7 F-box/WD repeat-
containing protein 7

↓ N/A HR ¼ 0.663
(0.488–0.9)*

GNAS Guanine nucleotide-
binding protein G(s)
subunit alpha isoforms
short

↓ ns HR ¼ 1.51
(1.15–1.99)*

GPX1 Glutathione peroxidase 1 ↓ ↓ ns
GSTM1 Glutathione S-Transferase

Mu 1
ns ↓ HR ¼ 0.712

(0.507–0.999)*
GSTP1 Glutathione S-Transferase

Pi 1
↑ ↑ HR ¼ 1.57

(1.19–2.07)*
GSTT1 Glutathione S-Transferase

Theta 1
↓ ↓ ns

HGF Hepatocyte growth factor ↓ ↓ HR ¼ 0.677
(0.516–0.89)*

HIF1A Hypoxia Inducible Factor
1 Subunit Alpha

↑ ↑ ns

HPGDS Hematopoietic
prostaglandin D synthase

↓ ↓ HR ¼ 0.57
(0.429–0.758)*

HRAS GTPase HRas ns ns ns
IDH2 Isocitrate dehydrogenase

[NADP], mitochondrial
↓ ↓ ns

IGF1 Insulin-Like Growth
Factor 1

↓ ↓ ns

IL1A Interleukin 1 Alpha ↑ ns HR ¼ 1.67
(1.21–2.31)*

IL6 Interleukin 6 ↓ N/A HR ¼ 1.66
(1.19–2.32)*

KRAS KRAS Proto-Oncogene,
GTPase

ns ns ns

MAP2K1 Mitogen-Activated
Protein Kinase Kinase 1

↑ ↑ HR ¼ 1.6
(1.22–2.08)*

MAP2K2 Mitogen-Activated
Protein Kinase Kinase 2

↓ ns HR ¼ 0.639
(0.45–0.905)*

MAPK1 Mitogen-Activated
Protein Kinase 1

ns ns Ns

MAPK3 Mitogen-Activated
Protein Kinase 3

↓ ↓ ns

MAPK9 Mitogen-Activated
Protein Kinase 9

ns ↓ HR ¼ 1.63
(1.22–2.18)*

Table 1 (continued )

Gene
symbol

Protein encoded by the
gene of interest

Expression in
HNSCC tissue in
comparison to
normal tissue

Overall survival
analysis1

Gene1 Protein2

MERTK MER Proto-Oncogene,
Tyrosine Kinase

ns N/A ns

MET Indolethylamine N-
methyltransferase

↑ ↑ HR ¼ 1.64
(1.24–2.18)*

MGMT O-6-Methylguanine-DNA
Methyltransferase

↓ ↓ ns

MLH1 MutL Homolog 1 ↓ ↑ HR ¼ 0.681
(0.468–0.991)*

MMP2 Matrix Metallopeptidase 2 ↑ ↑ ns
MMP9 Matrix Metallopeptidase 9 ↑ ↑ HR ¼ 1.42

(1.01–1.98)*
MTOR Serine/threonine-protein

kinase mTOR
ns ↑ HR ¼ 0.75

(0.575–0.98)*
NFE2L2 Nuclear Factor, Erythroid

2 Like 2
↓ N/A ns

NOTCH1 Notch Receptor 1 ns ns ns
PDCD1 Programmed cell death

protein 1
ns N/A HR ¼ 0.656

(0.498–0.862)*
PIK3CA Phosphatidylinositol-4,5-

Bisphosphate 3-Kinase
Catalytic Subunit Alpha

↑ ↑ HR ¼ 1.51
(1.05–2.17)*

PIK3CB Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase
Catalytic Subunit Beta

↑ ↓ HR ¼ 0.762
(0.585–0.993)*

PIK3CD Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase
Catalytic Subunit Delta

↑ ↑ HR ¼ 0.75
(0.567–0.992)*

PIK3CG Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase
Catalytic Subunit Gamma

ns ns HR ¼ 0.594
(0.425–0.829)*

PRAME Melanoma antigen
preferentially expressed in
tumors

↑ ns HR ¼ 1.72
(1.31–2.26)*

PTEN Phosphatase and Tensin
Homolog

ns ↑ ns

PTGS2 Prostaglandin-
Endoperoxide Synthase 2

↑ ↑ HR ¼ 0.55
(0.379–0.799)*

RAC1 Ras-related C3 botulinum
toxin substrate 1

ns ↑ ns

RAD51 DNA repair protein
RAD51 homolog 1

↑ ns ns

RARB Retinoic acid receptor
beta

↓ N/A ns

SMAD4 SMAD Family Member 4 ↓ ↓ ns
SOX2 SRY-Box Transcription

Factor 2
ns ↓ ns

STAT3 Signal Transducer and
Activator of Transcription
3

↓ ↑ HR ¼ 0.65
(0.468–0.903)*

STAT6 Signal transducer and
activator of transcription
6

ns ns ns

TGFA Transforming Growth
Factor Alpha

↑ N/A HR ¼ 1.42
(1.05–1.92)*

TGFB1 Transforming Growth
Factor Beta 1

↑ ↑ HR ¼ 1.95
(1.35–2.81)*

TNF Tumour Necrosis Factor ns N/A HR ¼ 0.696
(0.522–0.928)*

TNFRSF10B Tumor necrosis factor
receptor superfamily
member 10B

↑ N/A ns

TP53 Tumour Protein P53 ns ↑ HR ¼ 0.601
(0.387–0.934)*

TP63 Tumour Protein P63 ↑ ↑ ns
TYMS Thymidylate synthase ↑ ↑ HR ¼ 1.85

(1.13–3.04)*
VEGFA Vascular Endothelial

Growth Factor A
↑ ns ns

VIM Vimentin ns ↓ HR ¼ 1.43
(1.01–2.02)*

(continued on next page)
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Fig. 3. Overexpressed genes in HPV-driven HNSCC. Box plot of expression of CCNB
driven HNSCC (red), HPV-non-driven HNSCC (orange) and healthy individuals (blue
with P-value as shown in Table 2. P-value <0.05 was considered to be statistically si
reader is referred to the Web version of this article.)

Table 1 (continued )

Gene
symbol

Protein encoded by the
gene of interest

Expression in
HNSCC tissue in
comparison to
normal tissue

Overall survival
analysis1

Gene1 Protein2

XRCC1 DNA repair protein
XRCC1

↑ ↑ HR ¼ 0.464
(0.27–0.798)*

YAP1 Transcriptional
coactivator YAP1

↓ ↓ ns

Abbreviations: 1, data extracted from ToPP; 2, data extracted from UALCAN; HR,
hazard ratio; N/A, no results available; ns, not statistically significant; *, statis-
tically significant (P-value <0.05).
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log2FC (fold change) cutoff 1, and P-value cutoff 0.01. The transcriptional
analysis of the genes in tumour and healthy individuals was also evaluated
on ToPP (http://www.biostatistics.online/topp/index.php).

Gene Survival-Associated Analysis. Initially, the impact of genes
identified in the Venn Diagram on the overall survival (OS) of HNSCC
patients was assessed using the online ToPP and the TCGA-HNSC dataset
(521 samples). ToPP is a user-friendly bioinformatic tool that provides
prognostic analysis using multi-omics data and clinical data of 55 tumor
types. For survival analysis in ToPP, the "Univariate analysis" function
was used, and "Best cutoff" option was selected to slit patients. A risk
score or prognostic index (PI) was built based on a linear component of
the Cox model, PI¼ β1x1þ β2x2þ…þβpxp, where β is a Cox coefficient
(risk coefficient) and x is the gene expression value. The database
1 (A), CDKN2A (B), MAP2K2 (C), PIK2CB (D), TYMS (E) and XRCC1 (F) in HPV-
). The significance difference between groups was estimated by Student's t-test
gnificant. (For interpretation of the references to color in this figure legend, the

http://www.biostatistics.online/topp/index.php


Table 2
Significant changes in the transcriptional expression of the selected genes in HPV-non-driven HNSCC, HPV-driven HNSCC and normal tissues (UALCAN).

Gene symbol Transcript per million (median) P-value from transcriptional analysis

Normal tissue HPVþ HNSCC tissue HPV- HNSCC tissue Normal vs HPVþ HNSCC Normal vs HPV- HNSCC HPVþ vs HPV- HNSCC

ABCB1 0.667 0.793 0.393 ns ns ns
ABCG2 0.756 0.699 0.91 ns ns ns
AKT1 68.189 98.363 108.478 1.61 � 10�5 6.57 � 10�12 ns
ALDH2 124.012 108.139 67.616 ns 1.89 � 10�7 1.38 � 10�3

ANO1 9.242 15.125 34.987 ns 1.90 � 10�5 9.37 � 10�4

AREG 17.08 8.142 53.445 4.22 � 10�2 4.83 � 10�4 4.70 � 10�8

ATM 3.318 5.927 5.018 8.03 � 10�5 2.30 � 10�7 ns
ATP7B 0.579 0.587 0.784 3.62 � 10�2 1.69 � 10�2 ns
B2M 2073.941 5424.817 4470.892 2.75 � 10�2 8.70 � 10�11 ns
BAP1 40.266 57.413 49.196 1.30 � 10�7 6.42 � 10�7 ns
BCL2 2.287 5.196 1.908 1.97 � 10�4 ns 7.52 � 10�5

CASP8 9.37 19.667 16.415 9.81 � 10�11 1.24 � 10�11 ns
CCNA1 0.556 0.155 5.301 ns 1.55 � 10�5 3.75 � 10�5

CCNA2 9.213 35.959 21.63 5.35 � 10�12 1.01 � 10�14 2.38 � 10�5

CCNB1 29.534 112.231 71.282 1.63 � 10�12 1.33 � 10�15 5.66 � 10�7

CCND1 65.228 26.012 61.132 ns 4.34 � 10�3 1.93 � 10�2

CD44 147.878 152.734 304.931 ns 1.89 � 10�12 1.44 � 10�9

CD274 1.691 4.299 3.702 9.97 � 10�4 3.34 � 10�6 ns
CDKN2A 3.42 184.245 10.04 1.26 � 10�11 2.01 � 10�7 2.29 � 10�10

CSF3 2.8 1.849 3.028 ns ns ns
CTLA4 0.479 6.063 2.503 4.09 � 10�9 4.17 � 10�11 5.82 � 10�4

CTNNB1 124.528 147.268 162.971 ns 1.93 � 10�2 ns
CTTN 105.405 80.577 133.819 ns 5.99 � 10�5 2.84 � 10�3

CYLD 13.105 14.16 16.599 4.78 � 10�2 4.28 � 10�5 ns
CYP1A1 0.034 0.026 0.051 ns ns ns
DPYD 9.65 11.384 9.757 ns ns ns
EGFR 20.284 21.466 39.072 ns 8.40 � 10�3 1.29 � 10�2

EP300 14.764 21.745 20.82 5.52 � 10�3 2.03 � 10�6 ns
ERBB2 84.347 50.597 49.08 ns 2.05 � 10�4 ns
ERBB3 42.006 40.141 29.222 ns 3.03 � 10�4 3.12 � 10�3

ERCC1 46.083 68.678 59.048 6.40 � 10�4 1.41 � 10�2 ns
ERCC2 6.888 11.451 11.381 8.79 � 10�8 2.93 � 10�9 ns
FANCB 0.321 1.572 0.972 1.80 � 10�10 <1 � 10�12 9.71 � 10�5

FANCC 2.178 10.062 4.375 2.55 � 10�15 1.62 � 10�12 9.01 � 10�10

FANCD2 2.915 12.848 5.457 2.15 � 10�12 6.70 � 10�10 1.50 � 10�8

FANCE 6.665 19.89 13.82 3.16 � 10�11 1.63 � 10�12 6.47 � 10�5

FANCF 3.547 5.822 5.203 5.68 � 10�5 4.81 � 10�4 ns
FANCG 8.145 34.718 15.116 1.31 � 10�11 4.95 � 10�11 1.77 � 10�6

FANCI 6.396 31.538 16.483 4.44 � 10�16 2.36 � 10�14 5.36 � 10�7

FANCL 5.398 28.678 8.593 3.64 � 10�10 1.09 � 10�8 3.07 � 10�8

FANCM 1.095 2.614 1.783 1.49 � 10�9 2.03 � 10�11 8.62 � 10�4

FAT1 27.653 56.791 98.567 1.03 � 10�4 1.33 � 10�15 2.46 � 10�3

FBXW7 10.721 9.541 7.96 ns 3.38 � 10�3 3.44 � 10�2

GNAS 618.619 886.499 783.637 ns ns 3.43 � 10�2

GSTM1 0.389 0.541 0.936 ns ns ns
GSTP1 2096.081 2395.898 2797.054 8.04 � 10�4 7.64 � 10�9 ns
HGF 0.385 0.298 0.479 ns ns ns
HPGDS 0.855 0.902 0.77 ns ns ns
IL1A 2.429 5.588 9.822 7.62 � 10�3 5.96 � 10�8 1.62 � 10�5

IL6 5.879 3.309 8.032 3.02 � 10�3 ns 1.99 � 10�2

MAP2K1 33.213 56.734 48.766 1.86 � 10�7 1.77 � 10�10 ns
MAP2K2 90.344 128.898 97.169 8.05 � 10�7 6.84 � 10�4 3.90 � 10�3

MAPK9 9.706 14.03 10.741 2.16 � 10�7 4.98 � 10�3 2.80 � 10�3

MET 10.67 13.65 36.453 4.50 � 10�2 2.67 � 10�12 3.80 � 10�5

MLH1 17.74 30.43 18.063 3.95 � 10�8 ns 4.48 � 10�8

MMP9 2.637 55.726 60.887 7.82 � 10�5 1.63 � 10�5 ns
MTOR 14.979 24.682 19.07 3.13 � 10�8 4.59 � 10�7 ns
PDCD1 0.853 5.111 1.043 2.39 � 10�7 1.36 � 10�4 8.25 � 10�5

PIK3CA 6.355 13.074 12.534 1.09 � 10�6 4.14 � 10�11 ns
PIK3CB 21.792 41.88 24.726 4.51 � 10�8 6.21 � 10�4 9.65 � 10�5

PIK3CD 3.307 8.788 9.989 3.11 � 10�8 <1 � 10�12 ns
PIK3CG 0.35 0.889 0.575 3.24 � 10�3 1.37 � 10�4 ns
PRAME 0.025 0.575 1.488 6.48 � 10�3 3.23 � 10�6 ns
PTGS2 2.984 3.526 8.104 3.01 � 10�2 5.90 � 10�3 ns
STAT3 80.694 103.858 97.685 4.16 � 10�3 3.71 � 10�2 ns
TGFA 14.312 14.398 31.581 ns 2.01 � 10�11 4.23 � 10�5

TGFB1 22.536 52.722 91.1 4.07 � 10�9 1.62 � 10�12 5.57 � 10�5

TNF 1.359 2.779 2.633 5.88 � 10�3 3.96 � 10�3 ns
TP53 39.067 97.015 34.066 6.43 � 10�11 ns 1.75 � 10�10

TYMS 16.249 99.942 34.833 1.68 � 10�12 3.93 � 10�7 4.88 � 108

VIM 205.48 373.398 490.789 ns 4.21 � 10�4 ns
XRCC1 14.684 48.945 22.322 4.54 � 10�12 3.92 � 10�10 3.39 � 10�9

Abbreviations: N/A, no results available; ns, not statistically significant.
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Fig. 4. Overexpressed genes in HPV-non-driven HNSCC. Box plot of expression of CD44 (A), FAT1 (B), MET (C) and TGFB1 (D) in HPV-driven HNSCC (red), HPV-
non-driven HNSCC (orange) and healthy individuals (blue). The significance difference between groups was estimated by Student's t-test with P-value as shown in
Table 2. P-value <0.05 was considered to be statistically significant. (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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selected was "TCGA - HNSC" (521 samples). Genes whose Kaplan-Meyer
showed a statistically significant impact on OS were studied in terms of
variation of their expression according to HPV status and TP53 muta-
tional status using UALCAN. The genes most strongly modulated by HPV
and TP53 mutational status were used to construct several combinations
of genes for prognosis of HNSCC. To select the best prognostic gene
signature with ability to mirror HPV status and TP53 mutational status,
"Multivariate analysis" function was used to analyze OS and "Best cutoff"
option was selected to slit patients. Gene signatures with a hazard ratio
(HR) > 3 and P-value <0.05 were further evaluated in terms of disease-
free survival (DFS), disease-specific survival (DSS), progression-free
survival (PFS) and relapse-free survival (RFS). Among the gene signa-
tures with statistically significant impact in all survival types, the choice
fell on the gene signatures with higher capacity to reflect the HPV and
TP53 mutational status in HNSCC patients.

Functional analysis of the chosen gene signature. Functional
enrichment analysis was performed with STRING (string-db.org) and
g:Profiler (https://biit.cs.ut.ee/gprofiler) for identification of the mo-
lecular mechanisms underlying the chosen gene signature [16,17].
Enrich items with P-value <0.05 were considered significant.

3. Results

3.1. Bibliometric analysis and molecular interaction network

In this study, we performed a multistep bioinformatic analysis to
screen key genes of HNSCC. The flowchart is displayed in Fig. 1. Firstly,
we performed an analysis in VosViewer to extract all the genes and their
encoded proteins. Then, DisGeNET was used to verify which genes
selected from VosViewer are associated with HNSCC. The detailed
analysis of the genes extracted from VosViewer network is shown in
7

Supplementary Table S1. The listed genes in C1168401, C3887461,
C0278996, C0018671, C4329280 and C4528408 datasets downloaded
from DisGeNET can be found in Supplementary Table S2.

The DisGeNET platform contained 2328 gene-disease associations.
After applying the GDA score filter, 162 disease associations genes were
obtained. The results from VosViewer and DisGeNET were analyzed, and
the information was intercepted using a Venn Diagram (Fig. 2), identi-
fying 104 common genes.

3.2. Construction and validation of a prognostic risk model

The 104 genes were studied using UALCAN and ToPP, the results of
which are shown in Table 1. From the initial 104 genes, 72 genes were
shown to have a statistically significant impact on OS of HNSCC patients.
Subsequently, we studied how gene expression patterns are influenced by
HPV status and TP53 mutational status. The most overexpressed genes in
HPV-driven HNSCC were CCNB1, CDKN2A, MAP2K2, PIK3CB, TYMS
and XRCC1, as shown in Fig. 3 and Table 2. In the case of HPV-non-driven
HNSCC, the genes with a significant increase in expression were CD44,
FAT1, MET and TGFB1 (Fig. 4 and Table 2). TP53 mutational status was
also shown to influence the expression of certain genes. In TP53-mutant
HNSCC, AKT1, ANO1, CD44, CTTN, MET, MMP9, TGFA and TGFB1 were
the most upregulated genes as described in Fig. 5 and Table 3. In TP53-
nonmutant HNSCC, CDKN2A and TYMS were the genes with signifi-
cantly increased expression compared to TP53-mutant HNSCC and
healthy patients (Fig. 6 and Table 3).

For the identification of the best gene combination, CDKN2A and
TGFB1 were selected as fixed elements for their high discriminative
power for HPVþ/HPV- HNSCC and TP53-mutant/TP53-nonmutant
HSNCC. The remaining genes that were shown to be significantly
modulated by HPV status and TP53 mutational status were used to

http://string-db.org
https://biit.cs.ut.ee/gprofiler


Fig. 5. Overexpressed genes in TP53-mutant HNSCC. Box plot of expression of AKT1 (A), ANO1 (B), CD44 (C), CTTN (D), MET (E), MMP9 (F), TGFB1(G) and TGFA
(H) in TP53-mutant HNSCC (red), TP53-nonmutant HNSCC (orange) and healthy individuals (blue). The significance difference between groups was estimated by
Student's t-test with P-value as shown in Table 3. P-value <0.05 was considered to be statistically significant. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)
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Table 3
Significant changes in the transcriptional expression of the selected genes in TP53-mutant HNSCC, TP53-nonmutant HNSCC and normal tissues (UALCAN).

Gene
symbol

Transcript per million (median) P-value from transcriptional analysis

Normal
tissue

TP53 M HNSCC
tissue

TP53 NonM HNSCC
tissue

Normal vs TP53 M
HNSCC

Normal vs TP53 NonM
HNSCC

TP53 M vs TP53 NonM
HNSCC

ABCB1 0.669 0.333 0.52 1.44 � 10-2 ns 8.28 � 10-3
ABCG2 0.746 0.741 0.619 ns ns ns
AKT1 68.216 120.014 102.236 1.62 � 10-12 6.04 � 10-13 1.02 � 10-6
ALDH2 124.012 66.607 78.721 9.42 � 10-9 5.02 � 10-3 2.48 � 10-3
ANO1 9.638 47.516 20.429 1.62 � 10-12 1.90 � 10-8 3.16 � 10-4
AREG 16.685 48.109 25.226 1.43 � 10-4 ns 4.12 � 10-3
ATM 3.355 4.86 4.639 1.62 � 10-6 1.70 � 10-5 ns
ATP7B 0.628 0.703 0.707 1.49 � 10-2 2.04 � 10-2 ns
B2M 2105.987 5129.913 5362.382 1.62 � 10-12 1.62 � 10-12 ns
BAP1 40.266 49.134 52.512 1.47 � 10-9 7.90 � 10-11 ns
BCL2 2.262 1.266 1.775 4.69 � 10-2 2.55 � 10-4 1.35 � 10-6
CASP8 9.374 16.423 17.078 <1 � 10-12 1.62 � 10-12 ns
CCNA1 0.531 2.908 0.959 1.76 � 10-12 4.02 � 10-4 2.99 � 10-4
CCNA2 9.288 23.41 23.916 1.62 � 10-12 <1 � 10-12 1.87 � 10-2
CCNB1 31.362 71.269 81.182 <1 � 10-12 1.62 � 10-12 ns
CCND1 68.631 71.674 46.055 2.46 � 10-10 ns 2.60 � 10-6
CD44 148.668 309.755 222.861 1.62 � 10-12 4.77 � 10-9 1.96 � 10-4
CD274 1.706 3.26 4.378 1.02 � 10-10 3.69 � 10-6 ns
CDKN2A 3.445 15.527 47.501 1.62 � 10-12 1.62 � 10-12 5.55 � 10-8
CSF3 2.647 2.012 2.477 ns ns ns
CTLA4 0.41 2.197 3.268 1.62 � 10-12 <1 � 10-12 2.41 � 10-4
CTNNB1 124.894 147.592 148.606 3.63 � 10-2 1.90 � 10-2 ns
CTTN 106.825 149.915 114.507 1.62 � 10-12 1.80 � 10-7 1.82 � 10-3
CYLD 13.202 16.234 16.078 4.23 � 10-6 7.73 � 10-5 ns
CYP1A1 0.034 0.031 0.021 ns ns ns
DPYD 9.727 8.675 10.416 ns ns 4.05 � 10-2
EGFR 20.398 37.16 30.416 1.72 � 10-10 1.20 � 10-4 3.66 � 10-3
EP300 14.892 19.405 19.805 3.92 � 10-7 4.43 � 10-5 ns
ERBB2 85.599 47.385 54.844 3.56 � 10-3 ns ns
ERBB3 42.897 26.313 30.592 2.34 � 10-5 2.76 � 10-3 4.22 � 10-4
ERCC1 46.256 64.429 66.296 2.21 � 10-4 1.68 � 10-5 ns
ERCC2 6.888 11.798 10.838 <1 � 10-12 4.28 � 10-12 9.56 � 10-3
FANCB 0.325 1.112 0.986 1.62 � 10-12 1.62 � 10-12 ns
FANCC 2.196 4.601 5.369 1.62 � 10-12 1.62 � 10-12 3.71 � 10-6
FANCD2 2.927 5.63 6.765 1.62 � 10-12 1.62 � 10-12 9.90 � 10-7
FANCE 6.675 14.422 15.28 <1 � 10-12 1.11 � 10-16 ns
FANCF 3.569 5.8 5.406 9.01 � 10-8 1.76 � 10-5 ns
FANCG 8.266 17.093 22.275 1.62 � 10-12 <1 � 10-12 1.88 � 10-3
FANCI 6.472 18.958 20.839 1.62 � 10-12 1.62 � 10-12 4.94 � 10-3
FANCL 5.483 9.548 9.877 1.62 � 10-12 1.62 � 10-12 4.48 � 10-6
FANCM 1.096 1.968 1.744 1.62 � 10-12 <1 � 10-12 ns
FAT1 27.791 89.847 87.613 <1 � 10-12 1.62 � 10-12 ns
FBXW7 10.497 8.18 9.374 1.80 � 10-2 ns ns
GNAS 600.245 789.105 800.503 ns ns ns
GSTM1 0.389 0.356 0.56 3.53 � 10-5 2.64 � 10-2 ns
GSTP1 2102.774 2905.781 2729.842 <1 � 10-12 6.99 � 10-11 4.32 � 10-3
HGF 0.38 0.375 0.373 ns ns ns
HPGDS 0.84 0.675 0.753 ns ns ns
IL1A 2.412 9.922 7.101 <1 � 10-12 1.98 � 10-10 ns
IL6 5.64 5.838 3.595 ns 3.50 � 10-2 ns
MAP2K1 33.925 51.812 49.476 1.62 � 10-12 1.81 � 10-12 ns
MAP2K2 90.395 103.591 106.242 3.83 � 10-8 1.01 � 10-9 ns
MAPK9 9.68 11.589 12.259 5.76 � 10-5 3.74 � 10-6 ns
MET 10.903 37.163 22.392 1.62 � 10-12 6.39 � 10-8 4.13 � 10-5
MLH1 17.681 17.819 21.406 ns 6.61 � 10-8 4.98 � 10-10
MMP9 2.874 74.272 58.706 1.62 � 10-12 1.66 � 10-12 2.15 � 10-2
MTOR 15.041 20.281 20.579 7.29 � 10-13 6.71 � 10-11 ns
PDCD1 0.853 0.985 2.235 3.59 � 10-6 1.66 � 10-12 2.97 � 10-8
PIK3CA 6.414 12.292 10.736 <1 � 10-12 1.64 � 10-12 1.90 � 10-2
PIK3CB 22.197 26.777 28.124 1.63 � 10-7 4.69 � 10-8 ns
PIK3CD 3.363 9.209 9.282 <1 � 10-12 1.67 � 10-12 ns
PIK3CG 0.368 0.489 0.77 3.50 � 10-3 3.50 � 10-7 1.02 � 10-3
PRAME 0.023 1.718 0.196 <1 � 10-12 2.03 � 10-8 ns
PTGS2 2.581 6.305 4.677 1.70 � 10-10 1.79 � 10-6 ns
STAT3 80.942 91.132 94.38 ns 4.58 � 10-3 1.86 � 10-2
TGFA 14.318 26.971 21.807 6.04 � 10-14 7.47 � 10-7 1.49 � 10-2
TGFB1 23.029 100.812 76.704 <1 � 10-12 1.62 � 10-12 5.49 � 10-7
TNF 1.337 2.363 2.199 2.11 � 10-7 1.20 � 10-4 ns
TP53 41.119 38.493 54.242 1.21 � 10-2 4.04 � 10-9 1.53 � 10-5
TYMS 16.618 37.063 49.839 1.62 � 10-12 <1 � 10-12 2.16 � 10-5
VIM 205.48 454.124 457.081 3.90 � 10-5 4.32 � 10-3 ns
XRCC1 14.803 25.481 28.007 <1 � 10-12 <1 � 10-12 1.59 � 10-7

Abbreviations: N/A, no results available; ns, not statistically significant; TP53 NonMHNSCC tissue, TP53-nonmutant HNSCC tissue; TP53MHNSCC tissue, TP53-mutant
HNSCC tissue.
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Fig. 6. Overexpressed genes in TP53-nonmutant HNSCC. Box plot of expression of CDKN2A (A) and TYMS (B) in TP53-mutant HNSCC (red), TP53-nonmutant
HNSCC (orange) and healthy individuals (blue). The significance difference between groups was estimated by Student's t-test with P-value as shown in Table 3. P-
value <0.05 was considered to be statistically significant. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)
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construct several gene combinations. The performance of these prog-
nostic signatures was assessed using multivariate analysis in ToPP plat-
form and the results are shown in Supplementary Table S3. Of all possible
combinations, seven gene signatures showed a HR > 3 and a P-value
<0.05 in the overall survival analysis, as shown in Fig. 7.

These signatures were further characterized in terms of disease-free
survival (DFS), disease-specific survival (DSS), progression-free survival
(PFS) and relapse-free survival (RFS) in Supplementary Figures S1-S4,
whose results are summarized in Table 4. It was possible to observe that
only two gene signatures showed a statistically significant correlation
with all types of survival analysis. These two combinations were
CDKN2A þ TGFB1 þ CD44 þ MMP9 and CDKN2A þ TGFB1 þ MAP2K2
þ TYMS. Of these two gene combinations, CDKN2A þ TGFB1 þ CD44 þ
MMP9 was chosen because it had three genes overexpressed in TP53-
mutant HNSCC (TGFB1, CD44 and MMP9), one gene overexpressed in
TP53-nonmutant HNSCC (CDKN2A), one gene overexpressed in HPV-
driven HNSCC (CDKN2A), and two genes overexpressed in HPV-non-
driven HNSCC (TGFB1 and CD44). The risk score of the selected gene
combination was (0.0706 x CD44)þ (�0.0534 x CDKN2A)þ (�0.0503 x
MMP9) þ (0.273 x TGFB1). After selecting the best gene combination,
the prognostic accuracy of the four-gene signature risk score compared
with other clinical factors was assessed, the results of which are shown in
Fig. 8. It was possible to verify that the combination of our gene signature
with other variables such as gender, race and histological grade showed a
statistically significant impact on the OS of HNSCC patients. Regarding
gender, female HNSCC patients presenting the chosen prognostic genes
showed a higher risk (HR: 4.42 vs 2.69) compared to male HNSCC pa-
tients presenting the same gene signature. Regarding race, Asian patients
expressing the genes of interest showed a much higher impact (HR: 4.92
� 109 vs 1.9) on survival compared to Caucasian patients. When
assessing the impact on OS of histological grade in HNSCC patients
presenting the chosen gene signature, a higher risk score was observed
for Gx and G1 histological grades (HR(G1): 5.12, HR(G2): 1.66, HR(G3):
4.33 and HR(Gx): 5.36). From the gene signature, three of the four genes
of interest correspond to differentially expressed genes in HNSCC, as
shown in Table 5.

3.3. Functional enrichment

The PPI network obtained in STRING (Fig. 9A) allows verifying the
close relationship among all genes that are part of the chosen signature.
When the extended version of the PPI network (Fig. 9B) was obtained it
was possible to observe that this set of genes is strongly associated to the
TP53 pathway, which is in line with the results described above. g:Pro-
filer analysis shown that the enriched items were mainly related to
10
regulation of endopeptidase activity involved in apoptosis, regulation of
protein modifications (phosphorylation, proteolysis), regulation of DNA
damage response and collagen binding, as shown in Fig. 10.

4. Discussion

In the present study, a four-gene signature for HNSCC prognosis was
identified. This signature contains genes whose expression changes
significantly according to HPV status and TP53 mutational status,
potentially discriminating HNSCC into HPV-driven HNSCC versus HPV-
non-driven HNSCC and TP53-mutant HNSCC versus TP53-nonmutant
HNSCC. In addition, this gene signature contains CDKN2A gene encod-
ing p16, which is currently the only biomarker used in the clinic to
establish prognosis. No study to date has identified a gene signature that
allows this type of prognostic stratification considering HPV and TP53
mutational status. Therefore, in this work, an innovative methodology
based on an automatic text mining feature of VosViewer was used. All
proteins and genes of each keyword of the bibliometric network gener-
ated with this software were extracted using UNIPROT. In combination
with DisGeNET, 104 genes with a well-established relationship with
HNSCC (GDA score >0.1) were selected. Analyzing the expression pro-
files of the genes of interest (TCGA and CPTAC) and the impact on sur-
vival, a four-gene signature was identified that among all those studied is
the one with the most potential in predicting prognosis in patients with
HNSCC, as well as HPV and TP53 mutational status. The TP53 gene is the
most frequently mutated gene in HPV-non-driven HNSCC. The associated
TP53 mutations play a major role in the early stages of carcinogenesis
and tumor progression. TP53 mutations are associated with a worse
prognosis, poorer response to chemotherapy treatments, and higher
tumor recurrence rates [18] [–] [21].

The genes that constitute the chosen prognostic signature are:
CDKN2A, TGFB1, CD44 and MMP9. This signature has a risk group
hazard ratio of 3.04 (IC 95%: 1.73–5.32), demonstrating an increased
risk of death in patients who present this gene signature. The OS of the
high-risk group is worse than the low-risk group (P < 0.0001) allowing a
risk stratification of the HNSCC patients for wiser adjustment of the
treatment schemes and follow-up orientations. The relationship between
the expression of each of the genes and HPV status and TP53 mutational
status was studied, and it was possible to observe that TGFB1, CD44 and
MMP9 were overexpressed in TP53-mutant HNSCC, while CDKN2A was
overexpressed in TP53-nonmutant HNSCC. In Fig. 9, we can observe that
our signature genes are strongly linked to TP53, which consolidates the
potential of this signature to reflect TP53 mutational status. In Fig. 10,
signal transduction in DNA damage response by p53 is one of the main
pathways associated with the chosen gene signature, which reinforces



Fig. 7. Kaplan-Meier survival analysis in ToPP Database. OS analysis of the following gene combinations: CDKN2A þ TGFB1 þ CD44 (A), CDKN2A þ TGFB1 þ
CD44 þMMP9 (B), CDKN2A þ TGFB1 þ CD44 þ TGFA (C), CDKN2A þ TGFB1 þMAP2K2 þ TYMS (D), CDKN2A þ TGFB1 þ PIK3CB þ CTTN (E), CDKN2A þ TGFB1
þ XRCC1 þ CTTN (F) and CDKN2A þ TGFB1 þ XRCC1 þ TGFA (G) using the HNSCC dataset. A red line indicates the survival curve of the patient group at higher risk
of death. A black line indicates the survival curve of the patient group with lower risk of death. Tick marks indicate censored data points; P-values are determined by
log-rank tests. The size of each patient group, the hazard ratio of the two groups of patients and the log-rank P-value are reported and summarized in Table 4. (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

O. Barros et al. Oral Oncology Reports 5 (2023) 100018

11



Table 4
Survival analysis of the top seven gene signatures in ToPP platform.

OS PFI DSS DFI RFS

CDKN2A TGFB1 HR ¼ 3 (1.67–5.37) HR ¼ 1.8 (1.21–2.69) HR ¼ 2.28 (1.5–3.47) HR ¼ 1.67 (0.733–3.78) HR ¼ 1.51 (0.979–2.32)
CD44 P ¼ 0.0001 P ¼ 0.0034 P < 0.0001 P ¼ 0.22 P ¼ 0.061
CDKN2A TGFB1 HR ¼ 3.04 (1.73–5.32) HR ¼ 1.96 (1.4–2.72) HR ¼ 2.14 (1.5–3.03) HR ¼ 2.17 (0.994–4.72) HR ¼ 1.96 (1.05–3.66)
CD44 MMP9 P < 0.0001 P < 0.0001 P < 0.0001 P ¼ 0.046 P ¼ 0.032
CDKN2A TGFB1 HR ¼ 3.05 (1.7–5.46) HR ¼ 1.94 (1.26–2.97) HR ¼ 1.86 (1.31–2.64) HR ¼ 1.71 (0.752–3.89) HR ¼ 1.59 (0.957–2.64)
CD44 TGFA P < 0.0001 P ¼ 0.002 P ¼ 0.00039 P ¼ 0.2 P ¼ 0.071
CDKN2A TGFB1 MAP2K2 TYMS HR ¼ 3.01 (2.07–4.38) HR ¼ 1.5 (1.12–2.01) HR ¼ 2.2 (1.55–3.11) HR ¼ 2.46 (1.15–5.23) HR ¼ 1.91 (1.12–3.25)

P < 0.0001 P ¼ 0.0062 P < 0.0001 P ¼ 0.016 P ¼ 0.016
CDKN2A TGFB1 PIK3CB CTTN HR ¼ 3.11 (1.77–5.45) HR ¼ 1.84 (1.23–2.75) HR ¼ 1.89 (1.33–2.68) HR ¼ 1.95 (0.906–4.19) HR ¼ 2.21 (1.21–4.04)

P < 0.0001 P ¼ 0.0024 P ¼ 0.00034 P ¼ 0.082 P ¼ 0.0078
CDKN2A TGFB1 XRCC1 CTTN HR ¼ 3.07 (1.75–5.38) HR ¼ 2.32 (1.32–4.06) HR ¼ 1.96 (1.36–2.81) HR ¼ 5.19 (0.0704–38.2) HR ¼ 2.02 (1.06–3.88)

P < 0.0001 P ¼ 0.0026 P ¼ 0.00022 P ¼ 0.07 P ¼ 0.03
CDKN2A TGFB1 XRCC1 TGFA HR ¼ 3 (1.67–5.37) HR ¼ 1.87 (1.17–3.01) HR ¼ 1.97 (1.34–2.88) HR ¼ 2.05(0.872–4.84) HR ¼ 1.67 (1.01–2.77)

P ¼ 0.0001 P ¼ 0.0084 P ¼ 0.00039 P ¼ 0.093 P ¼ 0.045

Abbreviations: DFI, disease-free survival; DSS, disease-specific survival; HR, hazard ratio; P, P-value; PFI, progression-free survival; OS, overall survival; RFS, relapse-
free survival.
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the results obtained in this work. Regarding HPV status, we observed that
the expression of CDKN2A was increased in HPV-driven HNSCC, while
the expression of TGFB1 and CD44 was increased in HPV-non-driven
HNSCC. These genes were also characterised in terms of biological and
molecular processes to understand the role of this signature in HNSCC
(Fig. 10).

CDKN2A is a CDK inhibitor that interacts with both CDK4 and CDK6,
preventing their binding to cyclins D and consequently inhibiting RB1
phosphorylation. It works as a tumor suppressor as it induces cell cycle
arrest at G1 and G2/M checkpoints [22]. There is evidence in the liter-
ature supporting the role of CDKN2A in the prognosis of HNSCC. Some
studies have shown that hypermethylation and copy number loss of
CDKN2A gene are associated with worse OS in patients with HNSCC [23,
24]. The p16INK4A encoded by CDKN2A gene besides being a biomarker
with high sensitivity for HPV status may reflect the genetic alterations of
CDKN2A in patients with HNSCC. On the other hand, patients who are
positive for p16INK4A and negative for p53 have a better prognosis than
patients who are positive only for p16INK4A [25]. Studies demonstrating
the detection and quantification of this protein in biological fluids as
prognostic biomarkers of HNSCC are still scarce. However, some studies
have detected hypermethylated p16INK4A in saliva and blood samples
and demonstrated its correlation with HNSCC prognosis [26].

TGFB1 is a multifunctional peptide belonging to the transforming
growth factor beta superfamily of cytokines. This polypeptide binds to
TGFB receptors leading to the activation of the SMAD signalling pathway
which regulates the transcription of hundreds of genes. The protein
encoded by TGFB1 is involved in various cellular processes such as cell
growth, cell differentiation, cell migration and apoptosis [27]. Elahi and
Rakhshan have shown that high levels of TGFB1 are associated with a
better prognosis in patients with oral squamous cell carcinoma [28]. The
TGFB1 rs1800470 and TGFB1 rs1982073 polymorphisms were studied
using peripheral blood samples from patients with HNSCC and shown to
be associated with better DFS and OS [29–31]. The impact of TGFB1 on
HNSCC is not yet established because of the dual role of this biomarker in
suppressing abnormal cell proliferation in normal cells and promoting
the ability to invade and metastasize in cancer [22].

CD44 is a surface glycoprotein that is overexpressed in several types
of cancer. This cell-surface receptor helps cells to elaborate their response
to changes in the tumour microenvironment, as it is associated with the
regulation of cell-cell interactions, cell adhesion and migration [32]. A
12
meta-analysis performed by Chen et al. showed that CD44 is associated to
a worse prognosis for cancer of the larynx and pharynx. Regarding oral
cancer the results were not conclusive [33]. A few studies have evaluated
the role of CD44 obtained from saliva and blood samples of patients with
HNSCC, with most linking elevated solCD44 levels to worse PFS and OS
[34,35].

MMP9 is a Zn2þ dependent endopeptidase is secreted as a zymogen
and activated by the plasminogen/plasmin system. This metal-
loproteinase is involved in the degradation of extracellular matrix pro-
teins and leukocyte migration. MMP9 cleaves type IV and V collagens in
shorter fragments and degrades fibronectin. CD44 binds to MMP2 and
MMP9, which promote CD44 gene tail cleavage with CD44 intra-
cytoplasmic domain (CD44ICD) release which is associated with cell
migration and invasion [36]. Ameta-analysis by Thangaraj et al. supports
that high levels of MMP9 protein are associated with a worse prognosis of
oral tongue squamous cell carcinoma [37]. This biomarker has been
shown to have much potential in predicting OSCC recurrence in cases
where surgical resections of the tumor are performed with histologically
negative surgical margins [38]. Ruokolainen et al. demonstrated that
serum MMP9 correlates with tissue MMP9 in patients with HNSCC. Pa-
tients with high MMP9 levels had the shortest cause-specific survival,
RFS and OS [39]. One study evaluated salivary MMP9 levels before and
after surgical treatment to patients with HNSCC. A statistically significant
decrease in MMP9 levels was observed in patients after surgery, indi-
cating that this biomarker has potential to be used in prognosis [40].

Albeit our study shows promising results, these need to be validated
envisioning the translation of this set of genes to the clinical practice.
Moreover, the use of several bioinformatic tools, each one based on a
different methodology, may be a source of bias, supporting the need of
data validation. Gene signatures could be articulated with clinical and
histopathological data through the construction of a prognostic nomo-
gram to obtain more reliable prognostic models. Furthermore, there is a
great potential to enhance bioinformatics analysis with artificial intelli-
gence envisioning the integration of clinical and histopathological data,
multi-omics data and pharmacometrics. The ultimate goal is the creation
of decision algorithms to tailor treatment choices to each patient's
"omics" profile [41]. Omics encompasses multiple levels of molecular
analysis, and the future will see machine learning approach to
multi-omics disease data and decision-supporting tool.
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Fig. 8. Kaplan–Meier survival curves for validation in silico of the four-gene model based on different clinical characteristics in ToPP. Overall survival for Asian HNSCC
patients presenting the selected gene signature (A). Overall survival for Caucasian HNSCC patients presenting the selected gene signature (B). Overall survival for male
HNSCC patients presenting the selected gene signature (C). Overall survival for female HNSCC patients presenting the selected gene signature (D). Overall survival for
G1 HNSCC patients presenting the selected gene signature (E). Overall survival for G2 HNSCC patients presenting the selected gene signature (F). Overall survival for
G3 HNSCC patients presenting the selected gene signature (G). Overall survival for GX HNSCC patients presenting the selected gene signature (H). A red line indicates
the survival curve of the patient group at higher risk of death. A black line indicates the survival curve of the patient group with lower risk of death. Tick marks
indicate censored data points; P-values are determined by log-rank tests. The size of each patient group, the hazard ratio of the two groups of patients and the log-rank
P-value are reported. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Table 5
Differentially Expressed Genes from the selected gene signature in HNSCC in
GEPIA2.

Median TPM
(Tumor)

Median TPM
(Normal)

Log2(FC) adjP

CDKN2A 25.100 4.623 2.377 3.83 �
10�5

TGFB1 67.982 17.279 1.916 2.38 �
10�51

MMP9 56.261 2.529 4.020 7.10 �
10�36

Abbreviations: adjP, adjusted P-value, Log2(FC), fold change; Median TPM,
median transcript per million.

Fig. 9. PPI network in STRING. Protein-Protein interactions of the query proteins
pathways (B).

Fig. 10. Gene signature functional enrichment. Top up regulated pathway
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5. Conclusion

In this study, a gene-based signature composed by CDKN2A, CD44,
MMP9 and TGFB1 genes was identified for prognosis and risk stratifi-
cation of HNSCC using data from online free databases. In addition, it has
the potential to mirror both HPV status and TP53 mutational status,
proposing a novel strategy/gene panel to be used during the patient risk
stratification process and allowing the development of integrative tools
to advance precision medicine. If validated in large independent studies
and studied their predictive power, these biomarkers may be useful as
prognostic and predictive biomarkers in HNSCC.
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