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Purpose: The inflammatory response was associated with the prognosis of head and neck squamous cell carcinoma (HNSCC). This
study aimed to perform a novel prognostic signature based on inflammation-related genes (IRGs) for a better understanding of the
prognosis of HNSCC.
Patients and Methods: IRGs were obtained from The Cancer Genome Atlas (TCGA) database and the Gene Expression Omnibus
(GEO) database. Functional enrichment analysis was performed to explore potential pathways. Univariate and multivariate Cox
regression as well as the Least Absolute Shrinkage and Selection Operator (LASSO) were utilized to construct an IRGs-based
prognostic model on TCGA database and the GEO database was utilized for outcome validation. The nomogram model was
constructed based on independent prognostic factors after univariate and multivariate Cox regression. The immune cell infiltration
level was analyzed via the Tumor Immune Estimation Resource (TIMER) database.
Results: In this study, we confirmed that 60% IRGs were abnormally expressed in HNSCC samples, and these were associated with
important oncobiology. Then, a prognostic signature comprising 7 hub genes was generated based on TCGA database. The results
were validated in 97 patients from GSE41613. A nomogram comprising risk score, age, M stage and N stage was generated to improve
the accuracy of prognosis evaluation. The immune cell infiltration analysis suggested that 5 hub genes (ADGRE1, OLR1, TIMP1,
GPR132 and CCR7) were negatively correlated with tumor purity and positively correlated with the infiltration of immune cells.
Conclusion: Our study established a novel signature consisting of 7 hub genes for the prognostic prediction in patients with HNSCC.
Keywords: TCGA, inflammation-related gene, prognosis, HNSCC

Introduction
Head and neck squamous cell carcinoma (HNSCC) represents a group of malignant tumors originating from oral cavity,
as well as the nasopharynx, oropharynx, hypopharynx, and larynx. It was estimated that there would be nearly 932,000
new cases of HNSCC and almost 619,000 new deaths of HNSCC all over the world in 2020.1 The main etiologies for
HNSCC contain human papilloma virus infection, overindulgence of alcohol, tobacco and betel.2–5 HNSCC is a
heterogeneous and complicated disease, and the reported 5-year rate is only 46% in the United States owning to the
high probability of metastasis or recurrence or both.6,7 The stage, anatomical location and epidemiological factors
rendered it a tough challenge to the prognostic evaluation.8 Hence, exploring a prognostic signature on the basis of novel
and reliable biomarkers for HNSCC is needed imminently.

Known as “the seventh marker of cancer”,9 many studies have indicated that inflammation plays an important role in
the occurrence and development of cancer. Since the relationship between inflammation and cancer was first pointed out
in 1863, the function of inflammation in the occurrence and progression of cancer has been one of the focus points in
cancer research.10–14 The relationship between cancer and inflammatory response could be reflected by the content of
specific substances in blood or tumor specimens.15 Specific substances, including Interleukin (IL)-6, IL-8, growth-related
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oncogene-1, vascular endothelial growth factor, hepatocyte growth factor, and the increasing level of cytokine and
growth factor, were related to cancer progress and recurrence.16–19 Further studies showed that polymorphism expression
of inflammation-related genes (IRGs) was associated with the development of HNSCC, indicating that IRGs played an
important role in HNSCC.20 Being an auxiliary role, tumor microenvironment was also related to tumor promotion and
development, which might be associated with IRGs and could be reflected on immune cells to some extent.9 Recently, the
rapid development of sequencing technology and statistics has allowed researchers to study the role of IRGs in the
prognosis of specific cancer, such as hepatocellular carcinoma and colon cancer.21,22 However, there is still no previous
study regarding IRGs as prognostic markers of HNSCC.

In this study, we performed a systematic analysis of IRGs in HNSCC and identified HNSCC-associated IRGs. The
potential function of these IRGs was explored to better understand the prognosis of HNSCC. Furthermore, clinical features
and transcriptomic data were combined to further investigate the prognostic value of IRGs. Finally, we explored the
relationship between IRGs and immune cells on the basis of the Tumor Immune Estimation Resource (TIMER) database.

Materials and Methods
Data Collection
Transcriptomic data and corresponding clinical information of 502 HNSCC patients were downloaded from The Cancer
Genome Atlas (TCGA) data portal (https://portal.gdc.cancer.gov/), and a total of 97 samples from GSE41613 cohort were
downloaded from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/gds/). A total of 200
IRGs were identified from the Molecular Signature database (Supplementary Table 1).21 A flowchart depicting the study
is shown in Figure 1.

Figure 1 The flowchart of our study.
Abbreviations: HNSCC, head and neck squamous cell carcinoma; DEGs, differentially expressed genes; DEIRGs, differentially expressed inflammation-related genes;
LASSO, least absolute shrinkage and selection operator.

https://doi.org/10.2147/IJGM.S354349

DovePress

International Journal of General Medicine 2022:154794

Lu and Jia Dovepress

Powered by TCPDF (www.tcpdf.org)

https://portal.gdc.cancer.gov/
https://www.ncbi.nlm.nih.gov/gds/
https://www.dovepress.com/get_supplementary_file.php?f=354349.pdf
https://www.dovepress.com
https://www.dovepress.com


Identification of Differentially Expressed Inflammation-Related Genes (DEIRGs)
After the expression of 200 IRGs was obtained from TCGA cohort, “limma” package was performed to identify differ-
entially expressed genes (DEGs) between HNSCC samples and adjacent normal samples. The criteria of DEGs were log
fold change (logFC) ≥2 and false discovery rate (FDR) <0.01. Then, “ggplot2” and “pheatmap” packages were adopted
to draw the volcano plot and heat map.

Functional Enrichment Analysis of DEIRGs
Although the relationship between DEIRGs and inflammation has been confirmed, other potential functions and closed
pathways are unclear. Therefore, we performed Gene Ontology (GO) analysis to study the biological process, cellular
component and molecular function of DEIRGs. In addition, Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis was performed to identify the closed pathways of DEIRGs. The functional analyses, including GO and KEGG,
were performed with “clusterProfiler” package.

Construction and Validation of an IRGs-Based Prognostic Signature for HNSCC
To evaluate the prognostic DEIRGs, univariate Cox regression analysis was conducted with a cutoff value of P < 0.05 in
the TCGA cohort. Then, the Least Absolute Shrinkage and Selection Operator (LASSO) was used to minimize the
probability of overfitting for the prognostic model.23,24 Finally, multivariate Cox regression was performed to select
prognostic DEIRGs, and the selective DEIRGs were defined as hub genes and incorporated into the final IRGs-based
prognostic model. The risk score formula of each patient was as follows: risk score = [Expression value of Gene1 ×
coefficient 1] + [Expression value of Gene2 × coefficient 2] +⋯+ [Expression value of Gene n × coefficient n].

In accordance with the median value of the risk score, patients were categorized into low- and high-risk groups.
Kaplan–Meier (K-M) curve was used to analyze the survival difference between low- and high-risk groups. Time-
dependent receiver operating characteristic (ROC) curve was generated to reflect the specificity and sensitivity of IRGs-
based prognostic signature.

Establishment of a Clinical-IRGs Prognostic Nomogram for HNSCC
Clinicopathological parameters, such as age and AJCC stage, have been confirmed as robust prognostic predictors for
cancer patients. Therefore, in order to confirm the independence of IRGs-based prognostic signature and further improve
the accuracy of prognostic prediction, we incorporated the clinical data. The univariate and multivariate Cox analyses
were orderly performed to study the independent overall survival (OS)-related variables. A nomogram was constructed
based on the independent OS-related variables. The C-index was used to evaluate the discrimination of nomogram, and
calibration curves were plotted to compare the actual and predictive survival for the evaluation of predictive
performance.

Analysis of Gene Expression and Tumor-Infiltrating Immune Cells
To analyze the relationship between the expression of hub genes and tumor infiltrating immune cells, we selected
TIMER, which allows researchers to systematically analyze immune infiltrations in multiple malignancies. Six immune
cells, including B cells, CD4+ T cells, CD8+ T cells, neutrophils, macrophages and dendritic cells were analyzed.
Pearson’s correlation coefficient and the estimated P value were adopted to analyze the correlation between gene
expression and infiltration level of immune cells.

External Validation of IRGs-Based Prognostic Signature in an Independent Cohort
In this study, GSE41613, which is a publicly available cohort from GEO database, including 97 HNSCC patients, was
selected to validate our IRGs-based signature. The validation procedure included two steps. Firstly, according to the
IRGs-based prognostic signature established in the TCGA cohort, the risk score of 97 patients in the GSE41613 was
calculated. Then, the K-M survival curve and ROC curve of GSE41613 were generated to validate the performance of
IRGs-based prognostic signature.
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Results
Identification of DEIRGs in HNSCC Patients and Enrichment Analyses
The expression of 200 IRGs was obtained in the TCGA-HNSCC cohort. Through a differential analysis between 502
HNSCC samples and 44 adjacent normal samples, a total of 120 DEIRGs were determined, and most of DEIRGs were
upregulated in tumor samples (Figure 2A, B and Supplementary Table 2). KEGG pathway analysis demonstrated that
120 DEIRGs were significantly correlated with the cytokine-, cancer- and immune microenvironment-related pathways
(Figure 2C). In addition, the GO analysis also confirmed that these DEIRGs were significantly associated with
inflammatory and immune functions, including regulation of leukocyte activation, secretory granule membrane and
cytokine receptor binding were the most significant terms in the facet of biological process, cellular component and
molecular function, respectively (Figure 2D). Generally, our study confirmed 60% IRGs were abnormally expressed in
HNSCC samples, and these were associated with important oncobiology.

Figure 2 Identification of DEIRGs in HNSCC patients and function enrichment analysis. Volcano plot and heat map were drawn to show the differentially expressed genes in
HNSCC versus normal samples (A and B); Functional enrichment analysis uncovered the potential function and closed pathway (C and D).
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Establishment of an Inflammation-Related Gene Signature (IRGS)
After excluding three patients without follow-up data, a total of 499 HNSCC patients were included in the survival
analysis, and 217 patients died during the follow-up period. The median follow-up time is 1.75 years, and the median OS
of the present cohort is 4.57 years. In the univariate Cox analysis, 32 DEIRGs were significantly related with OS for
HNSCC patients (Supplementary Table 3). Then, a total of 15 DEIRGs were selected according to the LASSO analysis
(Figure 3A and B). Finally, by performing the multivariate Cox regression, seven DEIRGs were identified as hub genes
to establish IRGS (Supplementary Table 4). The calculation of risk score was shown as follows: Risk score = [Expression
level of ADGRE1 × 0.283652] + [Expression level of OLR1 × 0.146693] + [Expression level of GPR132 × (−0.292147)]
+ [Expression level of TIMP1 × 0.156694] + [Expression level of CCR7 × (−0.327125)] + [Expression level of PSEN1 ×
0.401136] + [Expression level of NAMPT × 0.127155].

Patients were divided into low- and high-risk groups based on the median risk score (Figure 4A). The K-M survival
curve indicated that patients in the high-risk group had significantly worse OS than patients in the low-risk group
(Figure 4B). The scatter chart demonstrated that patients in high-risk group were more likely and early to die than ones in
low-risk group (Figure 4C). Time-dependent ROC curves showed that the values of area under curve (AUC) of IRGS
were 0.685, 0.704 and 0.650 in 1-year, 3-year and 5-year, respectively. These results indicated the good discrimination of
IRGS (Figure 4D). The heat map showed that ADGRE1, OLR1, TIMP1, PSEN1 and NAMPT were highly expressed in
high-risk group, while GPR132 and CCR7 were high expression in low-risk group (Figure 4E).

Validation of IRGS in the GSE41613 Cohort
To test the reliability of IRGS in an independent cohort, patients in the GSE41613 cohort were categorized into low- and
high-risk groups according to the cut-off value (Figure 5A). Similarly, high-risk patients showed worse OS than patients
in the low-risk group, and were more likely to die earlier than low-risk patients (Figure 5B and C). The ROC curves of
GSE41613 cohort also confirmed favorable discrimination of IRGS, and the AUC values were 0.686, 0.615 and 0.620 in
1-year, 3-year and 5-year, respectively (Figure 5D). Consistent with previous results in TCGA cohort, ADGRE1, OLR1,
TIMP1, PSEN1 and NAMPT were highly expressed in high-risk group, whereas GPR132 and CCR7 got high expression
in low-risk group (Figure 5E).

Figure 3 LASSO regression. LASSO regression was performed to select 15 DEIRGs (A and B).
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Construction and Evaluation of a Nomogram Model
In the univariate Cox analysis, age, sex, M stage, N stage and risk score were selected as prognostic factors
(Supplementary Table 5). Then, a multivariate Cox analysis was performed, and risk score, age, M stage and N stage
were identified as independent prognostic factors (Supplementary Table 6). Combined with independent prognostic
factors, a prognostic nomogram was constructed to provide survival analysis for individual HNSCC patients (Figure 6A).
The C-index of the nomogram was 0.670. The calibration curves of this nomogram indicate a good agreement between
predictive and actual 1-, 3-, 5-year survival analysis (Figure 6B–D).

Analysis of Gene Expression and Tumor-Infiltrating Immune Cells
In order to further explore the relationship between hub genes and tumor immune microenvironment, we analyzed the
correlation of 7 hub genes and the infiltration level of immune cells (B cells, CD4+ T cells, CD8+ T cells, macrophages,
neutrophils and dendritic cells) based on TIMER database. We discovered that most of the hub genes were significantly
related to the infiltration level of immune cells, especially ADGRE1 (EMR1), OLR1, TIMP1, GPR132 and CCR7, which
was negatively correlated with tumor purity and positively correlated with the infiltration of immune cells (Figure 7).
This result suggested that ADGRE1, OLR1, TIMP1, GPR132 and CCR7 played specific roles in the immune infiltration
of HNSCC.

Figure 4 Construction and Validation of IRGS for HNSCC. Patients were divided into low- and high-risk groups based on the median risk score (A); K-M survival curve
indicated that patients in the high-risk group had significantly worse OS than patients in the low-risk group (B); Scatter chart showed that patients in high-risk group were
more likely and earlier to die than ones in low-risk group (C); The 1-year, 3-year and 5-year AUC of ROC curve was 0.685, 0.704 and 0.650, indicating good discrimination
(D); Different expression levels of 7 hub genes between two risk groups (E).
Abbreviations: TP, true positive; FP, false positive; AUC, area under the ROC curve; ROC, receiver operating characteristic.
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Discussion
HNSCC is a complex group of malignant tumors and brings severe challenges to doctors in the therapy and prognosis
evaluation. Being reputed as the seventh hallmark, inflammation plays a significant role in the development process of
cancer and the essence of cancer development is genetic changes.9 Nevertheless, there is still no study regarding IRGs as
prognostic markers of HNSCC. In this study, we systematically analyzed the expression of 200 IRGs in HNSCC tissues
and their relationship with OS. 120 DEIRGs were screened out from the TCGA cohort and 32 DEIRGs were significantly
associated with OS. Then, a prognostic model incorporating 7 hub genes was constructed and validated. Patients were
classified into high- and low-risk groups. High-risk group was significantly associated with worse OS. Risk score was an
independent prognostic factor of OS. Combined with risk score and some clinical features, a nomogram was established
to predict the prognosis of HNSCC patients. We also identified a significant relationship between 7 hub genes and
immune cells based on TIMER database.

Our IRGS was based on hub genes including ADGRE1, OLR1, GPR132, TIMP1, CCR7, PSEN1 and NAMPT.
ADGRE1, named EMR1 in the past, was reported to be associated with the alpha fetoprotein level in hepatocellular
carcinoma and plays a crucial role in carcinoma.25 It was reported that afucosylated chimeric antibodies directed against
ADGRE1 offered a promising target for immune cell ablation, which might affect the normal immune system.26 OLR1

Figure 5 Validation of IRGS in the GSE41613 cohort. Patients were categorized into low- and high-risk groups according to the cut-off value (A); High-risk patients showed
worse OS than patients in the low-risk group, and were likely to die earlier than low-risk patients (B and C); The 1-year, 3-year and 5-year AUC of ROC curve was 0.686,
0.615 and 0.620, indicating good discrimination (D); Different expression levels of 7 hub genes between two risk groups (E).
Abbreviations: TP, true positive; FP, false positive; AUC, area under the ROC curve; ROC, receiver operating characteristic.
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was regarded to have several pro-oncogenic functions including inhibition of apoptosis and stimulation of proliferation
by activating the NF-kB signaling pathway, activation of de novo lipogenesis and promoting the efficiency of adhesion
and transendothelial migration.27 OLR1 encodes LOX-1 receptor protein, and LOX-1 plays some role in VEGF induction
and HIF-1 α Activation and MMP-9/MMP-2 expression, which promotes neoangiogenic and the epithelial–mesenchymal
transition process of several types of cancer.28 Meanwhile, the knockdown of OLR1 may reduce the expression of
SULT2B1 by downregulating c-MYC, therefore inhibiting glycolytic metabolism to restrain the proliferation and
chemoresistance of colon cancer cells.29 TIMP1 could inhibit matrix metalloproteinase to restrict tumor progression,30

while the poor prognosis of almost all known cancer types was closely related to the high expression of TIMP1 with the
utility of independent prognostic factor.31,32 TIMP1 was highly expressed in colon cancer samples, which led to tumor
proliferation, metastasis and anti-apoptosis through FAK-PI3K/AKT and MAPK pathway. Animal experiments also
revealed that the down-regulation of TIMP1 effectively weakened the tumorigenicity and metastasis in vivo.33

PSEN1, one of the known causative genes for Alzheimer’s disease, was notably overexpressed in HNSCC tissues and
cells, and was associated with poor prognosis and radioresistance of HNSCC.34,35 BLACA T1 was reported to mediate
the radiosensitivity of HNSCC by regulating PSEN1.34 PSEN1 protein plays an indispensable role in Notch signaling.
The activation of Notch signal is very important for the differentiation and maintenance of tumor stem cell-like cells in a

Figure 6 Nomogram for predicting the 1- and 3- and 5-year OS in patients with HNSCC (A); Calibration curves of this nomogram indicated the good agreement between
predictive and actual 1-, 3-, 5-year survival analysis (B–D). **P<0.01; ***P<0.001.
Abbreviations: OS, overall survival; Pr, predicted probability.
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variety of cancer types, including HNSCC.34 PSEN1 level can be reduced by miR-654-3p targeting CREB1 to inhibit
sinonasal squamous cell carcinoma cells proliferation, invasion and migration.36 NAMPT was reported to be highly
expressed in many sorts of cancers and associated with chemoresistance.37,38 NAMPT gene encodes nicotinamide
phosphoribosyltransferase, which acts as a rate-limiting enzyme in the biosynthesis of nicotinamide adenine dinucleotide

Figure 7 Analysis of gene expression and tumor-infiltrating immune cells in HNSCC.
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(NAD). NAD can regulate many cellular processes, such as DNA repair and gene expression to maintain tumor growth
and survival and energy requirements.39 Combined with SIRT1, NAMPT activates OSKM factor and stem cell signaling
pathway to promote the dedifferentiation and stemness from cancer cells to cancer stem-like cells. A subgroup of cancer
stem-like cells is important for the occurrence, development, drug resistance and metastasis of tumors.40

GPR132 and CCR7 were the two hub genes with negative coefficients in the risk score formula and comparatively
highly expressed in the low-risk group. G protein-coupled receptor, encoded by GPR132, is a key macrophage sensor of
the rising lactate in the acidic tumor microenvironment.41 It is reported that the expression of GPR132 is related to breast
cancer and skin tumors.41,42 However, the exact function of GPR 132 in HNSCC is still unclear, and more exploration
should be performed in the future. The CCR7 chemokine axis played two opposite roles in cancer. On the one hand, the
axis helped the transportation of numerous effector cells involved in immune responses to combat the spread of cancer.43

On the other hand, it played a significant part in the lymph node metastasis and distant metastasis.43–45 In HNSCC, the
high expression of CCR7 in low-risk group might be attributed to the predominance of the former role.

In univariate and multivariate Cox regression analyses, we identified that risk score was an independent factor of
HNSCC. Then, some clinical characteristics were selected. A prognostic nomogram model was constructed to calculate
individual risk score and predict OS, which would be conducive to prognosis evaluation and decision-making. In other
words, the nomogram would contribute to the diagnosis and treatment of HNSCC patients.

Previous studies indicated that the antagonism between inflammation and immunity affected the development of
cancer and treatment outcomes.46 Inflammation in the tumor microenvironment can promote tumor process through
regulating antitumor immunity and subverting adaptive immune responses.11,46 The immune infiltration analysis indi-
cated that IRGs including ADGRE1, OLR1, GPR132, TIMP1 and CCR7 were negatively correlated with tumor purity
and positively associated with the infiltration level of immune cells. It demonstrated that those genes were mainly
expressed in immune cells rather than tumor cells and played specific roles in the regulation of tumor microenvironment.
What is more, tumor microenvironment, a necessary part to promote the neoplastic process, was largely regulated by
inflammatory cells.13 In short, these hub genes were not only associated with inflammatory responses but also immune
cells, which might be potential therapeutic targets for HNSCC patients.

There are numerous similar studies based on biological markers of HNSCC. However, there are two main advantages
in our study. Firstly, a multi-gene signature was chosen for our study. MAGE-A11 was reported to be a potentially
valuable prognostic biomarker in HNSCC.47 With the combination of two independent cohorts, PIK3CA was identified
as a potential prognostic marker for recurrence in HNSCC.48 However, the expression of a single gene may vary among
the population due to the heterogeneity of the samples, while a multi-gene signature is available to compensate for
individual differences and reduces possible errors. Therefore, compared with markers based on single-gene expression, a
multi-gene signature has higher predictability and better accuracy.49,50 Hence, our research constructed a multi-gene
signature for better predictive performance and accuracy. Second, both immune infiltration analysis and nomogram
establishment were utilized while maintaining similar AUC in our study. Previous studies indicated that ferroptosis-
related gene signature, autophagy-related gene signature, glycolysis-related gene signature and immune checkpoint-
related gene signature predicted 5-year OS for HNSCC with AUC at 0.645, 0.622, 0.675 and 0.625, respectively, which
were similar to our study.51–54 What is more, we also obtained 499 samples in an attempt to reduce potential errors and
promote reliability, which reduces the deviation of small-scale samples to some extent. Compared with the previous
studies,51–54 both immune infiltration analysis and nomogram establishment were performed in our research to explore
the relationship between hub genes and immune cells and provide a tool for individual prognosis evaluation.

A novel signature consisting of 7 hub genes was constructed for the prognostic prediction of HNSCC patients.
However, there are still some limitations. Firstly, the samples in our study were retrospective; in this case, prospective
samples are needed to verify. To compensate this point to some extent, we endeavored to study HNSCC in as many
samples as possible. Secondly, the biomarkers acquired from the study should be combined with clinical studies to refine
their functions and lay a good foundation for better therapy. We are looking forward to the cooperation with research
centers and hospitals for further exploration.
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Conclusion
In conclusion, our study established a novel signature consisting of seven hub genes, which has good AUC values in both
training set and validation set. The results suggested that high-risk score was associated with worse prognosis in HNSCC
patients. Risk score, age, M stage and N stage were selected to establish a nomogram for individual prognosis evaluation.
Hub genes including ADGRE1, OLR1, TIMP1, GPR132 and CCR7 contributed to the immune process, which is
consistent with the results of functional enrichment analyses.

Abbreviations
HNSCC, head and neck squamous cell carcinoma; IRGs, inflammation-related genes; TCGA, The Cancer Genome Atlas;
GEO, Gene Expression Omnibus; LASSO, Least Absolute Shrinkage and Selection Operator; TIMER, Tumor Immune
Estimation Resource; IRGS, inflammation-related gene signature; IL, Interleukin; DEIRGs, differentially expressed
inflammation-related genes; DEGs, differentially expressed genes; logFC, log fold change; FDR, false discovery rate;
GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes, K-M, Kaplan–Meier; ROC, receiver operating
characteristic; OS, overall survival; AUC, area under curve; NAD, nicotinamide adenine dinucleotide.

Ethics Approval
The present study has been submitted to our institutional review board for review, and the ethics approval was not
required due to the data of present study were obtained from public databases. The need for review was waived by the
Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, Zhejiang Province, China.

Author Contributions
All authors contributed to study design, acquisition, and analysis of data, and writing and revising manuscripts and
reached a consensus on the journal to which the article was submitted, approved the final version to be published and
agreed to be responsible for all content of the article.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2021;71(3):209–249. doi:10.3322/caac.21660

2. Mourad M, Jetmore T, Jategaonkar AA, Moubayed S, Moshier E, Urken ML. Epidemiological trends of head and neck cancer in the United States:
a SEER Population Study. J Oral Maxillofac Surg. 2017;75(12):2562–2572. doi:10.1016/j.joms.2017.05.008

3. Gillison ML, Chaturvedi AK, Anderson WF, Fakhry C. Epidemiology of human papillomavirus-positive head and neck squamous cell carcinoma. J
Clin Oncol. 2015;33(29):3235–3242. doi:10.1200/JCO.2015.61.6995

4. Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability,
and disability-adjusted life-years for 32 cancer groups, 1990 to 2015: a systematic analysis for the Global Burden of Disease Study. JAMA Oncol.
2017;3(4):524–548.

5. Curado MP, Hashibe M. Recent changes in the epidemiology of head and neck cancer. Curr Opin Oncol. 2009;21(3):194–200. doi:10.1097/
CCO.0b013e32832a68ca

6. Bean MB, Liu Y, Jiang R, et al. Small cell and squamous cell carcinomas of the head and neck: comparing incidence and survival trends based on
Surveillance, Epidemiology, and End Results (SEER) data. Oncologist. 2019;24(12):1562–1569. doi:10.1634/theoncologist.2018-0054

7. Argiris A, Karamouzis MV, Raben D, Ferris RL. Head and neck cancer. Lancet. 2008;371(9625):1695–1709. doi:10.1016/S0140-6736(08)60728-X
8. Chow LQM, Longo DL. Head and neck cancer. N Engl J Med. 2020;382(1):60–72. doi:10.1056/NEJMra1715715
9. Bonomi M, Patsias A, Posner M, Sikora A. The role of inflammation in head and neck cancer. Adv Exp Med Biol. 2014;816:107–127.
10. Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet. 2001;357(9255):539–545. doi:10.1016/S0140-6736(00)04046-0
11. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature. 2008;454(7203):436–444. doi:10.1038/nature07205
12. Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-related inflammation and treatment effectiveness. Lancet Oncol. 2014;15(11):e493–e503.

doi:10.1016/S1470-2045(14)70263-3
13. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002;420(6917):860–867. doi:10.1038/nature01322
14. Khandia R, Munjal A. Interplay between inflammation and cancer. Adv Protein Chem Struct Biol. 2020;119:199–245.
15. Wang F, Arun P, Friedman J, Chen Z, Van Waes C. Current and potential inflammation targeted therapies in head and neck cancer. Curr Opin

Pharmacol. 2009;9(4):389–395. doi:10.1016/j.coph.2009.06.005

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S354349

DovePress
4803

Dovepress Lu and Jia

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.joms.2017.05.008
https://doi.org/10.1200/JCO.2015.61.6995
https://doi.org/10.1097/CCO.0b013e32832a68ca
https://doi.org/10.1097/CCO.0b013e32832a68ca
https://doi.org/10.1634/theoncologist.2018-0054
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1056/NEJMra1715715
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1038/nature07205
https://doi.org/10.1016/S1470-2045(14)70263-3
https://doi.org/10.1038/nature01322
https://doi.org/10.1016/j.coph.2009.06.005
https://www.dovepress.com
https://www.dovepress.com


16. Allen C, Duffy S, Teknos T, et al. Nuclear factor-kappaB-related serum factors as longitudinal biomarkers of response and survival in advanced
oropharyngeal carcinoma. Clin Cancer Res. 2007;13(11):3182–3190. doi:10.1158/1078-0432.CCR-06-3047

17. Worden B, Yang XP, Lee TL, et al. Hepatocyte growth factor/scatter factor differentially regulates expression of proangiogenic factors through Egr-
1 in head and neck squamous cell carcinoma. Cancer Res. 2005;65(16):7071–7080. doi:10.1158/0008-5472.CAN-04-0989

18. Gokhale AS, Haddad RI, Cavacini LA, et al. Serum concentrations of interleukin-8, vascular endothelial growth factor, and epidermal growth factor
receptor in patients with squamous cell cancer of the head and neck. Oral Oncol. 2005;41(1):70–76. doi:10.1016/j.oraloncology.2004.06.005

19. Lee TL, Yeh J, Van Waes C, Chen Z. Epigenetic modification of SOCS-1 differentially regulates STAT3 activation in response to interleukin-6
receptor and epidermal growth factor receptor signaling through JAK and/or MEK in head and neck squamous cell carcinomas. Mol Cancer Ther.
2006;5(1):8–19. doi:10.1158/1535-7163.MCT-05-0069

20. Brunotto M, Zarate AM, Bono A, Barra JL, Berra S. Risk genes in head and neck cancer: a systematic review and meta-analysis of last 5 years.
Oral Oncol. 2014;50(3):178–188. doi:10.1016/j.oraloncology.2013.12.007

21. Lin Z, Xu Q, Miao D, Yu F. An Inflammatory response-related gene signature can impact the immune status and predict the prognosis of
hepatocellular carcinoma. Front Oncol. 2021;11:644416. doi:10.3389/fonc.2021.644416

22. Liang Y, Wu X, Su Q, Liu Y, Xiao H. Identification and validation of a novel inflammatory response-related gene signature for the prognosis of
colon cancer. J Inflamm Res. 2021;14:3809–3821. doi:10.2147/JIR.S321852

23. Tibshirani R. The lasso method for variable selection in the Cox model. Stat Med. 1997;16(4):385–395. doi:10.1002/(SICI)1097-0258(19970228)
16:4<385::AID-SIM380>3.0.CO;2-3

24. Simon N, Friedman J, Hastie T, Tibshirani R. Regularization paths for Cox’s proportional hazards model via coordinate descent. J Stat Softw.
2011;39(5). doi:10.18637/jss.v039.i05

25. Pan Q, Long X, Song L, et al. Transcriptome sequencing identified hub genes for hepatocellular carcinoma by weighted-gene co-expression
analysis. Oncotarget. 2016;7(25):38487–38499. doi:10.18632/oncotarget.9555

26. Legrand F, Tomasevic N, Simakova O, et al. The eosinophil surface receptor epidermal growth factor-like module containing mucin-like hormone
receptor 1 (EMR1): a novel therapeutic target for eosinophilic disorders. J Allergy Clin Immunol. 2014;133(5):1439–1447.e8. doi:10.1016/j.
jaci.2013.11.041

27. Khaidakov M, Mitra S, Kang B-Y, et al. Oxidized LDL receptor 1 (OLR1) as a possible link between obesity, dyslipidemia and cancer. PLoS One.
2011;6(5):e20277. doi:10.1371/journal.pone.0020277

28. Murdocca M, De Masi C, Pucci S, et al. LOX-1 and cancer: an indissoluble liaison. Cancer Gene Ther. 2021;28(10–11):1088–1098. doi:10.1038/
s41417-020-00279-0

29. Zhao T, Li Y, Shen K, Wang Q, Zhang J. Knockdown of OLR1 weakens glycolytic metabolism to repress colon cancer cell proliferation and
chemoresistance by downregulating SULT2B1 via c-MYC. Cell Death Dis. 2021;13(1):4. doi:10.1038/s41419-021-04174-w

30. Cruz-Munoz W, Khokha R. The role of tissue inhibitors of metalloproteinases in tumorigenesis and metastasis. Crit Rev Clin Lab Sci. 2008;45
(3):291–338. doi:10.1080/10408360801973244

31. Jackson HW, Defamie V, Waterhouse P, Khokha R. TIMPs: versatile extracellular regulators in cancer. Nat Rev Cancer. 2017;17(1):38–53.
doi:10.1038/nrc.2016.115

32. Ries C. Cytokine functions of TIMP-1. Cell Mol Life Sci. 2014;71(4):659–672. doi:10.1007/s00018-013-1457-3
33. Song G, Xu S, Zhang H, et al. TIMP1 is a prognostic marker for the progression and metastasis of colon cancer through FAK-PI3K/AKT and

MAPK pathway. J Exp Clin Cancer Res. 2016;35(1):148. doi:10.1186/s13046-016-0427-7
34. Gou C, Han P, Li J, et al. Knockdown of lncRNA BLACAT1 enhances radiosensitivity of head and neck squamous cell carcinoma cells by

regulating PSEN1. Br J Radiol. 2020;93(1108):20190154. doi:10.1259/bjr.20190154
35. Loy CT, Schofield PR, Turner AM, Kwok JBJ. Genetics of dementia. Lancet. 2014;383(9919):828–840. doi:10.1016/S0140-6736(13)60630-3
36. Cui X, Yang Y, Yan A. miR-654-3p constrains proliferation, invasion, and migration of sinonasal squamous cell carcinoma CREB1/PSEN1

regulatory axis. Front Genet. 2021;12:799933. doi:10.3389/fgene.2021.799933
37. Galli U, Travelli C, Massarotti A, et al. Medicinal chemistry of nicotinamide phosphoribosyltransferase (NAMPT) inhibitors. J Med Chem. 2013;56

(16):6279–6296. doi:10.1021/jm4001049
38. Olesen UH, Petersen JG, Garten A, et al. Target enzyme mutations are the molecular basis for resistance towards pharmacological inhibition of

nicotinamide phosphoribosyltransferase. BMC Cancer. 2010;10(1):677. doi:10.1186/1471-2407-10-677
39. Gasparrini M, Audrito V. NAMPT: a critical driver and therapeutic target for cancer. Int J Biochem Cell Biol. 2022;145:106189. doi:10.1016/j.

biocel.2022.106189
40. Navas LE, Carnero A. NAD metabolism, stemness, the immune response, and cancer. Signal Transduct Target Ther. 2021;6(1):2. doi:10.1038/

s41392-020-00354-w
41. Chen P, Zuo H, Xiong H, et al. Gpr132 sensing of lactate mediates tumor-macrophage interplay to promote breast cancer metastasis. Proc Natl

Acad Sci U S A. 2017;114(3):580–585. doi:10.1073/pnas.1614035114
42. Nassios A, Wallner S, Haferkamp S, Klingelhöffer C, Brochhausen C, Schreml S. Expression of proton-sensing G-protein-coupled receptors in

selected skin tumors. Exp Dermatol. 2019;28(1):66–71. doi:10.1111/exd.13809
43. Salem A, Alotaibi M, Mroueh R, Basheer HA, Afarinkia K. CCR7 as a therapeutic target in Cancer. Biochim Biophys Acta Rev Cancer. 2021;1875

(1):188499. doi:10.1016/j.bbcan.2020.188499
44. Al-Jokhadar M, Al-Mandily A, Zaid K, Azar Maalouf E. CCR7 and CXCR4 expression in primary head and neck squamous cell carcinomas and

nodal metastases – a Clinical and Immunohistochemical Study. Asian Pac J Cancer Prev. 2017;18(4):1093–1104. doi:10.22034/
APJCP.2017.18.4.1093

45. Mburu YK, Egloff AM, Walker WH, et al. Chemokine receptor 7 (CCR7) gene expression is regulated by NF-κB and activator protein 1 (AP1) in
metastatic squamous cell carcinoma of head and neck (SCCHN). J Biol Chem. 2012;287(5):3581–3590. doi:10.1074/jbc.M111.294876

46. Karin M, Shalapour S. Regulation of antitumor immunity by inflammation-induced epigenetic alterations. Cell Mol Immunol. 2021;19(1):59–66.
doi:10.1038/s41423-021-00756-y

47. Jia S, Zhang M, Li Y, Zhang L, Dai W. MAGE-A11 expression predicts patient prognosis in head and neck squamous cell carcinoma. Cancer
Manag Res. 2020;12:1427–1435. doi:10.2147/CMAR.S237867

https://doi.org/10.2147/IJGM.S354349

DovePress

International Journal of General Medicine 2022:154804

Lu and Jia Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1158/1078-0432.CCR-06-3047
https://doi.org/10.1158/0008-5472.CAN-04-0989
https://doi.org/10.1016/j.oraloncology.2004.06.005
https://doi.org/10.1158/1535-7163.MCT-05-0069
https://doi.org/10.1016/j.oraloncology.2013.12.007
https://doi.org/10.3389/fonc.2021.644416
https://doi.org/10.2147/JIR.S321852
https://doi.org/10.1002/(SICI)1097-0258(19970228)16:4%3C385::AID-SIM380%3E3.0.CO;2-3
https://doi.org/10.1002/(SICI)1097-0258(19970228)16:4%3C385::AID-SIM380%3E3.0.CO;2-3
https://doi.org/10.18637/jss.v039.i05
https://doi.org/10.18632/oncotarget.9555
https://doi.org/10.1016/j.jaci.2013.11.041
https://doi.org/10.1016/j.jaci.2013.11.041
https://doi.org/10.1371/journal.pone.0020277
https://doi.org/10.1038/s41417-020-00279-0
https://doi.org/10.1038/s41417-020-00279-0
https://doi.org/10.1038/s41419-021-04174-w
https://doi.org/10.1080/10408360801973244
https://doi.org/10.1038/nrc.2016.115
https://doi.org/10.1007/s00018-013-1457-3
https://doi.org/10.1186/s13046-016-0427-7
https://doi.org/10.1259/bjr.20190154
https://doi.org/10.1016/S0140-6736(13)60630-3
https://doi.org/10.3389/fgene.2021.799933
https://doi.org/10.1021/jm4001049
https://doi.org/10.1186/1471-2407-10-677
https://doi.org/10.1016/j.biocel.2022.106189
https://doi.org/10.1016/j.biocel.2022.106189
https://doi.org/10.1038/s41392-020-00354-w
https://doi.org/10.1038/s41392-020-00354-w
https://doi.org/10.1073/pnas.1614035114
https://doi.org/10.1111/exd.13809
https://doi.org/10.1016/j.bbcan.2020.188499
https://doi.org/10.22034/APJCP.2017.18.4.1093
https://doi.org/10.22034/APJCP.2017.18.4.1093
https://doi.org/10.1074/jbc.M111.294876
https://doi.org/10.1038/s41423-021-00756-y
https://doi.org/10.2147/CMAR.S237867
https://www.dovepress.com
https://www.dovepress.com


48. García-Escudero R, Segrelles C, Dueñas M, et al. Overexpression of PIK3CA in head and neck squamous cell carcinoma is associated with poor
outcome and activation of the YAP pathway. Oral Oncol. 2018;79:55–63. doi:10.1016/j.oraloncology.2018.02.014

49. Zhang F, Liu Y, Yang Y, Yang K. Development and validation of a fourteen- innate immunity-related gene pairs signature for predicting prognosis
head and neck squamous cell carcinoma. BMC Cancer. 2020;20(1):1015. doi:10.1186/s12885-020-07489-7

50. She Y, Kong X, Ge Y, et al. Immune-related gene signature for predicting the prognosis of head and neck squamous cell carcinoma. Cancer Cell
Int. 2020;20(1):22. doi:10.1186/s12935-020-1104-7

51. Song D, Tian J, Han X, Li X. A model of seven immune checkpoint-related genes predicting overall survival for head and neck squamous cell
carcinoma. Eur Arch Oto-Rhino-L. 2021;278(9):3467–3477. doi:10.1007/s00405-020-06540-4

52. Chen L, He X, Yi S, Liu G, Liu Y, Ling Y. Six glycolysis-related genes as prognostic risk markers can predict the prognosis of patients with head
and neck squamous cell carcinoma. Biomed Res Int. 2021;2021:8824195. doi:10.1155/2021/8824195

53. He F, Chen Z, Deng W, et al. Development and validation of a novel ferroptosis-related gene signature for predicting prognosis and immune
microenvironment in head and neck squamous cell carcinoma. Int Immunopharmacol. 2021;98:107789. doi:10.1016/j.intimp.2021.107789

54. Yang C, Mei H, Peng L, Jiang F, Xie B, Li J. Prognostic correlation of an autophagy-related gene signature in patients with head and neck
squamous cell carcinoma. Comput Math Methods Med. 2020;2020:7397132. doi:10.1155/2020/7397132

International Journal of General Medicine Dovepress

Publish your work in this journal
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2022:15 DovePress 4805

Dovepress Lu and Jia

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.oraloncology.2018.02.014
https://doi.org/10.1186/s12885-020-07489-7
https://doi.org/10.1186/s12935-020-1104-7
https://doi.org/10.1007/s00405-020-06540-4
https://doi.org/10.1155/2021/8824195
https://doi.org/10.1016/j.intimp.2021.107789
https://doi.org/10.1155/2020/7397132
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com

	Introduction
	Materials and Methods
	Data Collection
	Identification of Differentially Expressed Inflammation-Related Genes (DEIRGs)
	Functional Enrichment Analysis of DEIRGs
	Construction and Validation of an IRGs-Based Prognostic Signature for HNSCC
	Establishment of a Clinical-IRGs Prognostic Nomogram for HNSCC
	Analysis of Gene Expression and Tumor-Infiltrating Immune Cells
	External Validation of IRGs-Based Prognostic Signature in an Independent Cohort

	Results
	Identification of DEIRGs in HNSCC Patients and Enrichment Analyses
	Establishment of an Inflammation-Related Gene Signature (IRGS)
	Validation of IRGS in the GSE41613 Cohort
	Construction and Evaluation of a Nomogram Model
	Analysis of Gene Expression and Tumor-Infiltrating Immune Cells

	Discussion
	Conclusion
	Abbreviations
	Ethics Approval
	Author Contributions
	Disclosure
	References

