
Purpose: The probability of recurrence of cancer after adjuvant or definitive radiotherapy in patients 
with human papillomavirus-negative (HPV(–)) head and neck squamous cell carcinoma (HNSCC) var-
ies for each patient. This study aimed to identify and validate radiation sensitivity signature (RSS) of 
patients with HPV(–) HNSCC to predict the recurrence of cancer after radiotherapy. 
Materials and Methods: Clonogenic survival assays were performed to assess radiosensitivity in 14 
HNSCC cell lines. We identified genes closely correlated with radiosensitivity and validated them in 
The Cancer Genome Atlas (TCGA) cohort. The validated RSS were analyzed by ingenuity pathway 
analysis (IPA) to identify canonical pathways, upstream regulators, diseases and functions, and gene 
networks related to radiosensitive genes in HPV(–) HNSCC. 
Results: The survival fraction of 14 HNSCC cell lines after exposure to 2 Gy of radiation ranged from 
48% to 72%. Six genes were positively correlated and 35 genes were negatively correlated with ra-
dioresistance, respectively. RSS was validated in the HPV(–) TCGA HNSCC cohort (n = 203), and recur-
rence-free survival (RFS) rate was found to be significantly lower in the radioresistant group than in 
the radiosensitive group (p = 0.035). Cell death and survival, cell-to-cell signaling, and cellular move-
ment were significantly enriched in RSS, and RSSs were highly correlated with each other. 
Conclusion: We derived a HPV(–) HNSCC-specific RSS and validated it in an independent cohort. The 
outcome of adjuvant or definitive radiotherapy in HPV(–) patients with HNSCC can be predicted by 
analyzing their RSS, which might help in establishing a personalized therapeutic plan. 
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Introduction 

Head and neck squamous cell carcinoma (HNSCC) arises in the 

mucosal lining of oral cavity, oropharynx, larynx, or hypopharynx, 

and is the sixth most common cancer worldwide [1]. HNSCC rep-

resents about 6% of all cancer cases and accounts for an estimated 

650,000 new cases and 350,000 deaths worldwide every year [2]. 

About one-third of patients are diagnosed with early-stage of HN-

SCC, whereas a typical patient is diagnosed with advanced stage of 

HNSCC with lymph node metastases [3]. 

Early-stage HNSCC is treated by surgery or radiation, and ad-

vanced-stage HNSCC commonly requires combined therapy such 

as surgery, radiotherapy, and chemotherapy. Despite of the im-

proved quality of life in patients with HNSCC after advancement in 
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treatment modality such as advanced surgical technique [4] and 

radiotherapy [5], survival rates have not markedly improved in re-

cent decades [6]. In particular, the intensity-modulated radiothera-

py (IMRT; a three-dimensional modern radiotherapy technique) al-

lowed sculpting of the radiation dose to the target volume and re-

sulted in significantly reduced late toxicities compared to that in 

older radiation techniques, but showed no difference in locoregion-

al recurrence and disease-free and overall survival in most cases 

when compared to those in the older radiation techniques [7]. 

Recently, besides alcohol consumption and tobacco history, 

which are well-known risk factors for the development of HNSCC, 

infection with the human papillomavirus (HPV) has been identified 

as an independent parameter in the development of HNSCC [8]. 

Patients with HPV-positive (HPV(+)) HNSCC might have a different 

etiology and favorable prognosis compared to patients with 

HPV-negative (HPV(–)) HNSCC [9]. In a multicenter study, patients 

with HPV(+) HNSCC showed better prognosis in locoregional recur-

rence and overall survival than patients with HPV(–) HNSCC [10]. 

In addition, patients with HPV(+) HNSCC were more sensitive to 

radiation than HPV(–) HNSCC [11]. However, besides HPV status, 

other risk factors need to be investigated to improve recurrence 

and survival rates after radiotherapy for patients with HPV(–) HN-

SCC. 

Locoregional recurrence in patients with HPV(–) HNSCC after 

adjuvant or definitive radiotherapy might be predicted by gene sig-

nature as well as clinical or pathological results. So far, the correla-

tion of genetic profiles from some gene sets that perform a role in 

cancer metabolism with therapeutic response in patients with HN-

SCC has been investigated [8,12,13]. Also, several studies about as-

sociation between epithelial-to-mesenchymal transition (EMT) re-

lated genes and radioresistance in HNSCC have been reported 

[14,15]. However, there may be many other molecular biomarker 

signatures associated with radiosensitivity in patients with HPV(–) 

HNSCC. 

Thus, we aimed to identify and validate radiation sensitivity sig-

nature (RSS) of HPV(–) HNSCC from as much gene expression data 

as possible in order to predict benefits of adjuvant or definitive ra-

diotherapy, which could allow for development of personalized ra-

diotherapy. We hypothesized that investigation of gene expression 

data and survival assay after irradiation of various HNSCC cell lines 

would help generate an HNSCC specific RSS, which could be vali-

dated in HNSCC big data in The Cancer Genome Atlas (TCGA). 

Materials and Methods 

1. Cell line cultures 
HNSCC cell lines CAL27, SCC25, and SCC9 were purchased from 

the American Type Culture Collection (ATCC); HSC2, HSC3, and 

HSC4 were obtained from the Japanese Cancer Resources Bank 

(JCRB); and FaDu, SNU1076, SNU1214, SNU46, YD10B, YD38, and 

YD8 were purchased from the Korean Cell Line Bank (KCLB). The 

cell line SNU899 was provided by Dr. Kim CH of Ajou University. We 

used each HNSCC cell line within 3 months of purchase; cell lines 

used after 3 months of purchase were authenticated and charac-

terized before use. CAL27 cells were cultured in Dulbecco’s Modi-

fied Eagle’s Medium (DMEM) supplemented with 10% fetal bovine 

serum (FBS) and 1% penicillin-streptomycin (PS). FaDu cells were 

cultured in Eagle’s Minimum Essential Medium (MEM) supple-

mented with 10% FBS and 1% PS. SCC25 and SCC9 cells were cul-

tured in DMEM/F-12 supplemented with 10% FBS and 400 ng/mL 

hydrocortisone. All the other cell lines (HSC2, HSC3, HSC4, 

SNU1076, SNU1214, SNU46, SNU899, YD10B, YD38, and YD8) were 

cultured in RPMI supplemented with 10% FBS and 1% PS. The cul-

tures were incubated in a 5% CO2 incubator at 37°C. 

2. Clonogenic survival assays 
Exponentially growing cells were irradiated with 2 Gy radiation us-

ing a 250-kVp X-ray (0.61 Gy/min). Then, the irradiated cells were 

replated in a serum-containing medium at cloning densities. Cells 

were grown for 10 to 16 days, following which they were fixed and 

stained with Gentian violet. Colonies of more than 50 cells were 

scored. The same process was repeated three times for each cell 

line. The colony-forming efficiency of irradiated cells was deter-

mined, averaged, and normalized to that of non-irradiated control 

cells. The surviving fraction after 2 Gy of radiation (SF-2Gy) was 

calculated for all 14 cell lines. 

3. Investigating RNA expression in cell lines using 
CCLE 
RNA expression data of each HNSCC cell line was retrieved from 

the Cancer Cell Line Encyclopedia (CCLE) database (http:// www.

broadinstitute.org/ccle) [16]. Gene expression data of about 18,361 

genes was searched, log transformed, median centered, and scaled 

to the same minimum/maximum for each HNSCC cell line. 

4. Identification of RSS 
The survival fraction of 14 HNSCC cell lines after irradiation with 2 

Gy radiation was assessed as described above, and four radioresis-

tant cell lines showing high survival fraction values and four radio-

sensitive cell lines showing low survival fraction values were se-

lected. Receiver operating characteristic (ROC) curve was generated 

by calculating sensitivity and specificity of expression of each gene 

in radioresistant and radiosensitive cell lines. Spearman correlation 

was used to determine the correlation of SF-2Gy with RNA expres-
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sion data of each HNSCC cell line obtained from the CCLE. Fold 

change was calculated for every gene between the 25th and 75th 

percentile of expression. RSS were selected if it satisfied all four in-

clusion criteria: (1) area under the ROC curve (AUC) ≥0.99, (2) fold 

change ≥4.3, (3) Spearman correlation R ≥0.6, and (4) Spearman 

correlation p <  0.05. 

5. Patient cohort 
This study analyzed the HNSCC cohorts from TCGA. Gene expres-

sion levels and clinical data of TCGA were downloaded from the 

UCSC Cancer Genomics Browser (https://xena.ucsc.edu/public). Pa-

tients with HPV(–) TCGA HNSCC who received adjuvant or defini-

tive radiotherapy were selected for validation of radiosensitive 

genes obtained from HNSCC cell lines. The gene expression profile 

of TCGA HNSCC cohorts was measured experimentally using the Il-

lumina HiSeq 2000 RNA Sequencing platform at the University of 

North Carolina TCGA genome characterization center. All the gene 

expression data of TCGA HNSCC cohorts was log transformed, me-

dian centered, and scaled to the same minimum/maximum as in 

the HNSCC cell lines to make the disparate platforms comparable. 

6. Prediction, validation, and statistical analysis 
Using data of eight HNSCC cell lines (four radioresistant and four 

radiosensitive cell lines) as a training set, class prediction procedure 

was carried out for patients with HPV(–) TCGA HNSCC using com-

pound covariate predictor (CCP) class prediction engine [17,18] 

with leave-one-out cross-validation (BRB Array Tools) [19]. Genes 

significantly different between the classes at 0.99 significance level 

were used for class prediction. Only the genes with a fold-differ-

ence between the two classes exceeding 2 were used for class pre-

diction. Then, patients with HPV(–) TCGA HNSCC were classified 

into radioresistant and radiosensitive groups. Recurrence-free sur-

vival (RFS) was defined as the number of months from the date of 

diagnosis to the event of recurrence [20]. We used Kaplan-Meier 

method to produce RFS curves in each group of the TCGA cohort. 

Then, log-rank test was used to compare the RFS between two 

groups. Univariate and multivariate Cox proportional hazards mod-

eling was performed to evaluated independent prognostic factors 

associated with the recurrence of HPV(–) HNSCC. p <  0.05 was 

considered statistically significant. R software package (http://

www.r-project.org) was used for all statistical analyses. 

7. Pathway analysis 
The identified RSS was analyzed by Qiagen’s ingenuity pathway 

analysis (IPA) software program. At first, the identified RSS was 

uploaded into Qiagen’s IPA system (http://www.ingenuity.com) for 

core analysis and then was overlaid with the global molecular net-

work in the ingenuity pathway knowledge base (IPKB) [21]. IPA was 

performed to identify canonical pathways, upstream regulators, 

diseases and functions, and gene networks related to radiosensitive 

genes in HNSCC. 

8. Research ethics 
This study was approved by the Kyung Hee University Medical Cen-

ter Institutional Review Board prior to its initiation (No. 2018-05-

046). 

Results 

1. Development of RSS 
To develop radiosensitive genes in HNSCC, we investigated the SF-

2Gy of 14 HNSCC cell lines. The SF-2Gy in each cell line ranged 

from 48% to 72% (Fig. 1A). Then, we identified four radioresistant 

(FaDu, SNU1076, YD38, HSC3) and four radiosensitive cell lines 

(SCC9, YD10B, HSC2, SCC25). The value of SF-2Gy was significantly 

higher in radioresistant cell lines than radiosensitive cell lines 

(62%–72% vs. 48%–51%; p =  0.028) (Fig. 1A). 

Forty-one genes with significant correlation with SF-2Gy were 

identified in the radioresistant and radiosensitive cell lines through 

AUC, fold change, and Spearman correlation analysis (Fig. 1B). Of 

these, 6 genes were positively correlated and 35 genes were nega-

tively correlated with radioresistance, respectively. A full list of 

these genes is depicted in Supplementary Table S1. 

2. Prediction and validation of radiation sensitivity 
signature 
The gene expression profiles and clinical data of patients with 

HPV(–) TCGA HNSCC who received adjuvant or definitive radiother-

apy were used in this study (n =  203) (Table 1). Class prediction 

was applied to the data of patients with HPV(–) TCGA HNSCC using 

BRB Array Tools, following which the HPV(–) TCGA HNSCC cohorts 

were classified into radioresistant (n =  149) and radiosensitive (n 

=  54) groups (Fig. 2A). Five-year RFS rate was significantly lower 

in the radioresistant group than in the radiosensitive group (57.8% 

vs. 80.1%, respectively; p =  0.035). The corresponding Kaplan-Mei-

er curves are presented in Fig. 2B. 

In addition, univariate and multivariate Cox proportional hazards 

models including patients’ demographics, social history, and clinical 

staging showed that only RSS is an independent prognostic factor 

of recurrence in patients with HPV(–) HNSCC who received adju-

vant or definitive radiotherapy (p <  0.05) (Table 2).  

3. Ingenuity pathway analysis  
To identify canonical pathways, upstream regulators, diseases and 
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functions, and gene networks related to radiosensitive genes in 

HNSCC, RSS was analyzed by Qiagen’s IPA software program. The 

top canonical pathways, upstream regulators, molecular and cellu-

lar functions related to RSS are summarized in Table 3. PDE4B, LIL-

RB4, RARRES3, IFNL4, and TICAM1 were found to be the top up-

stream regulators of RSS. Moreover, we found that cell death and 

survival, cell to cell signaling, and cellular movement were signifi-

cantly enriched in the RSSs. To identify key genes involved in radio-

sensitivity in HPV(–) HNSCC and establish the connections in-be-

tween these genes, the gene network diagram was made based on 

Fig. 1. Clonogenic survival assays performed to assess the surviving fraction after 2 Gy of radiation (SF-2Gy) identified the range of radioresis-
tance in 14 HPV(–) HNSCC cell lines (48%–72%). (A) Four radioresistant cell lines and four radiosensitive cell lines were selected based on SF-
2Gy in each HPV(–) HNSCC cell line (62%–72% vs. 48%–51%; p = 0.028). On comparison of the radioresistant and radiosensitive cell lines, 41 
genes with significant correlation with radioresistance were identified; 6 genes were positively correlated with radioresistance and 35 genes 
were negatively correlated with radioresistance. (B) Relative gene expression levels of these 41 genes in the four radioresistant and four radio-
sensitive cell lines are depicted. HPV, human papillomavirus; HNSCC, head and neck squamous cell carcinoma.

Fig. 2. Using four radioresistant and four radiosensitive cell lines with 41 genes significantly correlated with radioresistance as a training set, 
class prediction was carried out for patients with HPV(–) TCGA HNSCC who received adjuvant or definitive radiotherapy. (A) The patients with 
HPV(–) TCGA HNSCC were classified into radioresistant (n = 149) and radiosensitive (n = 54) groups. (B) Using Kaplan-Meier curves, 5-year RFS 
rate of each group was determined. The radioresistant group showed significantly lower 5-year RFS rate than the radiosensitive group (57.8% 
vs. 80.1%; p = 0.035). HPV, human papillomavirus; TCGA, The Cancer Genome Atlas; HNSCC, head and neck squamous cell carcinoma; RFS, re-
currence-free survival.
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IPKB and is depicted in Fig. 3. The gene network diagram showed 

that RSSs were highly correlated with each other. 

Discussion and Conclusion 

In this study, we developed a molecular biomarker signature of ra-

diation response in HPV(–) HNSCC using various HNSCC cell lines. 

Table 1. Patients’ characteristics (n = 203)

Characteristic Number of patients (%)
Gender
 Male 152 (74.9)
 Female 51 (25.1)
Age (yr)
 >60 111 (54.7)
 ≤60 92 (45.3)
Smoking
 Yes 154 (77.4)
 No 45 (22.6)
 Unknown 4 (2.0)
Alcohol
 Yes 142 (70.0)
 No 60 (29.6)
 Unknown 1 (0.5)
Tumor site
 Oral cavity 137 (67.5)
 Oropharynx 3 (1.5)
 Hypopharynx 4 (2.0)
 Larynx 59 (29.1)
Primary tumor
 T1-T2 47 (24.1)
 T3-T4 132 (67.7)
 Unknown 16 (8.2)
Lymph node metastasis
 Negative 61 (30.0)
 Positive 113 (55.7)
 Unknown 29 (14.3)
Stage
 I-II 20 (9.8)
 III-IV 176 (86.7)
 Unknown 7 (3.4)
Treatment type
 Radiotherapy only 13 (6.4)
 Operation + Radiotherapy 165 (81.3)
 Operation + Chemoradiotherapy 24 (11.8)
 Chemoradiotherapy 1 (0.5)

Table 2. Univariate and multivariate analysis of factors associated with recurrence-free survival in HPV(–) head and neck squamous cell carci-
noma patients who received adjuvant or definitive radiotherapy

Characteristic
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Radiation sensitivity signature 0.460 (0.223–0.947) 0.035* 0.386 (0.166–0.893) 0.026*
Gender (male) 1.225 (0.613–2.446) 0.566 0.981 (0.451–2.131) 0.961
Age (>60 yr) 1.028 (0.591–1.784) 0.923 1.293 (0.692–2.417) 0.419
Smoking (yes) 0.990 (0.518–1.894) 0.978 0.879 (0.423–1.829) 0.731
Alcohol (yes) 1.459 (0.763–2.787) 0.253 1.423 (0.673–3.009) 0.355
Primary tumor (T3 & T4) 0.980 (0.515–1.863) 0.952 1.037 (0.450–2.386) 0.931
Regional lymph node (N+) 1.192 (0.643–2.209) 0.577 1.432 (0.731–2.806) 0.294
Stage (stage III & IV) 1.014 (0.401–2.560) 0.977 0.516 (0.152–1.748) 0.288

HPV, human papillomavirus; HR, hazard ratio; CI, confidence interval.
*p < 0.05.

Table 3. Top canonical pathways, upstream regulators, molecular and 
cellular functions related to radiation sensitivity signature

p-value p-value (range)
Top canonical pathways
 Pathogenesis of multiple 

sclerosis
1.35 ×  10-4

 IL-17A signaling in gastric 
cells

1.10 ×  10-3

 Granulocyte adhesion and 
diapedesis

4.17 ×  10-3

 Agranulocyte adhesion and 
diapedesis

4.99 ×  10-3

 Phenylethylamine degra-
dation I

7.85 ×  10-3

Top upstream regulators
 PDE4B 5.40 ×  10-5

 LILRB4 7.55 ×  10-5

 RARRES3 1.01 ×  10-4

 IFNL4 1.61 ×  10-4

 TICAM1 2.36 ×  10-4

Top molecular and cellular 
functions (related molecules)

 Cellular movement (9) 5.00 ×  10-2 to 1.13 ×  10-5

 Cell death and survival (15) 3.02 ×  10-2 to 2.26 ×  10-5

 Amino acid metabolism (3) 3.74 ×  10-2 to 1.97 ×  10-3

 Cell morphology (4) 4.62 ×  10-2 to 1.97 ×  10-3

 Cell to cell signaling and 
interaction (10)

4.62 ×  10-2 to 1.97 ×  10-3
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We classified independent HPV(–) TCGA HNSCC cohort into radio-

resistant and radiosensitive groups based on RSS. Recurrence after 

adjuvant or definitive radiotherapy was significantly lower in the 

radiosensitive group than in the radioresistant group. Thus, RSS in 

HPV(–) HNSCC may have the ability to identify patients with HN-

SCC who are refractory to adjuvant or definitive radiotherapy and 

need treatment intensification or personalized treatment. These 

RSSs showed various interactive pathways and networks related to 

cellular movement, cell death and survival, amino acid metabolism, 

cell morphology, and cell-to-cell signaling. 

We used various HPV(–) HNSCC cell lines to include each subsite 

of HNSCC such as oral cavity, pharynx, supraglottis, glottis, and 

subglottis in the study. In addition, standard fractionation (2 Gy) 

was applied to the HNSCC cell lines to evaluate each surviving 

fraction after irradiation. The mRNA expression levels of each HN-

SCC cell line were obtained from the CCLE database (http://www.

broadinstitute.org/ccle), because CCLE may provide representative 

genetic proxies for primary tumors in many cancer types [22]. 

Moreover, an enormous amount of biological and clinical data—

big data—facilitated us to validate RSSs from the HNSCC cell lines. 

Fig. 3. Gene network diagram based on ingenuity pathway analysis showing connections in-between radiation sensitivity signatures.
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TCGA is the largest dataset and contains measurements of somatic 

mutations (sequencing), copy number variations (array based and 

sequencing), mRNA expression (array based and sequencing), miR-

NA expression (array based and sequencing), protein expression 

(array based), and histology slides for approximately 7,000 human 

tumors (http://cancergenome.nih.gov/). Here, from the clinical data 

of 604 TCGA HNSCC patients, the data of 203 patients with HPV(–) 

TCGA HNSCC who received radiotherapy was selected for valida-

tion. 

We could interpret the gene expression profiles using advanced 

bioinformatic analysis as revealed by microarray. In this study, we 

used the IPA software program—one of the advanced bioinformatic 

analysis tools—which can analyze the gene expression patterns us-

ing a built-in scientific literature based database (www.ingenuity.

com) [21]. IPA results helped us in finding cellular functions and 

several pathways and networks related to RSS. It has been reported 

that five top upstream regulators, namely, PDE4B, LILRB4, RAR-

RES3, IFNL4, TICAM1, are associated with colorectal cancer [23], 

leukemia [24], breast cancer [25], prostate cancer [26], and thyroid 

cancer [27], respectively. These regulators seem to be associated 

with radiosensitivity in some ways. The levels of intracellular cAMP, 

which is a well-characterized secondary messenger that elicits a 

wide range of cellular processes including proliferation, differentia-

tion, migration, growth, and apoptosis, are regulated by the activi-

ties of two enzymes, adenylyl cyclase and phosphodiesterase in-

cluding PDE4B [23]. Appukuttan et al. [28] found that inhibition of 

soluble adenylyl cyclase had increased the radiosensitivity of pros-

tate cancer cells. Interferon-related DNA damage resistance signa-

ture (IRDS) induced by all interferon including IFNL4 showed ef-

fects leading to resistance to ionizing radiation [26]. Association 

between T lymphocyte and other regulators such as LILRB4, TI-

CAM1 had been reported [24,29]. These regulators are not RSSs of 

HPV(–) HNSCC, but needed to be further investigated for their as-

sociation with HNSCC and radiotherapy. In addition, various mo-

lecular and cellular functions were enriched in the RSS of  

HPV(–) HNSCC and gene network framework showed that the 

RSSs were highly correlated with each other in a complex manner. 

Recently, some studies have investigated the correlation of ge-

netic mechanisms and treatment response including radiotherapy 

in patients with HNSCC. MRP2 and RB were found to be associated 

with the outcome of concurrent chemoradiation in patients with 

HNSCC [12]. Additionally, the expression levels of cancer stem cell 

markers CD44, SLC3A2, and MET were correlated with tumor re-

currence in HPV(–) HNSCC after postoperative chemoradiation [13]. 

Several hallmarks including EMT which refers to a process whereby 

the adhesive polarity of epithelial cancer cells dissipates and 

changes to mesenchymal cells, angiogenesis, and DNA repair were 

significantly correlated with 13 radioresistance-associated genes 

[14]. In a recent study, a seven-gene signature predicting recur-

rence in patients with locally advanced HNSCC treated with post-

operative radiotherapy or radiochemotherapy was developed and 

validated [8]. These results were developed from gene sets well 

known for their role in biological or cancer metabolism such as 

DNA repair, cancer stem cells, chemoresistance, HPV association, 

hypoxia, proliferation, etc. Conversely, this study developed several 

novel RSSs from HNSCC cell lines using CCLE regardless of the role 

of the genes. 

There had been also some reports showing association between 

the RSSs and radiosensitivity. TXNRD1, which was significantly in-

creased in radioresistant group, encodes thioredoxin reductase 1 

(TrxR1). Several studies reported that specific inhibition of TrxR1 

increased radiosensitivity via enhancement ROS levels [30-32]. Luo 

et al. [33] found that PDLIM4 gene was involved in radioresistance 

of glioma cells. PDLIM4 necessary for dendritic cell migration via 

CCR7-JNK, dendrite formation, and subsequent development of 

functional T-cell responses was inactivated in multiple cancer types 

[34]. ALDH2 detoxifies toxic aldehydes formed by accumulated re-

active oxygen resulted from ionizing radiation. Ning et al. [35] re-

ported that reactive aldehydes played an important role in the in-

trinsic radiosensitivity of normal and tumor tissue. The chemokine 

CXCL10 plays a role in angiostasis and has anti-tumor effects. It 

was reported that high expression of CXCL10 was related to better 

response to neoadjuvant chemoradiotherapy as well as improved 

survival in colorectal cancer patients [36,37]. Lukas et al. [38] 

found that a young woman with ROS1 oncogene rearranged non-

small cell lung cancer (NSCLC) with brain metastases was sensitive 

to radiotherapy. PDLIM4, ALDH2, CXCL10, and ROS1 were signifi-

cantly decreased in radioresistant group. However, there are still 

many RSSs that need to be investigated for their association with 

radiosensitivity in carcinoma, especially HNSCC. 

Our study showed that only RSS was an independent prognostic 

factor of RFS in patients with HPV(–) TCGA HNSCC who received 

adjuvant or definitive radiotherapy. Clinical tumor stage was not 

prognostic factor in TCGA dataset. Most patients (n =  176) were 

diagnosed with advanced stage and only 20 patients were diag-

nosed with early stage, because early stage patients requiring only 

surgical therapy were excluded in this study. Also, among 20 early 

stage patients, 11 patients received operation with radiotherapy, 

and 3 patients received operation with chemoradiotherapy. In other 

words, most patients in early stage needed additional therapy, 

maybe because of their relative advanced state. We think these 

characteristics might influence the RFS in patients with HPV(–) 

HNSCC who received adjuvant or definitive radiotherapy. 

Our study has the following limitations. First, the subsites of HN-
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SCC cell lines are diverse and include oral cavity, pharynx, and lar-

ynx. Thus, diverse radiation sensitivity of each subsite might have 

been overlooked. However, we focused on overall HPV(–) HNSCC 

which has poor prognosis than HPV(+) HNSCC. Second, we did not 

isolate RNA from the HNSCC cell lines, but used mRNA expression 

data from CCLE. Since CCLE might provide data with genomic sim-

ilarities to primary tumors [22], we used HNSCC cell lines within 

three months of purchase or used them after authentication. Final-

ly, little is known about the RSSs developed in this study. Further 

experiments including IPA described above are needed to compre-

hend the underlying molecular mechanism of each RSS.  

Nevertheless, as far as we know, this is the first study to identify 

RSSs associated with HPV(–) HNSCC from gene database of various 

HNSCC cell lines. We investigated patients with HPV(–) HNSCC 

treated by adjuvant or definitive radiotherapy irrespective of oper-

ation, focusing on their prognosis that is worse than that in pa-

tients with HPV(+) HNSCC. In addition, RSSs were validated using 

big data—patients with HPV(–) TCGA HNSCC treated by radiothera-

py. It means that our validation results for RSSs might be influ-

enced by minimal selective error and could be reproducible. Fur-

thermore, Cox proportional hazards model showed that only RSS is 

the independent prognostic factor influencing recurrence of HPV(–) 

HNSCC in patients after radiotherapy. As each patient had HNSCC 

at a different clinical stage and was treated with different amount 

of radiation dose, a direct comparison between radioresistant and 

radiosensitive groups might be impractical. However, the sole prog-

nostic factor, RSS, needs to be noted and further investigated. 

In conclusion, we derived 41 RSSs that could predict recurrence 

in HPV(–) HNSCC. The outcome of adjuvant or definitive radiother-

apy in HPV(–) HNSCC can be predicted by analyzing the expression 

of RSSs. Further validation of RSS according to each subsite of HN-

SCC in other HNSCC cohorts may facilitate the application of RSSs 

in treatment. In other words, personalized treatment plan for treat-

ment of HPV(–) HNSCC could be established by further organiza-

tion and stratification of RSSs. 
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