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Introduction

Head and neck squamous cell carcinoma (HNSCC), with
an overall five-year survival rate at approaching almost
50 percent, has been considered as one of the most com-
mon malignancies in recent years. Several regimens have
been put into clinical practice in HNSCC treatment,
including surgery, chemotherapy, and radiotherapy (RT).
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Abstract

Radiotherapy is unlikely to benefit all patients with head and neck squamous cell
carcinoma (HNSCC). Therefore, novel method is warranted to predict the radio-
therapy response. Our study aimed to construct a microRNA (miRNA)-based
nomogram to predict clinical outcomes of patients with HNSCC receiving radio-
therapy. We screened out 56 differential miRNAs by analyzing 44 paired tumor
and adjacent normal samples miRNA expression profiles from The Cancer Genome
Atlas (TCGA). A total of 307 patients with HNSCC receiving adjuvant radiotherapy
were randomly divided into a training set (n = 154) and a validation set (n = 153).
In the training set, we combined the differential miRNA profiles with clinical
outcomes, and LASSO regression model was applied to establish a 5-miRNA
signature. The prediction accuracy of the 5-miRNA signature was further validated.
In addition, target genes of these miRNAs were predicted, and Gene Ontology
(GO) analysis as well as KEGG pathway analysis was executed. A 5-miRNA sig-
nature including miR-99a, miR-31, miR-410, miR-424, and miR-495 was identified.
With a cutoff value of 1.2201 from Youden’s index, the training set was divided
into high-risk and low-risk groups, and the 5-year overall survival was significantly
different (30% vs. 73%, HR 3.65, CI 2.46-8.16; P < 0.0001). Furthermore, our
5-miRNA signature revealed that only low-risk group would benefit from radio-
therapy. Then, a nomogram combining 5-miRNA signature with clinical variables
to predict radiotherapy response was constructed. The analysis of 108 target genes
of these miRNAs revealed some potential mechanisms in HNSCC radiotherapy
response for future investigations. In conclusion, the 5-miRNA signature-based
nomogram is useful in predicting radiotherapy response in HNSCC and might
become a promising tool to optimize radiation strategies.

Radiotherapy is one of the mainstay treatments of HNSCC,
and its success rate remains increasing gradually. It was
reported that nearly 75 percent patients with HNSCC benefit
from radiotherapy, including both neoadjuvant and post-
operative adjuvant radiotherapies [1]. Nevertheless, a small
proportion of patients might be radiation-resistant, and even
suffer from its toxicities, such as disorders on swallowing,
salivation, hearing, and cosmetic integrity [2]. In some cases,
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radiotherapy may pose some post-therapy burdens to these
patients and affect their quality of life [3, 4].

However, it remains unsolved to identify patients insen-
sitive to radiotherapy in real-life clinical practice. Specially,
novel methods that can reliably predict individual response
to radiotherapy are much warranted.

MicroRNAs (miRNAs), the evolutionarily conservative
single-stranded noncoding RNAs, exert inhibitory effects
on protein-coding genes via targeting the 3’-untranslated
region (UTR) of a target gene, followed by subsequent
induction the target degradation of messenger RNAs
(mRNA) or suppression of protein translation at the post-
transcriptional level. Recently, several studies focused on
the application of miRNAs in the evaluation of radiotherapy
response, and a close link has been observed among them
in HNSCC. It was reported that an upregulation of miR-
494-3p was associated with improving response to radio-
therapy [5], whereas miR-196a expression was associated
with radio-resistance and poorer OS in HNSCC [6].

In our study, a 5-miRNA signature was developed from
a large database of The Cancer Genome Atlas (TCGA)
to serve as a reliable biomarker for predicting radiotherapy
response in HNSCC. Likewise, the biological function of
target genes of the 5-miRNA signature was investigated.
In addition, a nomogram which could be put into clinical
practice was established.

Material and Methods

Data acquisition

Normalized miRNA sequencing data (level 3, reads per kilobase
per million mapped reads) as well as medical records of each
patient during follow-up were downloaded/acquired from TCGA
database (https://cancergenome.nih.gov). “DESeq,” a package of
R software (version 3.3.2, R Foundation for Statistical Computing,
Vienna, Austria), was used in the normalization of miRNA-seq
data and to make comparisons between normal mucosa and
HNSCC. As a consequence, 56 differential miRNAs with the
fold change were two times or more, and significant if FDR
(adjust P value) < 0.01 was identified. Clinical XML files of
each patient were summarized into a .txt document using R
package “XML.” Patients with overall survival (OS) <1 month
were excluded to avoid the impact of unrelated causes of death.

Establishment of 5-miRNA signature with
LASSO regression model

The expression level of miRNA was defined as log2 reads
per million of total aligned miRNA reads. Based on the
overall mortality, X-tile (version 3.6.1, Yale University School
of Medicine, New Haven, CT, USA), an automatic program
for calculating cutoffs via Kaplan—Meier survival analysis
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and log-rank test [7], was used, and the cutoff of these
differential miRNAs was estimated. According to the cal-
culated cutoff, status of each miRNA was assigned as 0
(normalized miRNA expression lower than cutoff) or 1
(normalized miRNA expression higher than cutoff).

In the training set, with the R package “glmnet,” we
used the least absolute shrinkage and selection operator
method (LASSO, the classical and modified method in
Cox regression analysis of high dimensional data[8]) to
pick out the most valuable predictable miRNAs and con-
struct a signature which can stratify the patients into
high-risk and low-risk groups.

Bioinformatics analysis of target genes

Target genes of the five miRNAs were predicted using vari-
able databases, including miRanda (https://www.microrna.
org), PicTar (http://pictar.mdc-berlin.de), mirwalk (http://
zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2), and
TargetScan (https://www.targetscan.org), and then, we figured
out 738 genes simultaneously predicted in these four data-
bases. After that, we overlapped these genes with genes which
were confirmed relative with head and neck cancer and
radiotherapy through GeneCards (www.genecards.org). At
last, 108 genes were identified. Gene Ontology (GO) analysis
as well as KEGG pathway analysis was executed using DAVID
Bioinformatics Resources database (https://david.ncifcrf.gov).

Statistical analysis

Time-dependent receiver operating characteristic (ROC) curve,
a graphical plot that illustrates the diagnostic value of binary
classifier system[9], was performed via R package “pROC.”
Youden’s index = max (1-(sensitivity + specificity)). Kaplan—
Meier survival analysis was performed to investigate potential
risk factors for overall mortality with log-rank test. A two-tailed
P-value < 0.05 was considered as statistically significant for all
analyses executed. Statistical analysis was carried out using SPSS
version 16.0 software (SPSS Inc., Chicago, IL, USA).

A nomogram was established in combination with age,
T staging, N staging, 5-miRNA expression, and survival,
and Cox regression analysis was performed using SPSS
software and R package “rms.” The calibration plot, in
which the 45-degree line was defined as the idealized
model, was also performed using “rms.”

Results

Differential miRNAs identification and
cutoff estimation

miRNA array profiles and corresponding clinical records
for patients with HNSCC were obtained from the TCGA
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database. A total of 553 samples, consisting of 509 car-
cinomas and 44 normal mucosa specimens, from 509
patients with HNSCC were employed. Among them, 307
patients received external beam radiotherapy after surgical
operation, and the radiation dose ranged from 11 Gy to
73 Gy. After normalization, expressions of miRNAs in
normal specimens and carcinoma specimens were com-
pared to help overcome the confounding effect of tumor
purity, and 56 differential miRNAs (|fold change| >2 and
FDR < 0.01) were identified (Figure S1). Using X-tile,
the cutoff of each miRNA from these 56 differential miR-
NAs was calculated in combination with the OS with
Kaplan—Meier survival analysis and log-rank test. As a
result, the cutoff expression of miR-99a, miR-31, miR-410,
miR-424, and miR-495 is 8.5, 5.3, 2.3, 7.5, and 2.3, respec-
tively. The miRNA status was defined as 0 if the miRNA
expression level is lower than estimated cutoff and defined
as 1 if higher.

Establishment of a 5-miRNA signature for
predicting clinical outcomes

Three hundred and seven patients receiving radiotherapy
were randomly divided into two groups, including a

Table 1. Clinical covariates for the 307 HNSCC RT patients.
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training set (n = 154) and a validation set (n = 153)
(Table 1). In order to predict these patients’ radiotherapy
responses, a formula of combined miRNAs was established
using LASSO regression model in the training set,
where MiR score from 5-miRNA signature = miR-99a
status X (—0.5289) + miR-31 status X 0.4797 + miR-410
status X 0.8658 + miR-424 status X 0.5513 +
miR-495 status x 0.3789 (Fig. 1A,B), and these five miR-
NAs linked closely to clinical outcomes of HNSCC RT
patients (all P < 0.05; Fig. 1C). A cutoff of 1.2201 was
calculated using Youden’s index, while favorable sensitivity
as well as specificity was shown (62.4% and 75%, respec-
tively). Poorer prognoses were observed in high-risk patients
whose MiR scores were higher than 1.2201, while patients
with MiR scores lower than 1.2201 were with favorable
prognoses (Fig. 2A, left panel). According to time-dependent
ROC analysis, the prognostic accuracy of the five miRNA
signatures is 0.784 at 3 years and 0.736 at 5 years, respec-
tively. It was revealed that the 5-year survival rate in low-
risk group reached 73%, while significantly lower survival
rate (30%) was shown in high-risk group (hazard ratio
[HR] 3.65, 95%CI 2.46-8.16; P < 0.0001; Fig. 2A).
Prediction value of this 5-miRNA signature was further
evaluated in the validation set and the total set of all

Total % Training set % Validation set % P
Age, years, n <60 152 49.5 109 70.8 94 61.4 0.119
(%) >60 155 50.5 46 29.9 59 38.6
Gender, n (%) Male 240 78.2 128 83.1 112 73.2 0.039*
Female 67 21.8 26 16.9 41 26.8
Clinical T, n 1 16 5.2 9 5.8 7 4.6 0.258
(%) 2 71 231 38 24.7 33 21.6
3 84 27.4 48 31.2 36 235
4 127 41.4 56 36.4 71 46.4
Clinical N, n 0 112 36.5 54 35.1 58 37.9 0.763
(%) 1 58 18.9 31 20.1 27 17.6
2 120 39.1 62 40.3 58 37.9
3 5 1.6 3 1.9 2 1.3
Clinical M, n 0 288 93.8 144 93.5 144 94.1 0.247
(%) 1 3 1.0 3 1.9 0 0.0
Clinical stage, | 7 2.3 4 2.6 3 2.0 0.396
n (%) Il 33 10.7 17 11.0 16 10.5
1l 55 17.9 33 21.4 22 14.4
\% 204 66.4 96 62.3 107 69.9
Tumor grade, n 1 26 8.5 11 7.1 15 9.8 0.518
(%) 2 178 58.0 84 54.5 94 61.4
3 79 25.7 41 26.6 38 24.8
4 7 2.3 5 3.2 2 1.3
Survival time, 23.68 16.3 37.05 22.5 20.3 6.9 0.351
month (mean
+ SD)
Vital status, n Death 190 61.9 87 56.5 103 67.3 0.06
(%) Alive 117 38.1 67 43.5 50 32.7
HNSCC, head and neck squamous carcinoma; RT, radiotherapy. P-value was from chi-square test.
*P < 0.05.
728 © 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 1. miRNA selection using the least absolute shrinkage and selection operator (LASSO) logistic regression model. (A) Tuning parameter (Lambda,
) selection cross-validation error curve. The vertical lines were drawn at the optimal values by the minimum criteria and the 1-SE criteria. We choose
the right line by 1-SE criteria where the value = —=1.47 with A = 0.033. (B) The coefficients of 56 differential miRNAs from LASSO model. A vertical line
is drawn at the value chosen by 10-fold cross-validation. (C) X-tile analysis of the 5 selected miRNAs. Red indicates inverse association between marker

expression and overall survival, whereas green represents direct association.

patients who received radiotherapy. The 3-year and 5-year
prognostic accuracy of these miRNA signatures were 0.705
and 0.672 in the validation set, and 0.743 and 0.699 in
the total set, respectively. Similarly, significantly higher
5-year survival rates were observed in low-risk groups,
in comparison with high-risk ones, both in the validation
set and in the total set (Fig. 2B; Figure S2).

The prognostic values of the 5-miRNA
signature in HNSCC patients with/without RT

A proportion of patients with HNSCC may be radiore-
sistant, instead of benefiting from radiotherapy, some of
them even suffered from its toxicities [2]. Identification
of these unfavorable patients may help refining radiation
therapy strategy.

We evaluated the prognostic value of the 5-miRNA
signature in a total of 509 patients with HNSCC; patients
in low-risk group predicted by our 5-miRNA signature
generally had better 5-year OS than those in high-risk

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

group (Fig. 3A). When further stratified patients according
to their clinic-pathological risk factors, such as age, T
stage, N stage, and clinical stage, the 5-miRNA signature
remained as an independent and statistically significant
prognostic predictor, except for Stage I-II patients, which
was mainly due to the small proportion. (Figures S3 and
S4; Fig. 3B).

To further evaluate the predictive value of the 5-miRNA
signature in HNSCC with radiotherapy, patients were
divided into different groups based on the 5-miRNA sig-
nature, and the responses to radiotherapy were tracked.
It was revealed that in different subgroups, such as patients
with various T stage and N stage (which was often used
as the basis to make decision on radiotherapy), the responses
to radiotherapy differed in distinguished 5-miRNA
signature-based groups. In high-risk group, patients did
not benefit from radiotherapy (all P > 0.05; Fig. 3C, upper
panels), while better clinical outcomes of radiotherapy
were observed in low-risk patients (all P > 0.05; Fig. 3C,
lower panels). These results suggested that high-risk patients
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Figure 2. MiR score by the 5-miRNA signature, time-dependent ROC curves, and Kaplan—Meier survival in the training and validation sets according
to the 5-miRNA signature. Left panels represent the bar diagrams of every patient’s MiR score. It was shown that patients with MiR scores <1.2201
had better survival when compared with those with MiR scores more than 1.2201. Middle panels showed the ROC curves of training set and
validation set. Right panels indicate Kaplan—-Meier survival analysis of training set and validation set. ROC indicates receiver operating characteristic.
AUC indicates area under curve. The AUC was assessed at 3 and 5 years, and the P value was acquired through log-rank test. We calculated P values

using the log-rank test.

tend to be more insensitive to radiotherapy when com-
pared with low-risk ones.

As HPV-positive HNSCC tumors and laryngeal carci-
nomas are already known to show superior response to
standard therapy which typically including radiotherapy
and better survival, so we excluded the HPV+ HNSCC
tumors (HPV positivity was defined by p16 staining) and
laryngeal carcinomas (72 HPV+ and larynx tumors in
the low-risk group and 33 HPV+ and larynx tumors in
the high-risk group) and then repeated our analysis in the
rest HNSCC RT patients (n = 202). As a consequence,
the 5-miRNA signature remained as an independent prog-
nostic factor for the specific HNSCC RT patients (Figure
S5A). Likewise, higher survival rate was observed in the
low-risk group with RT in comparison with those without
RT (Figure S5C). Therefore, we can correctly draw the
conclusion the low-risk group produced by our original
5-miRNA signature did not overrepresent for HPV-positive
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tumor and laryngeal carcinoma (Figure S5). Moreover,
with the exclusion of HPV-positive HNSCC and laryngeal
carcinomas, our 5-miRNA signature is also predictive for
overall survival by RT treatment.

Establishment of a nomogram to predict the
overall survival in HNSCC with RT

In order to construct a visual scale to predict the clinical
outcomes of patients with HNSCC receiving radiotherapy,
multivariate Cox regression analysis was performed to
evaluate the relevant variables in predicting overall survival,
including the MiR score, age, and TNM staging. It was
revealed that except for MiR score, only N stage was
correlated with the prognosis of patients with HNSCC
receiving radiotherapy (Fig. 4A). Nevertheless, age and T
stage were traditionally considered as risk factors for adju-
vant radiotherapy in clinical practice [10, 11]. As a result,

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



L. Chen et al.

A Total 509 patients
S —— Low-risk
- —— High-risk
$ 8-
e
3 ol
n ©
g 2
3
& 1 P<0.0001
HR: 1.81(1.45 to 2.57)
=4 T T T 1
0 20 40 60 80
Time (month)
C
High-risk group
T1-2
= —— with RT
-~ —— without RT
S 3-
4
S ol
n ©
g 2
3
&1P=0.1274
o |HR:0.50(0.25 to 1.15)
0 20 40 60 80

Time (month)

Low-risk group

T1-2
=3 —— with RT
2 —— without RT
S 3-
c
S o
n ©
T o
o Y
3
&1P=0.0078
HR: 2.40(1.27 to 4.38)
o T T T 1
0 20 40 60 80

Time (month)

Overall survival

Overall survival Overall survival

Overall survival

Age<60
S —— Low-risk
- —— High-risk
o |
©
o |
©
o |
<
& 1P =0.0008
HR: 2.10(1.36 to 3.24)
° T T T ]
0 20 40 60 80
Time (month)
Age>60
= —— Low-risk
- —— High-risk
S
S
e |
<
&1P=0.0035
- HR: 1.79(1.21 to 2.64)
0 20 40 60 80
Time (month)
T3-4
=3 —— with RT
- —— without RT
o |
©
o |
©
o |
<
S&1P=04134
- HR: 1.10(0.66 to 1.85)
0 20 40 60 80
Time (month)
T3-4
S | —— with RT
< —— without RT
o |
©
o |
©
o |
<
&1P=0.0018
HR: 2.02(1.35 to 3.60)
0 20 40 60 80

Time (month)

Overall survival

Overall survival Overall survival

Overall survival

A MiRNA Nomogram to Predict HNSCC RT Response

T1-2
= —— Low-risk
- —— High-risk
o |
o
o |
©
e |
<
&1 P=0.0364
- HR: 1.77(1.04 to 3.03)
0 20 40 60 80
Time (month)
T3-4
= —— Low-risk
- —— High-risk
S
S
<
<
&1 P=0.0003
- HR: 1.90(1.35 to 2.69)
0 20 40 60 80
Time (month)
NO-1
=3 —— with RT
- —— without RT
o |
©
o |
©
e |
<
&1 P=04664
- HR: 0.83(0.48 to 1.37)
0 20 40 60 80
Time (month)
NO-1
S ] —— with RT
S —— without RT
o |
©
o |
©
o |
<
&1 P=0.0147
HR: 1.73(1.12 to 2.76)
0 20 40 60 80

Time (month)

Overall survival

Overall survival Overall survival

Overall survival

NO-1
S —— Low-risk
- —— High-risk
-
©
o ]
©
e
T
&1P=00113
- HR: 1.61(1.11 to 2.32)
0 20 40 60 80
Time (month)
N2-3
S —— Low-risk
- —— High-risk
o ]
o
o ]
©
<]
S
&1 P <0.0001
- HR: 2.87(1.76 to 4.67)
0 20 40 60 80
Time (month)
N2-3
= —— with RT
- —— without RT
o ]
©
o ]
©
o]
<+
K&1P=048
- HR: 1.30(0.60 to 2.96)
0 20 40 60 80
Time (month)
N2-3
S ] —— with RT
< —— without RT
o ]
©
2 ]
©
o]
<
o ]
~N
HR: 2.38(1.32 to 5.73)
C] T T T 1

60
Time (month)

Figure 3. The prognostic values of the 5-miRNA signature in HNSCC patients with/without RT. (A) Kaplan—Meier analysis of overall survival in 509
patients according to the 5-miRNA signature. It was observed that the 5-miRNA signature also had a significant prognostic value in all of 509 HNSCC
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log-rank test. We found in different subgroups, only low-risk group could get benefit in receiving RT, but high-risk group had similar survival with or

without RT.
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we constructed a nomogram to predict the clinical out-
comes of 307 HNSCC patients with radiotherapy, and
variables including age, T staging, and N staging were
taken into consideration (Fig. 4B).

Nomogram is a simple tool in prognosis evaluation.
Firstly, a vertical line could be drawn from each factor
to the “Points” line to get a score in the nomogram.
Then, each factor’s score was added to acquire the total
points, which could be used to estimate survival probability.
For example, consider a 62-year-old T2NIMX HNSCC
patient with MiR score equal to 0.8 who received radio-
therapy, the total points for this patient is 0 + 9 + 14
+ 45 = 65. According to the nomogram, the estimated
3-year OS is approximately 70-75%, while 5-year OS is
approximately 55-60%. The accuracy of the nomogram
is 0.81 and 0.731 at 3 years in the training set and vali-
dation set, respectively (Fig. 4D). According to the cali-
bration plot of both sets, the prediction accuracy of the

nomogram was comparable to the actual situation

L. Chen et al.

Target genes prediction and bioinformatics
analysis of the 5-miRNA signature

In order to further investigate the cellular biological func-
tions and potential mechanisms of the 5-miRNA signature,
we predicted target genes of the five miRNAs from four
databases, including miRanda, mirwalk, TargetScan, and
PicTar. A total of 738 overlapped genes were observed.
To narrow down the range and to ensure that these pre-
dicted genes do play roles in patients with HNSCC receiving
radiation therapy, we overlapped these 738 predicted genes
with 3968 HNSCC relative genes and 4378 radiotherapy-
related genes which were both achieved from GeneCards.
At last, we got 118 target genes, which might partially explain
the potential mechanisms of the five miRNAs in affecting
the prognosis of HNSCC patients with radiotherapy.
David Bioinformatics database (https://david.ncifcrf.gov)
was used to execute Gene Ontology (GO) analysis and
pathway analysis. The results are listed in Table 1. GO

(Fig. 4C). analysis consisted of three domains, including biological
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process (BP), molecular function (MF), and cellular com-
ponent (CC). It was found that these genes were mainly
associated with gene transcription and cell proliferation in
terms of BP, and involved in MF such as protein-binding
and protein tyrosine kinase activity and played a role in
constructing cytoplasm and cytosol in CC (Fig. 5A—C; Table
S1). Pathway analysis indicated that these genes mainly
enriched in malignancy-related pathways (Table S2),
including Pathways in cancer, Cell cycle, Melanoma,
Proteoglycans in cancer, microRNAs in cancer, and so forth
(Fig. 5D). In addition, we assumed that genes such as
FGF9, FGF2, FGFRI1, FGFR3, HBEGF, IGF1, TGFB2,
VEGFA, and MAP2K1 might play crucial roles in HNSCC.
However, our target gene prediction findings remain as
speculative, awaiting further validation.

Discussion

Although radiation therapy has been widely used in the
treatment of HNSCC, and about 75% patients benefit

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

from it, a subset of patients are still resistant to radio-
therapy [2]. For the radioresistant subset of patients,
radiotherapy has no benefit and may also introduce unde-
sirable side effects and compromises their quality of life.

A number of researchers were trying to figure out
methods in predicting radiotherapy effects in HNSCC. In
a retrospective study of Aaron et al. [12], which focused
on the relationship between HNSCC body composition
and radiotherapy, pre-RT body mass index (BMI) played
roles in predicting RT response. Likewise, HPV-positive
tumors are more radiosensitive, when compared with
HPV-negative ones [13]. Recent study [14] showed the
expression of 13 genes was closely correlated with the
postradiotherapy prognosis of HPV-negative HNSCC.
However, these studies only illustrated the possible factors
relevant to radiotherapy effects, and predictive biomarkers
for clinical practice were still lacking.

In recent years, the relation between miRNAs and radio-
therapy responses aroused much concern in cancer. For
example, Liu et al. [I5] figured out a 5-miRNA
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radiosensitive signature through the comparison between
radiosensitive and radioresistant cell lines. However, it was
not equal to the real condition in tumor microenvironment
in vivo. Furthermore, comparisons were only made between
patients radiated with a complete response and with tumor
progression on the expression of each miRNA in this sig-
nature through TCGA. Nevertheless, we found only one
(mir-150) of the above previously identified miRNAs (miR-
16, miR-29b, miR-150, miR-1254, and Let-7¢) was related
to the clinical outcomes of HNSCC RT (Figure S6), while
another five miRNAs (miR-99a, miR-31, miR-410, miR-424,
and miR-495) in our study significantly correlated with
HNSCC radiotherapy effects response. All these five miRNAs
played roles in the predicting the progression of HNSCC
radiotherapy. Among them, a positive correlation was
observed between the expression and prognosis of miR-99a,
while negative links were found in the remaining miRNAs.
All these five miRNAs could be used to divide patients
with HNSCC receiving RT into two groups with distinct
clinical outcomes (Fig. 1C).

Among these miRNAs, miR-99a regulates DNA damage
in prostate cancer cells, thus influence individual sensitivity
to radiation [16]. Increasing level of miR-31 strongly cor-
related with low survival rate in Chinese patients with
lung squamous cell carcinoma, via targeting the tumor
suppressor DICERI [17]. MiR-410 acts as oncogene in
non-small-cell lung carcinoma patients through suppress-
ing SLC34A2, thus activating Wnt/f-catenin pathway.
Furthermore, miR-424 was observed to impair ubiquitina-
tion to activate STAT3 and then promote the progression
of prostate tumor [18]. MiR-495 facilitates the progression
of breast cancer via repressing JAM-A [19].

However, studies are still lacking for the investigation
of correlation between those miRNAs expression and
HNSCC radiotherapy. To the best of our knowledge, this
is the first study to investigate the potential roles of these
miRNAs in the prediction of radiotherapy sensitivity in
patients with HNSCC. In addition, target genes of these
miRNAs were predicted via several databases; both GO
analysis and KEGG analysis were executed. As a result,
most of these target genes played roles in crucial cell
function and pathways, including “protein-binding,
Pathways in cancer, Cell cycle, Melanoma, Proteoglycans in
cancer, microRNAs in cancer, and so on.” Target genes
involved in these top enriched pathways included fibrosis-
related genes (such as FGF9, FGF2, FGFRI, and FGFR3),
immune-related genes (such as TGFB2), tumor-relevant
genes (such as MAP2K1), and so forth. Our study might
provide novel therapeutic targets in patients with HNSCC,
and the potential mechanisms of these miRNAs in HNSCC
radiotherapy sensitivity warrant further study.

Our study revealed that in order to reduce patients’ suffering
and medical costs, the prescription of radiotherapy might differ
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between low-risk patients and high-risk ones. Early miRNA
detection is recommended before the initiation of radiation
therapy, and tailored radiotherapy strategy or alternative therapy
is indicated in patient with high-risk miRNAs status.
Comparisons were drawn between TNM staging and
model analysis. In our population, T stage did not do well
in predicting the survival of HNSCC radiotherapy, which
means the TNM staging might not be precise enough in
assessing  the of radiotherapy in HNSCC.
Nevertheless, our 5-miRNA signature is capable of predict-

response

ing clinical outcomes, when compared with other clinical
variables such as age and TNM staging (Fig. 4A). Differed
from other studies, a nomogram was established for clinical
practice simultaneously, which might be used in real-life
clinical practice and promote the recognition of radiotherapy-
responsive status. This nomogram might be used not only
to assist physicians in the decision-making process but also
to act as a prognostic factor for patients with HNSCC.

There also existed some limitations. First of all, further
clinical trials are needed to validate the predictive accuracy
of our nomogram in HNSCC patients with radiotherapy.
In addition, further studies to investigate the potential
mechanisms of these miRNAs both in vitro and in vivo
were lacked, as well as prospective studies.

In conclusion, the 5-miRNA signature may serve as a
novel and reliable biomarker for prediction of clinical
outcomes in patients with HNSCC receiving radiotherapy.
Likewise, the nomogram based on 5-miRNA signature
might become a promising tool in the decision-making
on radiotherapy and prognosis estimation.
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Figure S1. HEATMAP OF 56 miRNA.

Figure S2. Mir score by the 5-miRNA signature, time-
dependent ROC curves and Kaplan Meier survival in total
adiotherapy sets.

Figure S3. The 5-miRNA signature was independent.
No significant difference between different groups in every
clinical characteristic.

Figure S4. The prognostic values of the 5-miRNA sig-
nature for HNSCC patients with/without RT in different
clinical stage.

Figure S5. The prognostic values of the 5-miRNA sig-
nature in HNSCC patients(excluding HPV+ HNSCC and
laryngeal carcinomas) with/without RT.

Figure S6. X-tile plots of other 5 miRNA from Liu’s
study.

Table S1. Top 10 Gene oncology terms in 3 domains
of the predicted genes.

Table S2. Pathway analysis of predicted genes.
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