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Gene-expression signature predicts survival
benefit from postoperative chemoradiotherapy in
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Abstract. Postoperative radiotherapy or concurrent chemora-
diotherapy are routine clinical options for the treatment of head
and neck squamous cell carcinoma (HNSCC). However, the
benefit of adding chemotherapy to radiotherapy is contested.
The present study aimed to develop a gene signature to predict
the clinical benefit of postoperative chemoradiotherapy using
public data from The Cancer Genome Atlas. A 22-gene signa-
ture was established, which demonstrated the best predictive
value. Patients were separated into low-score and high-score
subgroups based on the expression score of the 22-gene
signature. In the high-score subgroup, patients who received
chemoradiotherapy demonstrated improved overall survival,
relapse-free survival and local regional control compared
with those who received radiotherapy alone. However, in the
low-score subgroup adding chemotherapy to radiotherapy was
associated with worse patient outcomes. The predictive value
of the 22-gene signature was independent of the conventional
clinical variables. Gene set enrichment analysis revealed that
the expression signatures of hypoxia phenotype and stem-like
traits were significantly enriched in the low-score subgroup. In
addition, the low-score subgroup was associated with the gene
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sets involved in resistance to anticancer drugs. In conclusion,
hypoxia- or stem-like gene expression properties are associ-
ated with chemotherapy-resistance in HNSCC. The 22-gene
signature may be useful as a predictive marker to help distin-
guish patients who will benefit from postoperative concurrent
chemoradiotherapy.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the
tenth most common malignancy and the eleventh cause of
cancer-related deaths in the United States (1). Patients with
early stage HNSCC could usually get good curative results
after surgery or radiotherapy. Unfortunately, many patients
were diagnosed with advanced HNSCC and postoperative
adjuvant therapy seems necessary for improving outcome (2).
In patients with clinically high-risk HNSCC, postopera-
tive concurrent chemoradiotherapy improved loco-regional
control (LRC) compared with mono radiotherapy (3,4).
However, the long-term relapse free survival (RFS) and
overall survival (OS) showed no difference between patients
who received chemoradiotherapy and those with radiotherapy
alone (4). Meanwhile, adding chemotherapy to radiotherapy
increases the risk of both acute and late toxicity, resulting in
a decreased quality of life (5,6). For this reason, the proper
decision of concurrent chemoradiotherapy or mono radio-
therapy should be discussed for selecting patients who will
get more clinical benefit and avoid unnecessary side effect.
Thus, finding novel molecular signatures with superior
predictive values will be helpful for better treatment decision
in patients with HNSCC.

To date, gene expression profiles by microarrays or
next-generation sequencing platforms have been widely used
in developing biomarkers in various types of cancer including
HNSCC. Multiple studies have reported molecular subtypes of
HNSCC by gene expression profiles (7-9). These gene expres-
sion subtypes were correlated with biological features of tumors
as well as the clinical outcome of patients. Linge et al reported
that high expression levels of hypoxia-induced gene signa-
ture and cancer stem cell markers were correlated with poor
prognosis after postoperative chemoradiotherapy in HNSCC
patients (10). However, most of these gene signatures were
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reported as prognostic factors for HNSCC. Little biomarkers
have been developed for predicting the clinical benefit of post-
operative concurrent chemoradiotherapy compared with mono
radiotherapy.

This study was designed to develop a gene signature for
distinguishing HNSCC patients who would benefit from
concurrent postoperative chemoradiotherapy compared with
radiotherapy alone. RNA-sequencing data and corresponding
therapeutic information of HNSCC patients were collected
from The Cancer Genome Atlas (TCGA). Using a bioin-
formatic approach, we identified a 22-gene signature. This
signature was helpful to stratify patients with different survival
benefits of postoperative chemoradiotherapy compared with
radiotherapy alone. However, there were no prognostic differ-
ences between concurrent chemoradiotherapy and mono
radiotherapy groups when considering all patients. In addition,
the predictive value of this signature was independent of tradi-
tional clinical parameters.

Materials and methods

Patients and clinical characteristics. The gene-expression
profiles and clinical information from 528 patients with HNSCC
were collected from TCGA. A subgroup of 281 patients from
this cohort was involved in this analysis, with the following
criteria: i) Without any neo-adjuvant therapy before surgery;
ii) receiving postoperative mono radiotherapy or concur-
rent chemoradiotherapy before any recurrence or metastasis
occurs; iii) with follow-up information after treatment; and
iv) with gene-expression profiles of the primary tumors. A
clinically high-risk factor was defined for 209 patients, by
three parameters: With positive lymph nodes =2, extracapsular
extension of nodal disease or positive surgical margins, as
described previously (3).

OS was defined as the survival time from the surgery date
to the time point of patient death, or the last follow-up time
of living (censored data). RFS was defined as the survival
time from the surgery date to the point of loco-regional or
distant recurrence of cancer, or the last follow-up time without
recurrence (censored data). LRC was defined as the survival
time from the surgery date to the point of local or regional
recurrence of cancer, or to the last follow-up time without
loco-regional recurrence (censored data).

Postoperative radiation and chemoradiotherapy. Patients
have received mono radiotherapy or concurrent chemoradio-
therapy after primary surgical treatment. Both radiation and
chemoradiotherapy were delivered without any evidence of
loco-regional recurrence or distant metastasis. For irradiation,
66.9% (188/281) of patients received =60 Gy of total dosage.
Conventional fractionation delivered 1.8-2.2 Gy/fraction,
1 fraction/day, 5 days/week. The other fraction types were
characterized as none-conventional group. In the chemoradio-
therapy group, patients received concomitant chemotherapy
with irradiations. Chemotherapy agents were classified into
three types: i) Mono therapy of platinum (cisplatin or carbo-
platin); ii) platinum plus paclitaxel; and iii) chemo-drug plus
target drug. The clinical parameters between mono radio-
therapy and concurrent chemoradiotherapy were showed in
Table I.
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Gene-expression data processing. Gene-expression data
of 281 primary HNSCCs was profiled by RNA sequencing
method. Level 3 data of fragments per kilobase of gene per
million fragments mapped with upper quartile normaliza-
tion (FPKM-uq) were downloaded from TCGA Data Portal.
FPKM-uq value was log,-transformed for subsequent analysis.
For each gene, the expression value was scaled to z-value with
mean of 0 and standard deviation of 1 across all samples.

Selection of gene-expression signature for survival benefit
from chemoradiotherapy. A workflow chart of signature
development in this study is depicted in Fig. 1A. The genes
were preselected by their interaction effect with treatment
groups based on the OS. For each gene, all patients were
grouped into two sub-groups according to the median of gene
expression value. The interaction effect between gene groups
and treatment groups were tested by Cox model based on
OS. Genes with P<0.001 (test for interaction) were selected
for subsequent exclusion and inclusion procedures for identi-
fying a minimum set of genes that had the highest predictive
ability. In the exclusion and inclusion processes, the Principal
Component Analysis were performed for each gene set, and
the first principal component (PC1) was used to group patients
into two subgroups by median. Cox model was performed to
test the interaction effect between PC1 groups and treatment
groups. The exclusion procedure removes one gene at a time
which yielded the maximal R Square (R2, goodness-of-fit)
in the Cox model. The procedure was repeated until there
was only one gene left. Starting with this gene, the inclu-
sion procedure added one gene at a time which yielded the
maximal resultant R?. The minimum number of genes having
the largest R* was chosen as the optimal predictive gene
signature for survival benefit from chemoradiotherapy.

We also performed another method described by Zhu et al
to identify the prognostic genes (11). This method were used
to stratify patients for survival benefit analysis of chemoradio-
therapy, and were compared with our method.

Bioinformatic and statistical methods. All tumor samples
were separated into two subgroups by the median of
gene-expression score (PCI1) of the predictive gene signature
identified above. Gene gene-expression profiles were visual-
ized by heat map. Gene Set Enrichment Analysis (GSEA) of
was performed for the two subgroups of samples using the
‘C2’ gene sets from the MSigDB database v6.0 (12). Gene
sets with gene numbers <15 or >500 were not included in
analysis. The enrichment P-value was obtained by using
1,000 iterations of sample-shuffling. The false discovery
rate (FDR) <0.25 was considered to be significant cut-off as
recommended previously (12).

The correlations between various clinical variables and
patient subgroups identified by the gene signature were tested
by the Chi-square test or Fisher's exact test. Kaplan-Meier
curves and log-rank test were used to compare the OS, RFS and
LRC of different postoperative treatments, in each subgroup of
patients. The interaction effect between clinical/genetic vari-
ables and treatment groups was estimated by multivariate Cox
model. All statistical tests were two-sided, and P-value <0.05
was considered to be significant. All statistical analyses were
performed by R software (version 2.15.2).
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Table I. Association between treatment groups and other clinical parameters.
Treatment
Variable Parameter Radiation Chemoradiation P-value
Sex 0.2160
Female 34 (24.8) 26 (18.1)
Male 103 (75.2) 118 (81.9)
Age 0.0004
<60 years 54 (39.4) 88 (61.1)
=60 years 83 (60.6) 56 (38.9)
Smoking index 0.8450
<40 pys 34 (24.8) 39 (27.1)
=40 43 (31.4) 55 (38.2)
N/A 60 (43.8) 50 (34.7)
Anatomic site 9.65x10¢
Oral cavity 93 (67.9) 78 (54.2)
Oropharynx 2(1.5) 4 (2.8)
Hypopharynx 36 (26.3) 31 (21.5)
Larynx 644 31 (21.5)
Nodal positive 5.82x107
<2 81(59.1) 38 (26.4)
=2 35(25.5) 69 (47.9)
N/A 21 (15.3) 37 (25.7)
Nodal extracapsular 0.0003
NO 74 (54) 43 (29.9)
YES 27 (19.7) 49 (34)
N/A 36 (26.3) 52 (36.1)
Margin status 0.0340
Negative 117 (85.4) 90 (62.5)
Positive 12 (8.8) 2 (15.3)
N/A 8(5.8) 32 (22.2)
Clinical high risk 4.51x107°
No 59 (43.1) 15 (10.4)
Yes 49 (35.8) 86 (59.7)
N/A 29 (21.2) 43 (29.9)
Tumor grade 0.0080*
Gl 23 (16.8) 8 (5.6)
G2 74 (54) 89 (61.8)
G3 39 (28.5) 33 (22.9)
G4 0 (0) 2(1.4)
N/A 1(0.7) 12 (8.3)
TNM stage 0.0010°
I 8(5.8) 1(0.7)
1I 12 (8.8) 4(2.8)
1 26 (19) 11 (7.6)
v 79 (57.7) 93 (64.6)
N/A 12 (8.8) 35(24.3)
pT stage 0.2180
T1-2 45 (32.8) 31 (21.5)
T3-4 80 (58.4) 81 (56.2)
N/A 12 (8.8) 32 (22.2)
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Table I. Continued.
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Treatment
Variable Parameter Radiation Chemoradiation P-value
pN stage 3.47x10°®
NO-1 80 (58.4) 33 (22.9)
N2-3 38 (27.7) 76 (52.8)
N/A 19 (13.9) 35(24.3)
“Fisher's exact test. pys, package years; N/A, not available.
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Figure 1. Identifying optimal gene signature for predicting survival benefit of postoperative treatment. (A) A workflow of the method used for identifying the
gene signature in this study. (B) Exclusion and inclusion procedure for gene selection. Scatter plotting shows the R square (y-axis) of the Cox model against gene
index (x-axis), for each exclusion or inclusion step. The best selection of minimal gene number and maximal R square was highlighted. (C) Gene-expression
score of the best 22-gene signature was ordered and plotted against the patient index. Horizontal line indicates the median gene-expression score, which was
used as cut-off for patient grouping. (D) Gene-expression profile of the 22-gene signature across all patients. Relative gene-expression levels are showed by
heat map, with red for high expression and blue for low expression. Patients/samples are grouped into low-score and high-score sub-groups as described in (B).
PCI, the first principal component.
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Subgroup Ensemble ID Entrez gene ID  Gene symbol Description

A, Low-score
ENSG00000128709 3235 HOXD9 Homeobox D9
ENSG00000181001 79473 OR52N1 Olfactory receptor family 52 subfamily N member 1
ENSG00000167987 55048 VPS37C VPS37C, ESCRT-I subunit
ENSG00000101193 54994 GID8 GID complex subunit 8 homolog
ENSG00000101189 55257 MRGBP MRG domain binding protein
ENSGO00000162869 129285 PPP1R21 Protein phosphatase 1 regulatory subunit 21
ENSG00000076108 11176 BAZ2A Bromodomain adjacent to zinc finger domain 2A
ENSG00000164933 81034 SLC25A32 Solute carrier family 25 member 32
ENSG00000108417 8688 KRT37 Keratin 37
ENSG00000280230 - - -

B, High-score
ENSG00000113448 5144 PDE4D Phosphodiesterase 4D
ENSGO00000179262 5886 RAD23A RAD23 homolog A, nucleotide excision repair protein
ENSG00000164089 64850 ETNPPL Ethanolamine-phosphate phospho-lyase
ENSG00000182712 1E+08 CMC4 C-X9-C motif containing 4
ENSG00000204612 442425 FOXB2 Forkhead box B2
ENSG00000239389 56136 PCDHA13 Protocadherin alpha 13
ENSG00000211698 6977 TRGV4 T cell receptor gamma variable 4
ENSG00000124444 79177 ZNF576 Zinc finger protein 576
ENSG00000176136 4161 MC5R Melanocortin 5 receptor
ENSG00000243772 3804 KIR2DL3 Killer cell immunoglobulin like receptor, two

immunoglobulin domains and long cytoplasmic tail 3

ENSG00000268533 - - -
ENSG00000279282 - - -

Results

Identifying gene-expression predictor for survival benefit from
chemoradiotherapy. For the gene-expression profiles, each gene
was tested by their interaction effect with treatment groups in
Cox model based on OS. With a cut-off of P<0.001 (test for
interaction), 55 genes showed significant interaction effect with
treatment groups. In order to identify the minimum set of genes
with the best predicting efficiency, the 55 candidate genes were
used in the exclusion and inclusion procedure. As a result, a
combination of 22 genes achieved the highest R? in the Cox
regression model (Fig. 1B). The details of the 22 genes were
listed in Table II. The gene-expression score of the 22 genes
(also referred to as 22-gene signature) was defined as the first
principal component (PC1) by the PCA model. The patients
were separated into low-score and high-score subgroups
according to the median of gene-expression score (Fig. 1C). The
two subgroups showed distinct gene-expression patterns, with
10 genes upregulated in the low-score subgroup and 12 genes
upregulated in the high-score subgroup respectively (Fig. 1D).

Association of 22-gene signature with the clinical variables.
The association between 22-gene signature subgroups and

conventional clinical variables was analyzed (Table III). There
was no significant correlation between the 22-gene subgroups
and the postoperative treatment groups (P=0.592). The anatomic
site of the primary tumor was associated with the gene signature
sub-groups (P=0.033). Tumors in the low-score subgroup were
associated with positive lymph nodes <2 (P=0.001), nega-
tive surgical margin (P=0.051), as well as the three-variable
combined low-risk group (P=0.003). For pathological grade,
the well differentiated tumors were enriched in the low-score
subgroup while the poor differentiated tumors were enriched in
the high-score subgroup (P=0.0004). The other clinical variables
(such as gender, age, smoking index, TNM stage, irradiation
dosage/fraction or chemo-reagents) showed no significant asso-
ciation with the 22-gene subgroups (P>0.1).

The low-score subgroup was associated with gene signatures
of stemness and chemo-resistance. We next examined the
biological meanings of the 22-gene signature subgroups. GSEA
was performed using the 4,731 curated gene sets (C2), which
contain canonical pathways and expression signatures from
various experiments. When using FDR <25% as the signifi-
cant cut-off (12), 69 gene sets were enriched in the low-score
subgroup while there was no gene sets significantly enriched
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Table III. Association between 22-gene subgroups and clinical parameters.
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22-gene signature

Variable Parameter Low-score High-score P-value
Sex 0.640
Female 32 (22.9) 28 (19.9)
Male 108 (77.1) 113 (80.1)
Age 0511
<60 years 74 (52.9) 68 (48.2)
=60 years 66 (47.1) 73 (51.8)
Smoking index 0.703
<40 pys 36 (25.7) 37 (26.2)
=40 pys 46 (32.9) 52 (36.9)
N/A 58 (414) 52(36.9)
Anatomic site 0.033*
Oral cavity 94 (67.1) 77 (54.6)
Oropharynx 11 (7.9) 26 (18.4)
Hypopharynx 2(14) 4(2.8)
Larynx 33 (23.6) 34 (24.1)
Positive nodes 0.001
<2 73 (52.1) 46 (32.6)
=2 48 (34.3) 56 (39.7)
N/A 19 (13.6) 39 (27.7)
Extracapsular invasion 0.127
No 59 (42.1) 58 (41.1)
Yes 44 (31.4) 32(22.7)
N/A 37 (26.4) 51(36.2)
Margin status 0.028
Negative 113 (80.7) 94 (66.7)
Positive 12 (8.6) 22 (15.6)
N/A 28 (20) 37 (26.2)
Clinical high risk 0.003
No 47 (33.6) 27 (19.1)
Yes 63 (45) 72 (51.1)
N/A 30 (21.4) 42 (29.8)
Tumor grade 0.0004*
Gl 24 (17.1) 7(5)
G2 86 (61.4) 77 (54.6)
G3 26 (18.6) 46 (32.6)
G4 0() 2(1.4)
N/A 4(29) 9(6.4)
TNM stage 0.458*
I 32.1) 6 (4.3)
II 10 (7.1) 6 (4.3)
11 21 (15) 16 (11.3)
v 86 (61.4) 86 (61)
N/A 20 (14.3) 27 (19.1)
pT stage 0.161
T1-2 32(229) 44 (31.2)
T3-4 88 (62.9) 73 (51.8)
N/A 20 (14.3) 24 (17)
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Table III. Continued.
22-gene signature
Variable Parameter Low-score High-score P-value
pN stage 0.100
NO-1 65 (46.4) 48 (34)
N2-3 52 (37.1) 62 (44)
N/A 23 (16.4) 31 (22)
Radiation fraction 0.945
Conventional 87 (62.1) 85 (60.3)
None-conventional 10 (7.1) 11 (7.8)
N/A 43 (30.7) 45 (31.9)
Radiation dosage 0.266
<60 Gy 17 (12.1) 2(17)
>60 Gy 100 (71.4) 88 (62.4)
N/A 23 (16.4) 29 (20.6)
Drug name 0.878¢
Platin 21 (15) 25 (17.7)
Platin + Taxel 8(5.7) 9(64)
Chemo + Target 2(1.4) 3(2.1)
N/A 109 (77.9) 104 (73.8)
Postoperative treatment group 0.592
Radiation 71 (50.7) 66 (46.8)
Radichem 69 (49.3) 75 (53.2)

“Fisher's exact test. pys, package years; N/A, not available; RadiChem, concurrent chemoradiotherapy; TNM, tumor, node metastasis.

in the high-score subgroup. The hypoxia upregulated gene
signature identified in HNSCC was significantly enriched in
the low-score subgroup (Fig. 2A, NES=-2.17, P-value <0.001,
FDR=0.057). Two gene sets of human mammary stem cells
(Fig. 2B, NES=-1.81, P-value=0.034, FDR=0.208) and the
mouse embryonic, neural, and hematopoietic stem cells
(Fig. 2C, NES=-1.77, P-value=0.037, FDR=0.232) were
enriched in the low-score subgroup. Meanwhile, the low-score
subtype was also associated with genes upregulated in the basal
subtype of breast cancer (Fig. 2D, NES=-1.75, P-value=0.002,
FDR=0.226). These results suggest the low-score subgroup
may carry characteristics of stemness and basal phenotype of
cancer.

Particularly, the low-score subtype was significantly asso-
ciated with gene sets involved in resistance of cancer cells to
antitumor drugs. Genes downregulated in B-lymphoma cells
in response to rapamycin were significantly enriched in the
low-score subgroup (Fig. 2E, NES=-2.23, P-value <0.001,
FDR=0.061). Another gene set which was upregulated in
breast cancer cells resistant to docetaxel was also significantly
enriched in the low-score subgroup (Fig. 2F, NES=-1.97,
P-value <0.001, FDR=0.153).

Survival benefit of chemoradiotherapy predicted by 22-gene
signature. The survival benefit from concurrent chemoradio-
therapy was assessed in different subgroups of patients. There

was no OS improvement for adding chemotherapy to radio-
therapy when considering the whole cohort (Fig. 3A, log-rank
test, P=0.15). In the low-score subgroup, patients who received
chemoradiotherapy showed even worse OS than those with
radiotherapy (P<0.001; Fig. 3B). However, for the high-score
subgroup, concurrent chemoradiotherapy demonstrated signif-
icantly improved OS than radiotherapy (P<0.001; Fig. 3C). For
RFS, patients who received concurrent chemoradiotherapy
showed no benefit for the whole cohort (P=0.14; Fig. 3D),
poorer outcome in the low-score subgroup (P<0.001; Fig. 3E),
and better outcome in the high-score subgroup (P=0.014;
Fig. 3F). Similarly, patients who received chemoradiotherapy
have no benefit on LRC than those who received radiotherapy
alone (P=0.44; Fig. 3G) when considering all patients. Patients
who received chemoradiotherapy in low-score subgroup
demonstrated worse LRC (P=0.011; Fig. 3H), but patients in
the high-score subgroup showed improved LRC (P=0.001;
Fig. 3I), compared with those who received radiotherapy alone.

Predictive value of 22-gene signature is better than routine
clinical variables. The prognostic value and interaction effect
with postoperative treatment of clinical/genetic variables
were analyzed by Cox regression model (Table IV). The posi-
tive lymph nodes >2 (P=0.028), surgical margin (P=0.032),
as well as the three-variable combined risk group (P=0.015)
were significant prognostic factors for OS. The high-score
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Figure 2. GSEA for the two subgroups of HNSCC. GSEA was performed for the two subgroups identified by 22-gene signature. Label ‘1’ shows the high-score
subgroup, label ‘0’ for the low-score subgroup. Green lines indicate the Enrichment score of each gene sets. The P-value was obtained by 1,000 iterations of
sample-shuffling. (A) Gene set upregulated in hypoxia in HNSCC. (B) Gene set upregulated in human mammary stem cells. (C) Gene set upregulated in mouse
embryonic, neural, and hematopoietic stem cells. (D) Gene set upregulated in basal subtype compared with luminal subtype. (E) Gene set downregulated
in cells in response to rapamycin. (F) Gene set upregulated in cells resistant to docetaxel. GSEA, Gene Set Enrichment Analysis; HNSCC, head and neck
squamous cell carcinoma; ES, enrichment score; NES, new enrichment score; FDR, false discovery rate.

subgroup of 22-gene signature was a high risk factor of patient
death (P<0.001). A significant interaction effect was observed
between 22-gene signature and postoperative treatment (test for
interaction, P<0.001). Although the three-variable combined
risk group was a prognostic factor for OS (P=0.015), but it was
not a predictive factor for treatment benefit (test for interaction,
P=0.121). The other clinical parameters showed no statistical
significance in the Cox analysis.

We next investigate the relationship between the 22-gene
signature and the conventional clinical risk factors in
predicting the outcome benefit of adjuvant chemoradiotherapy
(Fig. 4). When considering all patients at clinical high-risk,
concurrent chemoradiotherapy after surgical resection did not
demonstrate better outcome than radiotherapy alone (P>0.05;
Fig. 4A, D and G). For the patients in low-score subgroup by
the 22-gene signature, concurrent chemoradiotherapy was
correlated with worse OS (log-rank test, P<0.001; Fig. 4B),
poorer RFS (P=0.006; Fig. 4E) and worse LRC (P=0.025;
Fig. 4H), compare with mono radiotherapy. In the high-score
sub-group, however, chemoradiotherapy demonstrated better
OS (P<0.001; Fig. 4C), better RFS (P=0.002; Fig. 4F), and
improved LRC (P<0.001; Fig. 3I) than mono radiotherapy.
However, the predictive value of the 22-gene signature was not

significant anymore in the sub-cohort of patients at clinical
low-risk (Fig. 5). These results suggested that a combination
of the 22-gene signature and conventional clinical risk factors
may be more precise in predicting treatment benefit.

We also compared our bioinformatic approach with a
previously described method which identified the prognostic
genes (11). Using the previous method, we developed a
gene-expression profile (Fig. 6A) which could predict poor
prognosis for patients who received mono radiotherapy
(Fig. 6B, left column). The patients who received concur-
rent chemoradiotherapy were also classified as low-risk
or high-risk groups by this gene-expression profile. In the
low-risk subgroup, concurrent chemoradiotherapy could not
improve patient outcome, but an even worse prognosis was
observed (Fig. 6B, middle column). In the high-risk group,
there was no significant improvement of survival by concur-
rent chemoradiotherapy (Fig. 6B, right column).

Discussion
Postoperative radiotherapy or concurrent chemoradiotherapy are

common for improving patient outcome in advanced HNSCC.
However, the proper decision of using mono radiotherapy or



SPANDIDOS

| PUBLICATIONS ONCOLOGY LETTERS 16: 2565-2578, 2018 2573
All patients Low-score High-score
(=] "
- —— Radi.
‘ql‘"_ . —. Radi.chemo.
o S
e +
-
E: 2 g 24 1
v ¢ g g °
O3 3 3
=] =1 =]
w w w
o o
= P-value=0.15 A=t =
N=281 P-value=1.6e-13 P-value=2.3e-06
e 2 =) N=140 o N=141
< T T T = T I < T Ll T I
0 5 10 15 0 10 15 0 2 4 8 8
Survival time (years) Survival time (years) Survival time (years)
D = E o F o
— Radi. — Radi. <% — Radi.
w© - Radi. chemo. o f - =+ Radi.chemo. ® M =+ Radi.chemo.
=t s ! =
2 2 1 =
wn 2 2 _|i - AT
w £ 2 F - g @ !
e £° e ° t g © b m
a . (=% (=%
B o= H+e -+ T o= | ER
£ 3 £31 £3
@ @ ++ @
o o~ o
= P-value=0.14 e S
N= 270 P-value=1.7e-06 P-value=0.014
= o N=134 o N=136
(=] (=] (=]
T 1 T I I I i I !
0 5 10 15 0 10 15 0 2 4 8 8
Survival time (years) Survival time (years) Survival time (years)
G ) H =} | e ]
HH- =
o | +-—+ @ J 2 4
> ° > S z°
§ - g5 " g3
Ot _ 4 _ 8
= T o« —— Radi. B o« | —— Radi. T < —— Radi.
£ S - - Radi.chemo. s .~ Radi.chemo. £ - - Radi.chemo.
@ @ @
o o o
o P-value=0.44 ° ©
N= 258 P-value=0.011 P-value=0.0012
o = N=129 o N=129
(=] (=] (=]
1 1 I 1 1 1 1 1 1
0 5 10 15 0 10 15 0 2 4 6 8

Survival time (years)

Survival time (years)

Survival time (years)

Figure 3. Outcome benefit from concurrent chemoradiotherapy stratified by 22-gene signature. The upper, middle and the bottom panels show OS, RFS and
LRC, respectively. The whole cohort of HNSC patients (the left column), low-score (the middle column) and high-score (the right column) stratified by 22-gene
signature are analyzed respectively. Kaplan-Meier curves show the outcome of patients with different postoperative treatments. The P-value of each pair of
Kaplan-Meier curves was calculated by log-rank test. (A) OS analysis for all patients. (B) OS analysis for patients with low-score by 22-gene signature. (C) OS
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concurrent chemoradiotherapy is controversial. In this study, we
developed a 22-gene expression signature which distinguished
HNSCC patients with different outcome after receiving chemo-
radiotherapy. Patients classified as high-score subgroup might
get improved outcome from concurrent chemoradiotherapy
compared with mono radiotherapy. In contrast, in the low-score
subgroup, patient receiving chemoradiotherapy would get even
worse prognosis. The high-score subtype was associated with
some proliferation promoting genes. Genes upregulated in the

low-score subtype were related to stemness traits and drug
resistance features in cancer cells.

For HNSCC patients with clinically high-risk (at least one
of the three factors: With two or more positive lymph nodes,
extracapsular extension of nodal disease or positive surgical
margins), postoperative chemoradiotherapy improved local
control and RFS compared with mono radiotherapy initially (3).
However, the long-term RFS and OS showed no significant
differences (4). Further analysis showed that only patients with


https://www.spandidos-publications.com/10.3892/ol.2018.8964
https://www.spandidos-publications.com/10.3892/ol.2018.8964
https://www.spandidos-publications.com/10.3892/ol.2018.8964

2574 CHEN et al: GENE SIGNATURE FOR ADJUVANT CHEMORADIOTHERAPY IN HNSCC

Table I'V. Cox regression of clinical/genetic variables based on OS.

Variables

Main effect of variables

Interaction effects with therapy

Hazard ratio

Gender (male vs. female)

Age (=60 vs. <60), years

Smoking index (=40 vs. <40), py
Anatomic site (others vs. oral cavity)
Positive node (=2 vs. <2)
Extracapsular invasion (yes vs. no)
Margin status (positive vs. negative)
High risk® (yes vs. no)

High risk® (yes vs. no)

Tumor grade (G3-4 vs. G1-2)

TNM stage (IV vs. I-11)

pT stage (T3-4 vs. T1-2)

pN stage (N2-3 vs. NO-1)

22-gene signature (high-score vs. low-score)

0.86 (0.2-3.75)

1.942 (0.49-7.74)

1.17 (0.19-7.24)

1.09 (0.27-4.36)

5.06 (1.19-21.47)
3.49 (0.75-16.23)
6.43 (1.17-35.33)
7.48 (1.48-37.83)
6.19 (1.41-27.17)
1.68 (0.401-7.01)
4.66 (0.76-28.68)
443 (0.79-24.75)
3.56 (0.8-15.93)

300.32 (62.07-1453.13)

P-value Hazard ratio P-value
0.839 0.89 (0.35-2.25) 0.807
0.347 0.77 (0.33-1.79) 0.547
0.866 0.85 (0.29-2.53) 0.776
0.902 0.84 (0.36-1.94) 0.679
0.028 0.53 (0.21-1.35) 0.185
0.111 0.92 (0.35-2.44) 0.869
0.032 048 (0.17-1.37) 0.171
0.015 042 (0.14-1.26) 0.121
0016 0.58 (0.22-148) 0.251
0.480 0.64 (0.26-1.59) 0.331
0.097 0.56 (0.16-2.02) 0.379
0.090 0.59 (0.2-1.71) 0.327
0.096 0.72 (0.27-1.94) 0.518
1.32x10"2 0.02 (0.01-0.05) 7.99x10°"5

*Clinical high-risk by Positive node =2, extracapsular invasion and positive margin; "Clinical high-risk by extracapsular invasion and positive

margin. y, years; py, package years.

extracapsular extension and/or positive surgical margins could
benefit from adjuvant concurrent chemoradiotherapy (4,13).
For the TCGA cohort analyzed in this study, we found that
neither the three-variable nor the two-variable combined risk
factor could predict the survival benefit of adjuvant chemo-
radiotherapy (Fig. 4; Table IV). These results suggest a novel
signature is needed to improve the predictive efficiency of
the conventional clinical factors. Here, the 22-gene signature
showed a significant interaction effect with postoperative
concurrent chemoradiotherapy on the patient outcome. Adding
chemotherapy to radiotherapy improved postoperative outcome
only in patients from the high-score subgroup but not in those
from the low-score subgroup stratified by the 22-gene signature.
Moreover, we also found that the 22-gene signature exhibited
predictive value only in the clinically high-risk sub-cohort,
but not in patients with low-risk. These results suggested that a
combination of the 22-gene signature and the clinical risk factors
may serve as a robust predictive marker for identifying patients
who would benefit from postoperative chemoradiotherapy.

A previous study identified a gene expression signature which
could predict survival benefit from adjuvant chemotherapy for
non-small cell lung cancer (11). In the study, colleagues focused
on a prognostic gene signature which could group patients into
high/low-risk subgroups, and the individuals at high-risk group
were more likely to benefit from chemotherapy (11). Using the
same approach, we developed a gene-expression profile which
could predict poor prognosis for patients who received mono
radiotherapy (Fig. 6A and B, left column). The patients who
received concurrent chemoradiotherapy were also classified by
this gene-expression profile. For the low-risk subgroup, patients
who received concurrent chemoradiotherapy had even worse
outcome than those who received radiotherapy alone (Fig. 6B,
middle column). However, the high-risk group could not serve

as a predictor for benefit of chemoradiotherapy (Fig. 6B, right
column). On contrary, our method focused on the interaction
effect between genes and therapeutic groups on the patient
outcome. The 22-gene signature identified by our approach
could distinguished patients who would benefit from concurrent
chemoradiotherapy (Figs. 3 and 4, right column). Collectively,
the signature identified in the present study may be more likely
to reflect the drug sensitivity/resistance traits of cancer cells.
Furthermore, there are also some disadvantages of our method.
For instance, the 22-gene signature was developed in a single
HNSCC cohort, and another independent cohort is warranted to
validate the signature in future work.

The high-score subgroup predicted poor prognosis of HNSCC
when adjusted by the postoperative treatments (Table IV).
The genes identified by the 22-gene signature may have some
important biological insights in cancer cells. Some of the genes
upregulated in the high-score subtype have been reported to serve
as cancer-promoting genes. Phosphodiesterase 4D (PDE4D)
is a subtype of metallohydrolases, and was characterized as a
tumor-promoting factor in several types of cancers (14). Previous
studies reported that high expression of PDE4D promotes cell
proliferation and cancer growth in prostate cancer (15-17). A
recent study found that PDE4D was over-expressed in naso-
pharyngeal carcinoma (NPC) tissues and cells. Knockdown of
PDE4D resulted in cell cycle arrest and growth inhibition in NPC
cells, which indicated that PDE4D saves as a promoting factor
in NPC (18). However, the potential role of PDE4D in non-NPC
HNSCC have been unknown. Our results showed that upregula-
tion of PDE4D was correlated with poor prognosis in HNSCC
patients. The mechanisms underlying the potential role of PDE4D
on HNSCC progression are with great interest in the next study.

The low-score subgroup identified by the 22-gene signa-
ture was correlated to unfavorable outcome after receiving
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Figure 4. Predictive value of 22-gene signature in patients at clinical high-risk. The entire cohort of high-risk patients (the left column), low-score subgroup
(the middle column) and high-score subgroup (the right column) stratified by 22-gene signature are analyzed respectively. The upper, middle and the bottom
panels show OS, RFS and LRC, respectively. Kaplan-Meier curves show the outcome of patients with different postoperative treatments. The P-value of each
pair of Kaplan-Meier curves is calculated by log-rank test. (A) OS analysis for all patients at clinical high-risk. (B) OS analysis for patients with low-score by
22-gene signature. (C) OS analysis for patients with high-score by 22-gene signature. (D) RFS analysis for all patients at clinical high-risk. (E) RFS analysis for
patients with low-score by 22-gene signature. (F) RFS analysis for patients with high-score by 22-gene signature. (G) LRC analysis for all patients at clinical
high-risk. (H) LRC analysis for patients with low-score by 22-gene signature. (I) LRC analysis for patients with high-score by 22-gene signature. OS, overall
survival; RFS, relapse free survival; LRC, local regional control; Radi., radiotherapy; Radi.Chemo., concurrent chemoradiotherapy.

chemoradiotherapy, suggesting some possible chemo-resis-  head and neck cancer cells (22-24). We found that two stemness
tance mechanisms existing in this subtype. Indeed, we  expression signatures were enriched in the low-score pheno-
found that two gene sets involved in drug resistance were type. The genes upregulated in basal-like breast cancer (25),
significantly enriched in the low-score phenotype. Hypoxia is ~ which showed stem-like features (26), were associated with
commonly observed in many solid tumors including HNSCC, the low-score subgroup of HNSCC. In our 22-gene signature,
and is linked to chemo-resistance (19,20). Our results revealed ~ HOXD9 was upregulated in the low-score subtype. A previous
that the low-score subtype was significantly enriched by a  study found that HOXD9 was upregulated in a side population
hypoxia-induced gene set in HNSCC (21). The cancer stem  with cancer stem-like cells of glioma (27). However, the role of
cell-like phenotype was associated with chemo-resistance in ~ HOXD9 in HNSCC is poorly understood and further studies
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Figure 5. Predictive value of 22-gene signature in patients at clinical low-risk. The entire cohort of low-risk patients (the left column), low-score subgroup (the
middle column) and high-score subgroup (the right column) stratified by 22-gene signature are analyzed respectively. The upper, middle and the bottom panels
show OS, RFS and LRC, respectively. Kaplan-Meier curves show the outcome of patients with different postoperative treatments. The P-value of each pair of
Kaplan-Meier curves is calculated by log-rank test. (A) OS analysis for all patients at clinical low-risk. (B) OS analysis for patients with low-score by 22-gene
signature. (C) OS analysis for patients with high-score by 22-gene signature. (D) RFS analysis for all patients at clinical low-risk. (E) RFS analysis for patients
with low-score by 22-gene signature. (F) RFS analysis for patients with high-score by 22-gene signature. (G) LRC analysis for all patients at clinical low-risk.
(H) LRC analysis for patients with low-score by 22-gene signature. (I) LRC analysis for patients with high-score by 22-gene signature. OS, overall survival,
RFS, relapse free survival; LRC, local regional control; Radi., radiotherapy; Radi.Chemo., concurrent chemoradiotherapy.

are warranted. Taken together, the chemo-resistance trait of the
low-score subtype was supported by its significant association
with biological features of hypoxia, basal phenotype as well as
stemness.

In summary, this retrospective study established a 22-gene
signature which has the potential to predict outcome benefit of
postoperative concurrent chemoradiotherapy in HNSCC. The
hypoxia- or stem-like gene expression properties of HNSCC
may contribute to chemo-resistance. The 22-gene signature
as a predictor for patient selection may be helpful in the

personalized medicine field of HNSCC. A large prospective
cohort is proposed to validate this gene signature.
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Figure 6. Identification of a prognostic signature for HNSCC patients. (A) Gene-expression profile for the patients who received mono radiotherapy. Genes were
pre-selected by univariate Cox regression based on OS (P<0.005, n=66). Patients/samples are grouped into low-risk and high-risk sub-groups by unsupervised
hierarchical clustering. Relative gene-expression levels are showed by heat map, with red for high expression and blue for low expression. The patients who
received concurrent chemoradiotherapy were also classified as low-risk or high-risk sub-groups by the centroids of those who received mono radiotherapy.
(B) Kaplan-Meier analysis of HNSCC patients in different groups. The left column indicates the survival difference of patients in low/high-risk groups in A.
The middle and right column indicate survival benefit from concurrent chemoradiotherapy in the low-risk and high-risk subgroups respectively. The upper,
middle and the bottom panels show OS, RFS and LRC, respectively. The P-value of each pair of Kaplan-Meier curves is calculated by log-rank test. HNSCC,
head and neck squamous cell carcinoma; OS, overall survival; RFS, relapse free survival; LRC, local regional control; Radi., radiotherapy; Radi.Chemo.,

concurrent chemoradiotherapy.
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