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Objective: We examined whether the single-nucleotide polymorphism (SNP) rs13181 in the
gene encoding excision repair cross complementation group 2 (ERCC2) is associated with
the risk and prognosis of nasopharyngeal carcinoma (NPC).

Methods: SNPs at rs13181 were genotyped in 439 NPC patients (NPC group) and 431 age-
and gender-matched cancer-free controls (control group) from a region of China where NPC
is endemic, and frequencies of GG, GT and TT genotypes were compared between the two
groups in the case—control study. In a subset of 365 NPC cases, SNPs were examined for
potential correlation with tumor-free survival time (TFS) and overall survival (OS).
Results: Relative to NPC risk with a TT genotype, NPC risk was similar with GT + GG
genotypes (OR 1.052, 95% CI 0.656—1.688), after adjusting for gender, age, smoking history,
and immunoglobin A against Epstein-Barr virus capsid antigen (EBV-VCA-IgA) status.
Univariate analysis showed that the GG or GT genotype was associated with significantly
worse TFS (p<0.001) and OS (p=0.010) than the TT genotype. Prognosis was significantly
worse for men than for women (TFS, p=0.045; OS, p=0.031), for T3-T4 classification than
for TI-T2 (TFS, p=0.009; OS, p=0.007), for N3 than for NO+N1+N2 (TFS, p<0.001; OS,
p<0.001). Based on multivariate analysis, independent risk factors for poor TFS were GG or
GT genotype (HR 2.629, 95% CI 1.625-4.254, p<0.001), T3-T4 classification (HR 2.146,
95% CI 1.244-3.701, p=0.006) and N3 (HR 2.527, 95% CI 1.574-4.059, p<0.001). GG or
GT genotype (HR 2.217, 95% CI 1.283-3.832, p=0.004), gender (HR 1.989, 95% CI
1.046-3.785, p=0.036), T3-T4 (HR 2.431, 95% CI 1.306-4.526, p=0.005) and N3 (HR
2.693, 95% CI 1.637—4.432, p<0.001) were independent risk factors for poor OS.
Conclusion: The rs13181 SNP in ERCC2 does not appear to be associated with NPC risk,
but it may serve as an independent prognostic factor for NPC recurrence and death.
Keywords: single nucleotide polymorphism, rs13181, nasopharyngeal carcinoma, excision

repair cross complementation group 2, tumor-free survival, overall survival

Introduction

Nasopharyngeal carcinoma (NPC) is one of the most common malignant tumors of
the head and neck in southern China. In this endemic area, the annual incidence of
NPC is as high as 25-50 cases per 10,000 people.' NPC shows a high degree of
malignancy and early lymph node metastasis,” resulting in poor prognosis.’
Although the clinical outcome of NPC has greatly improved due to the rapid
development of modern medical imaging, chemotherapy and radiotherapy
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technology,”* distant metastasis and/or local recurrence
still occur in 20-30% of patients, especially those with
advanced disease.” This highlights the importance of find-
ing out what causes this malignancy and what factors can
predict the risk of recurrence and death.

The detailed mechanisms and risk factors of NPC are
not completely understood. Increasing evidence suggests
that NPC susceptibility is increased when DNA repair
Indeed, NPC
a population in Sichuan, China, showed a trend to be
linked to
(SNPs) that lead to amino acid changes such as

pathways are impaired.®’ risk in

several single nucleotide polymorphisms
Lys751Gln (rs13181) in the gene encoding excision repair
cross complementation group 2 (ERCC2), which is a key
player in the nucleotide excision repair (NER) pathway.®
Significant associations between NPC susceptibility and
rs13181 SNP were
population.’

also found in a Malaysian
We are unaware of reports addressing
whether this correlation holds in disease-endemic areas
of China.

The rs13181 SNP was also investigated regarding its
association with the clinical outcome of several malignant
tumors. For example, genotype at rs13181 may affect the
prognosis of cutaneous melanoma: patients with the GG
genotype are at a 2.2-fold higher risk of death than those
with the TT genotype.'® In pancreatic cancer, patients with
GG genotype at rs13181 are at higher risk of death and
progression, compared with those carrying TT or GT
genotype.'' In gastric and colorectal cancer, GG and GT
genotypes at rs13181 were found to be correlated with
poorer progression-free survival and overall survival
(OS) than TT genotype.'> These studies indicate
a possible role of SNP at rs13181 in prognosis, and it
could be used as a reliable factor to evaluate the death
and progression risk of cancers. However, we are aware of
only two studies that examined whether rs13181 may
predict the prognosis of NPC patients.'*'* In one study
in Malaysia,'”* no significant relationship was found
between rs13181 and NPC prognosis. In another study in
Guangdong, China, there was also no significant associa-
tion between rs13181 and clinical outcome of metastatic or
recurrent NPC patients.'* The information regarding the
role of this variant in NPC prognosis is limited, and
whether this variant affects the prognosis of the patients,
especially for those without recurrence and distant meta-
static disease, needs further inspections.

In the present study, we analyzed the possible associa-
tions of genotype at rs13181 with NPC risk, OS and

tumor-free survival (TFS) in a population from Guangxi,
China, which is an endemic area of NPC. Our aim in this
study was to obtain clearer evidence for or against rs13181
SNP for predicting NPC susceptibility and long-term prog-
nosis of NPC patients.

Methods

Study Participants

Participants in Analysis of NPC Risk

Unrelated patients who were diagnosed with NPC at the
Cancer Hospital of Guangxi Medical University (Guangxi,
China) in the period from July 2012 to June 2015 were
eligible for enrollment, and their clinical data were retro-
spectively reviewed in the study. These eligible patients
also met the following inclusion criteria: (1) were newly
diagnosed by pathology; (2) were above 18 years of age;
and (3) were with no history of other primary malignant
tumors. Controls were chosen among subjects undergoing
routine physical examinations at the Cancer Hospital and
the First Affiliated Hospital of Guangxi Medical
University. To be enrolled as a control, subjects had to
be local residents of Guangxi province with no history of
any malignant tumors who were receiving a health exam-
ination during the same period of enrollment as the NPC
cases. A total of 440 NPC patients and 431 age- and
gender-matched cancer-free controls were enrolled. One
NPC case was later excluded from the study because the
SNP at rs13181 could not be genotyped, leaving a final
number of 439 NPC patients. The Ethics Committee of
Guangxi Medical University approved this study, and all
study participants provided written informed consent prior
to enrollment. This study was conducted in accordance
with the Declaration of Helsinki.

Patients in Analysis of Prognosis

For this analysis, a subset of NPC patients was chosen
from the patients (439 cases) included in NPC risk analy-
sis according to the following criteria: (1) completed
radiotherapy or radiochemotherapy after NPC diagnosis,
(2) lacked any signs of distant metastasis at initial diag-
nosis, (3) showed no other severe chronic diseases, and (4)
were followed up for more than 6 months. In accordance
with the criteria, 74 NPC patients were excluded from this
study including 49 cases with signs of distant metastasis,
18 cases who did not receive a complete course of treat-
ment, 6 cases who were followed up for less than 6
months, and 1 case with severe chronic disease. In the
end, 365 eligible patients were included in the analysis.
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Blood Collection

Peripheral venous blood (3 mL) was collected into
Ethylene Diamine Tetraacetic Acid (EDTA)-containing
tubes from all participants. Using the TGuide Blood
Genomic DNA Kit (Tiangen, Beijing, China), genomic
DNA was
instructions. DNA quality was assessed by agarose
Extracted DNA was
at —20°C for future investigation or processed for gen-

isolated following the manufacturer’s

gel electrophoresis. stored

otyping immediately.

Mass Spectrometry-Based Genotyping
The rs13181 SNP in the ERCC2 gene was genotyped by
BGI (Beijing, China) as described'” using allele-specific,
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry. Primers designed using MassARRAY
Assay Design 3.1 software (Sequenom, San Diego, CA,
USA) were used to amplify fragments spanning the
rs13181SNP in a 384-well ABI Veriti PCR System
(Applied Biosystems, Foster City, CA, USA) in accor-
dance with the manufacturer’s instructions. Amplification
reactions (5 pL) consisted of 1 uL. DNA (20 ng/uL) and 4
pL Master Mix, and reaction conditions were as follows:
94°C for 5 min, then 45 cycles of 94°C for 20 sec and
56°C for 30 sec, followed by 72°C for 1 min. Genotypes at
rs13181 were analyzed using MassARRAY TYPER 4.0
software (Sequenom). Rates of successful genotyping
were 99.8% (439/440) among the NPC patients and
100% (431/431) in controls.

Patient Treatment

The 365 patients chosen for prognostic analysis underwent
intensity-modulated radiation therapy (358, 98.1%) or con-
ventional radiotherapy. Most (347, 95.1%) including 26
with stage II and 321 with stage III+IV also received
combination chemotherapy consisting of concurrent plati-
num-based chemotherapy and platinum- or platinum plus
taxane (docetaxel)-based induction chemotherapy. The
remaining 18 patients including 10 with stage II and 8
with stage III+IV did not receive chemotherapy.

Follow-Up

After treatment, follow-up was carried out every 3-6
months for three years and then every 3—12 months there-
after. The results of follow-up were obtained by telephone

interview or from medical records.

Variables and Definitions

The following variables were considered: age, gender,
history of drinking alcohol and smoking, rs13181 SNP
genotype, presence of immunoglobulin A against Epstein-
Barr virus capsid antigen (EBV-VCA-IgA), use of any
chemotherapy, NPC clinical stage (I through IV), tumor
(T) classification, lymph node (N) classification, and TNM
stage based on the American joint Committee on Cancer
(AJCC) (2010) clinical staging system. The TNM stage
was determined based on nasopharyngeal and neck mag-
netic resonance imaging, as well as pathology results from
nasopharyngoscopy. OS was defined as the time from the
first visit to our hospital until the patient’s death or, if the
patient was still alive, until the patient’s last visit. TFS was
defined as the time from the first visit to our hospital until
death, first relapse, metastasis, or last visit (if the patient
was still alive).'®

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 (IBM,
Chicago, IL, USA) and GraphPad Prism 7 software
(GraphPad Software, Inc., La Jolla, USA). An unpaired
t-test was used to compare the ages of patients and con-
trols. Genotype distribution of SNPs at rs13181 was com-
pared against the expected distribution as determined from
Hardy—Weinberg equilibrium using a chi-squared test.
Comparisons of SNP genotype distributions among var-
ious groups were also performed using chi-squared tests.
Logistic regression was used to assess associations
between rs13181 genotypes and NPC risk with adjustment
for age, gender, smoking history and EBV-VCA-IgA
status.

In the prognostic study, differences of TFS and OS
between patients with TT and those with GG+GT were
assessed using the Kaplan-Meier method (log-rank test).
And univariate Cox regression analyses were carried out to
assess the effects of the following categorical variables on
OS and TFS: gender (male or female), age (>46 or <46
yr), history of smoking (yes or no), history of drinking
(yes or no), EBV-VCA-IgA (positive or negative), che-
motherapy (yes or no), rs13181 genotype (TT or GT+GQG),
T classification (T1-T2 or T3-T4), N classification (NO
+NI1+N2 or N3), and clinical stage (stage I-II or III-IV).
Any variables showing a correlation of P<0.05 in the
univariate analyses were included in subsequent Cox mul-
tivariate analysis of OS and TFS. Hazard ratios (HRs) and
95% confidence intervals (95% Cls) were calculated as
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appropriate. A two-sided P value of <0.05 was considered
statistically significant.

Results

Patient Characteristics

Altogether, 439 NPC patients and 431 cancer-free controls
were involved in the present study. The two groups sig-
nificantly differed in smoking history and EBV-VCA-IgA
status, while they were similar in age and gender propor-
tion (Table 1). Frequencies of SNP genotypes among the
controls were in agreement with Hardy—Weinberg equili-
brium (Table 2).

A total of 365 NPC patients were chosen for prognostic
analysis, including 270 males (74.0%) and 95 females
(26.0%). Patients were divided into two age groups
based on the median age of 46 years: 184 (50.4%) patients
were <46 years, while 181 (49.6%) were >46 years.
Similarly, patients were divided into two groups based on
rs13181 genotype: 309 (84.7%) patients had the TT

genotype, and 56 (15.3%) had the GT or GG genotype
(Table 3). More of these patients were classified as T3—-T4
(257, 70.4%) than as T1-T2 (108, 29.6%), and more were
classified as NO+N1+N2 (297, 81.4%) than as N3 (68,
18.6%). The difference was even greater between patients
in clinical stages III-1V (329, 90.1%) than in stages I-II
(36, 9.9%). Follow-up lasted a median of 52 months
(range, 7 to 81) and ended on March 1, 2019. By the end
of follow-up, 85 (23.3%) patients had experienced local
recurrence or distant metastasis, and 72 (19.7%) had died.

Correlation of rs13181 SNP with NPC
Risk

The frequency of GG + GT genotypes at rs13181 was not
significantly different between NPC patients (15.9%) and
controls (16.2%). The risk of NPC for these genotypes
relative to the TT genotype was OR of 0.978 (95% CI
0.681-1.405) without adjustment and OR of 1.052 (95%
CI 0.656—1.688) with adjustment (Table 2).

Table | Clinical Characteristics of Patients with Nasopharyngeal Carcinoma and Cancer-Free Controls

Characteristics Cases Controls At P

n 439 431

Age, yr 46.78+11.43 47.29+13.50 0.597 0.550%

Gender, n 0.153 0.696°
Male 334 323
Female 105 108

EBV-VCA-IgA status, n 372.604 <0.001°
Positive 283 Il
Negative 156 420

Smoking history, n 4.397 0.036°
Yes 150 119
No 289 312

Notes: *Unpaired, two-tailed Student’s t-test. "Chi-squared test. Age is presented as averagezstandard deviation.
Abbreviation: EBV-VCA-IgA, immunoglobin A against Epstein—Barr virus capsid antigen.

Table 2 Frequencies of Genotypes at ERCC2 rs13181 in Patients with Nasopharyngeal Carcinoma and Controls

Genotype Cases Controls Unadjusted OR (95% CI) P Adjusted OR® (95% CI) Adjusted P Pawe”
T 369 361 1.000 - 1.000 - 0.998
GT 67 67 0.964 (0.668—-1.392) 0.845 1.008 (0.621-1.635) 0.976 -
GG 3 3 - - - - -
GG+GT 70 70 0.978 (0.681-1.405) 0.905 1.052 (0.656—1.688) 0.832 -

Notes: *Calculated using multiple logistic regression analysis after controlling for age, gender, smoking history, and EBV infection factors; °P value of Hardy-Weinberg

equilibrium for frequencies of SNP genotypes among the controls.

Abbreviations: 95% Cl, 95% confidence interval; HWE, Hardy—Weinberg equilibrium; OR, odds ratio.
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Table 3 Characteristics of the 365 Patients for Prognostic Study
Characteristics No. (%) Genotype (n) P 100;
TT | GT+GG ©
2 n=309
Age (y) 5
<46 184 (50.4) | 156 28 0.947 g
>46 181 (49.6) | 153 28 o -
50 n=56
Gender 3
Male 270 (74.0) | 228 ) 0.849 g
Female 95 (26.0) | 8I 14 ~
Tumor classification P=0.0003 -TT
Tie2 108 (29.6) | 88 20 0.275 R - GG+GT
T344 257 (70.4) | 221 36 0" 20 40 60 80 100
Lymph node classification Number at risk Time (months)

No+1+2 297 (81.4) | 250 47 0.593 TT 309 283 251 139 3 0
N; 68 (18.6) | 39 9 GG+GT 56 49 37 17 0 0
TNM stage (AJCC) Figure | Tumor-free survival of nasopharyngeal carcinoma patients with a TT

1+ 1 36 (9.9) 28 8 0.228 genotype or GG+GT genotypes at rs|3181 in the ERCC2 gene. Survival differed
o+ v 329 (90.1) 281 48 significantly between the two groups (P=0.0003).
Smoking history 0.953-2.277, p=0.081), or drinking history (HR 0.986,
Yes 112 (30.7) 98 14 0316 0 . _
No 253 (693) | 211 0 95% CI 0.580-1.676, p=0.958), or chemotherapy (HR
1.348, 95% CI 0.426-4.271, p=0.612), or EBV-VCA-IgA
Drinking history status (HR 1.422, 95% CI 0.893-2.266, p=0.138).
ves 74203 | & 0022 After univariate analysis, multivariate analysis was
No 291 (79.7) | 240 51 . M
carried out to further assess the relationship between TFS
Chemotherapy and these various factors (Table 4). TFS remained signifi-
:TS 3‘:; 2359';) 2|954 533 0746 cantly associated with genotype (HR 2.629, 95% CI
o .
1.625-4.254, p<0.001), T classification (HR 2.146, 95%
EBV-VCA-IgA CI 1.244-3.701, p=0.006) and N classification (HR 2.527,
Negative 126 (343) | 106 )20 0838 | 950, (O 1.574-4.059, p<0.001), but not with gender (HR
Positive 239 (65.5) | 203 36

Abbreviations: AJCC, American Joint Committee on Cancer; EBV-VCA-IgA,
immunoglobulin A against Epstein—Barr virus capsid antigen.

Correlation of rs13181 SNP and

Clinicodemographic Factors with TFS

TFS was significantly lower among patients with the GG or
GT genotype at rs13181 than among those with the TT
genotype (Figure 1). TFS was significantly worse for men
than women (HR 1.799, 95% CI 1.014-3.191, p=0.045), for
patients with T3—T#4 classification than for those with T1-T2
classification (HR 2.062, 95% CI 1.197-3.551, p=0.009), for
those with N3 classification than for those with NO+N1+N2
(HR 2.315, 95% CI 1.446-3.708, p<0.001). TFS did not
correlate significantly with clinical stage (HR 3.158, 95%
CI 0.998-9.997, p=0.051), age (HR 1.006, 95% CI 0.640—
1.579, p=0.981), smoking history (HR 1.474, 95% CI

1.713, 95% CI 0.963-3.045, p=0.067).

Correlation of rs13181 SNP and

Clinicodemographic Factors with OS
OS was significantly lower among patients with the GT or
GG genotype at rs13181 than among those patients with the

Table 4 Cox Multivariate Model to Analyze Prognostic Factors
for Tumor-Free Survival in 368 NPC Patients

Prognostic Factor P HR 95% CI for HR
Genotype of rs13181 <0.001 2.629 1.625—4.254
Gender 0.067 1.713 0.963-3.045
T classification 0.006 2.146 1.244-3.701
N classification <0.001 2.527 1.574-4.059

Abbreviations: HR, hazard ratio; NPC, nasopharyngeal carcinoma; 95% ClI, 95%
confidence interval.
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(7]
T 50
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P=0.010 -TT
0 -~ GG+GT

0 20 40 60 80

Number at risk Time (months)
TT 309 286 254 139 3 0
GG+GT 56 49 36 17 0 0

100

Figure 2 Overall survival of nasopharyngeal carcinoma patients with a TT genotype
or GG+GT genotypes at rs|1318I in the ERCC2 gene. Survival differed significantly
between the two groups (P=0.010).

TT genotype (Figure 2). OS was significantly worse for men
than for women (HR 2.027, 95% CI 1.067-3.853, p=0.031),
for patients with T3—T4 classification than for those with T1—
T2 classification (HR 2.333, 95% CI 1.255-4.338, p=0.007),
for patients with N3 classification than for those with NO+1
+2 (HR 2.487, 95% CI 1.514-4.085, p<0.001). OS did not
correlate significantly with clinical stage (HR 2.703, 95% CI
0.850-8.594, p=0.092), or EB-VCA-IgA status (HR 1.636,
95% CI 0.969-2.765, p=0.066), or age (HR 1.155, 95% CI
0.714-1.869, p=0.556), or drinking history (HR 1.050, 95%
CI10.594-1.854, p=0.867), or chemotherapy (HR 1.141, 95%
CI 0.359-3.631, p=0.823) or smoking history (HR 1.556,
95% CI 0.969-2.499, p=0.068).

Multivariate analysis (Table 5) showed that OS remained
significantly correlated with genotype (HR 2.217, 95% CI
1.283-3.832, p=0.004), gender (HR 1.989, 95% CI

Table 5 Cox Multivariate Model to Analyze Prognostic Factors
for Overall Survival in 368 NPC Patients

Prognostic Factor P HR 95% CI for HR
Genotype of rs13181 0.004 2217 1.283-3.832
Gender 0.036 1.989 1.046-3.785
N classification <0.001 2.693 1.637-4.432
T classification 0.005 2431 1.306—4.526

Abbreviations: EBV-VCA-IgA, immunoglobulin A against Epstein-Barr virus capsid
antigen; HR, hazard ratio; NPC, nasopharyngeal carcinoma; 95% Cl, 95% confidence
interval.

1.046-3.785, p=0.036), T classification (HR 2.431, 95% CI
1.306—4.526, p=0.005) and N classification (HR 2.693, 95%
CI 1.637-4.432, p<0.001).

Discussion

Genomic DNA damage and the consequent genomic
instability are some of the early carcinogenic events and
risk factors for the occurrence of malignant tumors. NER
is an intrinsic defense mechanism to remove various helix-
distorting DNA lesions, such as large chemical adducts,
pyrimidine dimers, and DNA crosslinks, in order to repair
genomic instability.' ERCC2, an indispensable compo-
nent in the NER pathway, is responsible for detecting
genomic lesions and maintaining the accuracy of repair,
and it contains ATPase and helicase functions that mediate
DNA unwinding around lesion sites. At the rs13181 SNP,
a nucleotide change from T to G at codon 751 of ERCC2,
which replaces a lysine with a glutamine and affects its
function of DNA repair,'” is associated with increased
genome stability, potentially decreasing the risk of various
cancers.'® 2 Nevertheless, the rs13181 SNP may be also
associated with increased DNA-repair function of ERCC2
in cancer cells, leading to their poor response to therapy,
and thus resulting in a poorer prognosis.'"'”-"’

Data linking rs13181 to NPC are very limited. A study
in a population from Sichuan province of China showed
a non-significant tendency for TT genotype to confer
increased NPC risk,® while a Malaysian study’ found this
association to be significant, even after adjusting for cigar-
ette smoking, alcohol drinking and salted fish consumption.
In contrast, the results in our investigation showed no sig-
nificant difference in TT genotype frequency between NPC
cases and controls, who were from Guangxi province,
a region in southern China where NPC is endemic. These
results suggest that SNPs at rs13181 may not be linked to
NPC susceptibility, which is inconsistent with the previous
studies.®” These conflicting results may be attributed to
geographical and ethnic factors and reflect different roles
of rs13181 SNP in the carcinogenesis process of NPC
among populations with different genetic backgrounds.

The relationship between the rs13181 SNP and NPC
prognosis is also controversial. We found this SNP to be
significantly associated with both TFS and OS of Chinese
NPC patients, in contrast to a Malaysian study'® and
a study in Guangdong, China'® that found no such asso-
ciation. In our study, compared to patients with a TT
genotype, the risk of recurrence or death was, respectively,
2.629-fold and 2.217-fold higher in those with a GG or GT
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genotype. The disparity between our results and those of
the prior studies could be explained by the studied popula-
tions with different genetic background or patients with
heterogeneity of disease progression. In the Malaysian
study, nearly 30% of the patients belonged to ethnicity of
Malay,"?* whose genetic background may be different from
that of Chinese patients in our study. We speculate that
rs13181 SNP may play a different role in therapeutic
sensitivity of NPC among different ethnic populations. In
the Guangdong study,'* the involved patients were with
recurrent or metastatic NPC, unlike those with newly
diagnosed and non-metastatic disease in our study.
Among recurrent or metastatic patients, the objective
response rate

to cisplatin-based chemotherapy was

2l suggesting

reported to decrease by a previous study,
resistance of recurrent or metastatic disease to cisplatin.
We propose that rs13181 SNP, which affects the function
of ERCC2 to repair DNA damages induced by cisplatin,
may play little role in cisplatin response of recurrent or
metastatic NPC, and thus may not be associated with its
outcome. Our data, which was based on newly diagnosed
Chinese patients without distant metastasis, suggested that
SNP at rs13181 may be a reliable marker to independently
predict NPC prognosis, especially for those with non-
relapsed or non-metastatic disease.

How SNPs at rs13181 influence NPC prognosis is
unclear, though they are likely to exert an influence by
affecting DNA repair, which in turn would affect the repair
of double-

radiotherapy,

and
2223

single-stranded breaks caused by
as well as the repair of platinum-DNA-
adducts induced by platinum-based chemotherapy, such as
the first-line NPC drug cisplatin.”*® Indeed, radiotherapy
and platinum-based chemotherapy are the main therapies
to treat NPC. Our results are consistent with the idea that
rs13181 SNP alters the activity of the ERCC2 protein and
thereby efficacy of radiotherapy and platinum-based che-
motherapy, as suggested in previous studies.'*?” In addi-
tion, nearly a third of our patients (100/368) also received
platinum plus taxane-based chemotherapy, our results
further suggest that the SNPs could also alter the sensitiv-
ity of cancer cells to taxanes, consistent with previous
studies.”* *® We hypothesize that NPC patients with GT
or GG genotypes at rs13181 have a greater ability to repair
DNA damage in NPC cells induced by radiotherapy or
platinum- or platinum plus taxane-based chemotherapy
than patients with the TT genotype, leading to poorer
response of tumor cells to treatments, and thus signifi-
cantly shortening TFS and OS. This hypothesis needs to

be further validated. If it is confirmed, rs13181 SNP could
be used as a reliable indicator identifying those NPC
patients who are sensitive or resistant to radiotherapy or
platinum-based chemotherapy, so that the doses of radia-
tion or platinum drugs could be optimized to achieve
maximal tumor control and minimal side effects. Another
possibility of how SNPs at rs13181 affect NPC prognosis
is that rs13181 lies within the last exon, SNPs may affect
poly(A) adenylation of the transcript.”>" In this way, SNPs
at rs13181 may regulate transcription and translation of
ERCC2, ultimately altering DNA repair ability.” A third
possibility is that rs13181 SNPs affect other ERCC2 SNPs
with which it is in linkage disequilibrium,'® such as
rs238406 and rs1799793. These two SNPs have been

32734 guch as eso-

linked to outcomes of several cancers,
phageal cancer and gastric cancer. The same may be true
for genetic interactions between rs13181 in ERCC2 and
SNPs in other genes, such as the excision repair cross
complementing 1 (ERCC1) gene in NER.*

Some limitations in our study should be mentioned.
A relatively small sample was included in our single-
center study, which may cause selection bias. Studies
from multiple institutions involving larger cohorts should
be undertaken. Although we focused on only one SNP, it
shows linkage disequilibrium with other SNPs in ERCC2
that modulate treatment sensitivity and with genes
involved in DNA damage repair. Future investigations
should explore ERCC2 and other genes for other SNPs
possibly associated with NPC prognosis. No related func-
tional assays were carried out in the present study.
Detailed mechanistic studies are needed to explain the
relationship between rs13181 SNP and NPC prognosis.

Despite these limitations, our study is the first to pro-
vide evidence suggesting that rs13181 variants in ERCC2
may be a reliable marker predicting NPC prognosis, even
if the genotype at this locus does not appear to be asso-
ciated with risk of NPC. Functional studies should assess
the effects of these nucleotide variations on ERCC2
expression and activity.
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