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polymorphisms and the efficacy of concurrent radiochemotherapy
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Abstract. The aim of the present study was to investigate the
association between single-nucleotide polymorphisms (SNPs)
in X-ray repair cross-complementing 1-399 (XRCC1-399)
or excision repair cross-complementation group 1-118
(ERCCI1-118) and the short-term efficacy of radiochemo-
therapy, tumor metastasis and relapse, as well as the survival
time in patients with esophageal squamous cell carcinoma
(ESCC). TagMan probe-based quantitative polymerase chain
reaction (QPCR) was conducted to examine the levels of
XRCC1-399 and ERCCI1-118 SNPs in the peripheral blood of
50 patients with pathologically confirmed ESCC. In addition,
the associations between different genotypes and short-term
therapeutic efficacy [the complete remission (CR) rate], tumor
metastasis and relapse, as well as the survival time following
concurrent radiochemotherapy, were determined. A total of 50
ESCC patients who received concurrent radiochemotherapy
were enrolled. It was found that the short-term therapeutic
efficacy (CR rate) was higher in the group of patients carrying
the homozygous mutation of XRCC1-399 (A/A genotype) than
in the group of patients without the XRCC1-399 mutation (G/G
genotype). In addition, the CR rate was significantly increased
in patients carrying one or two ERCCI-118 C alleles (C/C or
C/T genotype) compared with patients lacking the C allele
(T/T genotype). The differences were statistically significant
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(A/A vs. G/G, P=0.014; TT vs. C/T+C/C, P=0.040). During
the follow-up period, the group of patients carrying the homo-
zygous mutation of XRCC1-399 (A/A genotype) exhibited a
markedly reduced risk of metastasis and relapse compared
with the group of patients carrying non-mutated XRCC1-399
(G/G genotype; P=0.031). By contrast, ERCC1-118 SNP was
not associated with the risk of metastasis and recurrence
(P>0.05). The combined results of univariate and multivariate
Cox regression analysis showed that the SNP in ERCC1-118
was closely associated with survival time. The mean survival
time was significantly prolonged in patients carrying 1 or
2 C alleles (C/C or C/T genotype) compared with patients
lacking the C allele (T/T genotype) [T/T vs. C/C, HR=12.96,
95% confidence interval (CI)=3.08-54.61, P<0.001; TT vs.
C/T+C/C, HR=11.71, 95% CI=3.06-44.83, P<0.001]. However,
XRCCI1-399SNP had no effect on survival time (P>0.05).
XRCCI-399 SNP was associated with the short-term thera-
peutic efficacy (the CR rate) and tumor metastasis/relapse in
ESCC patients who received the docetaxel plus cisplatin (TP)
regimen-based concurrent radiochemotherapy. By contrast,
ERCCI1-118 SNP was significantly associated with the
short-term therapeutic efficacy (the CR rate) and survival time
in ESCC patients who received TP regimen-based concurrent
radiochemotherapy.

Introduction

In China, esophageal cancer is one of the most common
gastrointestinal tract malignancies, and esophageal squa-
mous cell carcinoma (ESCC) accounts for >90% of all
esophageal cancer cases (1,2). As patients with esophageal
cancer are often clinically diagnosed at advanced stages,
surgery may not always be an option (3). At present, concur-
rent radiochemotherapy is the standard therapeutic regimen
recommended internationally for patients who have inoperable
esophageal cancer or choose not to undergo surgery (4). With
the development of chemotherapy drugs and improvement in
radiation therapy, radiochemotherapy continues to advance in
the treatment of esophageal cancer (5-9). However, it has been
found in clinical practice that concurrent radiochemotherapy
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causes serious toxicity and side effects in numerous patients.
In addition, clinical practice has found that the efficacy of
radiochemotherapy differs among patients with the same path-
ological types of esophageal cancer and at the same clinical
stage. Therefore, achieving appropriate patient stratification,
screening for biomarkers capable of predicting the efficacy
of radiochemotherapy and prognosis, distinguishing between
chemoradiotherapy-sensitive and chemoradiotherapy-insensi-
tive esophageal cancer patients, avoiding under-treatment or
overtreatment, and reducing adverse reactions are currently
urgent issues that require resolution in clinical practice.

Platinum-based chemotherapy regimens are the most
common chemotherapy regimens used during concur-
rent radiochemotherapy for the treatment of esophageal
cancer (10-12). The mechanism by which platinum-based
drugs kill tumor cells involves the formation of platinum-DNA
complexes through binding of the drugs to cellular DNA (13).
As a result, DNA interstrand or intrastrand cross-links are
formed, and the structure and function of DNA are destroyed,
eventually leading to cell death (13). Radiation therapy kills
cells by directly or indirectly damaging cellular DNA and
inducing DNA single-strand breaks (SSB) or double-strand
breaks (DSB), thereby generating cytotoxicity (14,15). The
repair of chemotherapy and radiotherapy-induced DNA
damage is accomplished by the DNA repair system (16). DNA
repair-associated genes play a crucial role in the process of
repairing damaged DNA (17,18). Inheritedor acquired defects
in DNA repair genes may induce corresponding changes in
the capacity of the cells to repair DNA damage and eventually
affect the sensitivity of tumor cells to chemotherapy and radia-
tion therapy (16).

A single-nucleotide polymorphism (SNP) refers to a genetic
polymorphism generated by single-nucleotide substitution,
insertion or deletion. SNPs are the most common polymor-
phisms that exist in the human genome. A single-base mutation
in the gene sequence may alter the amino acids encoded by
the gene or alter the splicing of transcribed mRNA, thus addi-
tionally affecting the function of the expressed protein. SNPs
in DNA repair-associated genes may alter the amino acids
encoded by the genes and subsequently change the activities
of the corresponding DNA repair enzymes and affect DNA
repair capability. Therefore, in the present study, the novel idea
concerning whether the sensitivity of tumor cells to radioche-
motherapy can be predicted through the examination of SNPs
in DNA repair genes was tested.

In previous years, significant progress has been made in
the study of DNA repair pathways. To date, four major DNA
repair pathways have been identified: Base excision repair
(BER); nucleotide excision repair (NER); double-strand break
repair (DSBR); and mismatch repair (MMR) (17,18). In total
>130 genes are involved in DNA repair. Among the genes,
45 have been found to exhibit SNPs. Human X-ray repair
cross-complementing 1 (XRCC1) is the first mammalian DNA
repair gene isolated that affects cell sensitivity to ionizing
radiation. XRCCl participates in BER and single-strand break
repair (SSBR) to eliminate the DNA damage induced by
chemical mutagens and ionizing radiation (19,20). The repair
cross-complementation group 1 (ERCC1) is a key rate-limiting
gene in the human NER pathway and plays a critical role in
excision repair. In addition, ERCC1 is involved in the repair of
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DNA double-strand cross-links and breaks (21-23). Currently,
several studies have shown that SNPs at multiple loci of
XRCCI and ERCCI1 genes are closely correlated with the
susceptibility of various tumors and clinical efficacy (24-29).
However, the majority of the studies were focused on the asso-
ciation between XRCC1 and ERCCI1 SNPs and the sensitivity
of various tumors to platinum-based chemotherapy (26-29).
Studies focusing on radiation therapy are rare. Based on the
aforementioned theoretical foundations, the present study
mainly explored the association between XRCC1-399 and
ERCC1-118 SNPs and the outcomes of concurrent radioche-
motherapy in the treatment of ESCC, including the short-term
efficacy, cancer metastasis, relapse and survival time. The
purpose of the present study was to identify the genotype
that was sensitive to radiochemotherapy. Thus, the individual
differences in the sensitivity to radiochemotherapy can be
predicted prior to treatment, and the clinical efficacy and
prognosis of the patients can be successfully evaluated. Even-
tually, individualized therapeutic regimens may be developed
to improve the cure rates and reduce the adverse side effects.

Materials and methods

Study population. The specimens examined in the present
study were 50 ESCC patients first treated between April 2011
and March 2014 at the Department of Radiation Oncology,
Changzhou Tumor Hospital Affiliated to Soochow University
(Changzhou, Jiangsu, China). All patients enrolled in the present
study met the following inclusion criteria: The age of the patients
was not >70 years; the patients had no serious internal diseases;
the Karnofsky scores were =70; the patients had no lung, liver,
bone or other metastases; and the patients were first-treated
patients with diagnoses of stage II-III esophageal cancer that
had been confirmed by pathological examination, esophageal
imaging and computed tomography (CT) scan. The clinical
stages of esophageal cancer were classified in accordance with
the internationally accepted tumor node-metastasis staging
system (7th edition) (30). The detailed clinical characteristics of
the 50 patients are summarized in Table I.

Treatment methods. All patients were subjected to inten-
sity-modulated radiation therapy (IMRT). Based on the
location of the lesions, patients were immobilized using either
a head-neck-and-shoulder mask system or a body mold. The
patients underwent enhanced 64-slice spiral CT scans (5-mm
slice thickness). Based on the lesion location indicated by
CT, gastroscopy and double-oblique esophageal imaging, the
target areas were outlined as follows: Gross tumor volume
(GTV); clinical target volume (CTV); and planning target
volume (PTV). GTV referred to the primary esophageal
lesions, while clinical target volume of lymph nodes (GTVnd)
referred to the enlarged metastatic lymph nodes. The CTV
included GTV, GTVnd and the lymphatic drainage area. To
obtain CTV, 3.0 cm was added to the top and bottom margins
of GTV, while 0.8-1.0 cm were added to the left, right, front
and rear margins. In addition, 1.0 cm was added around
the margins of GTVnd, and the lymphatic drainage areas
corresponding to a high rate of lymph-node metastasis were
outlined. To obtain the PTV, the three dimensions of CTV
were extended by 0.8 cm. Subsequent to the extension proper
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modifications were made at the regions of anatomical barriers
and the adjacent organs at risk (OARs). In addition, OARs
including the heart, lungs and spinal cord were outlined. The
treatment plans were evaluated and optimized based on the
dose to the target regions, conformal degree, and dose volume
histograms (DVH). IMRT was conducted using a linear
accelerator at 6-MV X-ray energy. The prescribed dose to the
PTV was 2.0 Gy/treatment. IMRT was performed five times
per week for a total of 28-33 times. The absorbed dose DT
was 56-66 Gy. The prescribed dose covered 95% of the PTV.
The doses administered to the OARs were as follows: Lung,
mean dose <18 Gy, V20<30% (both lungs); heart, mean dose
<30, V30<46%, V40<40%; and spinal cord, maximum dose
<45 Gy. Two cycles of the TP regimen were adopted as the
concurrent chemotherapy. The patients were administered
docetaxel (35 mg/m?) and cisplatin (DDP, 25-30 mg/m?) on
days 1, 8 and 15. The patients were then allowed to rest for one
week prior to the start of the second cycle of chemotherapy.

DNA extraction and genotyping analysis. In total, 2 ml of
venous blood was extracted from each patient prior to therapy
and mixed with anticoagulants. Subsequently, genomic DNA
was isolated from whole blood. Genotyping of XRCC1-399 and
ERCCI-118 was assessed using TagMan probe-based quantita-
tive polymerase chain reaction (QPCR). The XRCC1-399 and
ERCCI-118 genotyping kits were designed and synthesized by
Applied Biosystems (Thermo Fisher Scientific, Inc., Waltham,
MA, USA). The PCR primers to amplify the DNA were as
follows: ERCCI-118 forward, 5'-GTGCGAGGAGGCAGG
AGGTGTGGG-3' and reverse, 5'-GAGCTCACCTGAGGA
ACAGG-3"; XRCC1-399 forward, 5-CCCCAAGTACAGCCA
GGTCC-3" and reverse, 5'-CCGCTCCTCTCAGTAGTCTG-3".
GAPDH was used as the reference gene: Forward, 5'-GCACCG
TCAAGGCTGAGAAC-3' and reverse, 5'-GGATCTCGCTCC
TGGAAGATG-3, the primers were designed by GenePharma
Co. Ltd. (Shanghai, China). gPCR was performed using a Strat-
agene Mx3000P (Agilent Technologies, Inc., Santa Clara CA,
USA) as follows: The total volume of the reaction system was
20 pl, which contained 1X TagMan PCR Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.), 0.1 ul template
DNA, 300 nM primers, 100 nM wild-type probe and 100 nM
mutant probe. For the control, 0.1 #1 ddH,O was added instead
of the template DNA to exclude the systemic error. The ampli-
fication conditions were as follows: 50°C for 2 min, 95°C for
15 min, 1 cycle and 95°C for 15 sec, 60°C for 1 min, 45 cycles.
The genotypes were identified using MxPro-Mx3000P v4.00
analysis software (Agilent Technologies, Inc.). The data were
analyzed using the 2224 method as described previously (31).
The sequence chromatograms were analyzed by Chromas
software (Technelysium Pty Ltd., South Brisbane, Australia)
to search for SNPs at the target locus of each gene. All DNA
samples were subjected to direct sequencing simultaneously.
Subsequent to completion of the PCR reaction, the amplified
fragments were identified by electrophoresis on 2% agarose
gels and the PCR products were sequenced by the Shanghai
Sangon Biotech Corp (Shanghai, China). The samples were
determined from triplicate PCR and only the medical cases
that produced consistent results in in the two types of assays
were subjected to subsequent clinical significance analysis.
The reproducibility of the two assays reaches 100%.
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Efficacy appraisal

Evaluation of the short-term therapeutic efficacy. At
1-3 months subsequent to completion of radiochemotherapy,
barium X-rays of the esophagus were taken, and CT of the
chest and upper abdomen was assessed to evaluate the
short-term efficacy of radiochemotherapy. As several studies
have repeatedly shown that achievement of complete remis-
sion (CR) following radiochemotherapy is an important factor
affecting the long-term prognosis of patients with esophageal
cancer (32,33), the present study employed CR to evaluate
the short-term efficacy. The criteria employed to evaluate
short-term efficacy were from Version 1.1 of the Response
Evaluation Criteria In Solid Tumors (RECIST) (34).

Evaluation of relapse and metastasis. The patients were
checked regularly (every 2-3 months) during the first year
subsequent to the treatment and once every 6 months following
a year. Esophageal X-ray, systemic CT and enhanced CT
(ECT) of the bones were conducted during the check-ups.

Evaluation of the long-term therapeutic efficacy. The 1-year,
2-year and 3-year survival rates, as well as the mean survival
time of the patients, were determined.

Patient follow-up. The follow-up time referred to the time
from the beginning of treatment until mortality or the last
follow-up. The follow-up period ended on September 31, 2014.
The follow-up rate was 100%.

Statistical analysis. The different clinical characteristics of the
50 esophageal cancer patients, XRCC1-399 and ERCC1-118
SNPs, and the occurrence of CR, metastasis or relapse subse-
quent to radiochemotherapy were compared between the groups
using y* test, Fisher's exact probability test or a logistic regression
model. Survival analysis was assessed using the Kaplan-Meier
method, and the log-rank test was conducted to test for
significance. P<0.05 was considered to indicate a statistically
significant difference. The association between various clinical
features, XRCC1-399/ERCCI1-118 SNP and survival time was
calculated using univariate and multivariate Cox proportional
hazards models. The efficacy is expressed as hazard ratios
(HRs). The significance level was set to 5%. Two-sided P-values
were utilized. The 95% confidence interval (CI) was computed.
Statistical analysis was assessed using STATA 13.0 software
(StataCorp LP, College Station, TX, USA).

Results

Genotype distribution of XRCCI1-399 and ERCCI-118. The
SNPs at codon 399 of XRCC1 and codon 118 of ERCC1 were
analyzed in the 50 ESCC patients. The results showed that 26%
(13/50) of the patients carried wild-type XRCC1-399 (G/G
genotype), 44% (22/50) carried the heterozygous mutation
of XRCC1-399 (G/A genotype), and 30% (15/50) carried the
homozygous mutation of XRCC1-399 (A/A genotype). In addi-
tion, 48% (24/50) of the patients carried wild-type ERCCI1-118
(C/C genotype), 32% (16/50) carried the heterozygous muta-
tion of ERCC1-118 (C/T genotype), and 20% (10/50) carried
the homozygous mutation of ERCCI1-118 (T/T genotype).
The genotypes of XRCCI-399 and ERCC1-118 complied with
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Table II. Association between different genotypes of X-ray repair cross-complementing 1-399 and short-term efficacy of radio-

chemotherapy (CR rate).

Short-term efficacy
Genotype Sample size, n CR,n (%) No CR, n (%) OR (95% CI) P-value
G/G 13 5 (38.46) 8 (61.54) Ref.
G/A 22 12 (54.55) 10 (45.45) 1.92 (0.47-7.77) 0.360
A/A 15 13 (86.67) 2 (13.33) 10.4 (1.62-66.90) 0.014
G/A+A/A 37 25 (67.57) 12 (32.43) 3.33 (0.90-12.38) 0.072

Comparison between the groups was assessed using logistic regression analysis. CR, complete remission; CI, confidence interval; Ref.,

reference.

Table III. Association between different genotypes of excision repair cross-complementing group 1-118 and the short-term

efficacy of radiochemotherapy (CR rate).

Short-term efficacy

Genotype Sample size, n CR,n (%) No CR,n (%) OR (95% CI) P-value
Cc/C 24 17 (56.67) 7 (35.00) Ref.

C/T 16 10 (33.33) 6 (30.00) 0.69 (0.18-2.62) 0.582
T/T 10 3 (10.00) 7 (35.00) 0.18 (0.04-0.89) 0.035
C/C 24 17 (56.67) 7 (35.00) Ref.

C/T+T/T 26 13 (43.33) 13 (65.00) 041 (0.13-1.32) 0.137
T/T 10 3 (10.00) 7 (35.00) Ref.

C/C+C/T 40 27 (90.00) 13 (65.00) 4.85(1.08-21.84) 0.040

Comparison between the groups was conducted using logistic regression analysis. CR, complete remission; CI, confidence interval; Ref.,

reference; OR, odds ratio.

Hardy-Weinberg equilibrium (the genotypes of XRCCI-399,
P=0.704; the genotypes of ERCC1-118, P=0.097).

Association between different XRCC1-399 and ERCCI-118
genotypes and the short-term efficacy of radiochemo-
therapy (CR rate). The distribution of the three genotypes
of XRCC1-399 (G/G, G/A and A/A) in the 50 ESCC patients
and short-term efficacy of radiochemotherapy (which was
represented by the CR rate) were compared, and the results
are shown in Table II. The CR rate showed an upward trend
in the mutated XRCC1-399 group (G/A+A/A genotypes)
compared with the non-mutated XRCC1-399 group (the
G/G genotype). However, the difference was not statistically
significant (P=0.072). Additional analysis revealed that
there was a statistically significant difference in the CR rate
between the group of patients carrying the homozygous muta-
tion in XRCC1-399 (the A/A genotype) and patients carrying
the non-mutated XRCC1-399 (P=0.014). These results indi-
cated that the patients with the XRCC1-399 A/A genotype
were more sensitive to concurrent radiochemotherapy. The
distribution of the three genotypes of ERCCI-118 (C/C, C/T
and T/T) in the 50 ESCC patients and short-term efficacy
of the radiochemotherapy (the CR rate) were compared, and
the results are shown in Table III. Compared with patients

lacking the C allele (the T/T genotype), patients carrying one
or two C alleles (C/C or C/T genotypes) showed increased
sensitivity to concurrent radiochemotherapy. The differences
in the CR rates were statistically significant (P=0.040).

Association between different XRCCI1-399 and ERCCI-118
genotypes and ESCC metastasis/relapse. The distribution
of the three genotypes of XRCCI1-399 (G/G, G/A and A/A)
among the 50 ESCC patients and occurrence of metastasis
or relapse in the patients during the follow-up period was
examined, and the results are summarized in Table IV.
Compared with the non-mutated XRCC1-399 group (G/G
genotype), the difference in the distribution of the mutated
XRCCI1-399 group (G/A+A/A genotype) between the metas-
tasis/relapse-positive and metastasis/relapse-negative groups
was not statistically significant (P=0.104). However, addi-
tional analysis revealed that the risk of metastasis or relapse
was markedly reduced in patients carrying the homozygous
mutation of XRCC1-399 (A/A genotype). The difference
was statistically significant (P=0.031). The distribution
of the three genotypes of ERCC1-118 (C/C, C/T and T/T)
and occurrence of metastasis or relapse in the 50 ESCC
patients were compared, and the results are summarized in
Table V. No statistically significant differences were detected
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Table I'V. Association between different genotypes of X-ray repair cross-complementing 1-399 and the occurrence of metastasis

or relapse.

Metastasis or relapse
Genotype Sample size, n Positive, n (%) Negative, n (%) OR (95% CI) P-value
G/G 13 8 (61.54) 5 (38.46) Ref.
G/A 22 10 (45.45) 12 (54.55) 0.51 (0.13-2.11) 0.360
A/A 15 3 (20.00) 12 (80.00) 0.16 (0.03-0.85) 0.031
G/A+A/A 37 13 (35.14) 24 (64.86) 0.34 (0.09-1.25) 0.104

Comparison between the groups was conducted using logistic regression analysis. CI, confidence interval; Ref., reference; OR, odds ratio.

Table V. Association between different genotypes of excision repair cross-complementing group 1-118 and the occurrence of

metastasis or relapse.

Metastasis or relapse

Genotype Sample size Positive (%) Negative (%) OR (95% CI) P-value
C/C 24 9 (42.86) 15 (51.72) Ref.

C/T 16 8 (38.10) 8 (27.59) 1.67 (0.46-6.01) 0.435
T/T 10 4(19.05) 6 (20.69) 1.11 (0.25-5.04) 0.891
C/C 24 9 (42.86) 15 (51.72) Ref.

C/T+T/T 26 12 (57.14) 14 (48.28) 1.43 (0.46-4.42) 0.536
T/T 10 4(19.05) 6 (20.69) Ref.

C/C+C/T 40 17 (80.95) 23 (79.31) 1.11 (0.27-4.55) 0.886

Comparison between the groups was conducted using logistic regression analysis. CI, confidence interval.

regarding the risk of metastasis or relapse between patients
carrying one or two C alleles (C/C or C/T genotypes) and
patients lacking the C allele (the T/T genotype; P>0.05).

Association between different genotypes of XRCCI1-399
or ERCCI-118 and the survival time of ESCC patients
treated with radiochemotherapy. The association between
XRCC1-399 SNP genotypes and survival time was examined
in the 50 ESCC patients, and the survival curves are shown
in Figs. 1 and 2. Compared with the non-mutated group
(G/G genotype), the survival time of patients carrying the
heterozygous XRCC1-399 mutation (G/A genotype) and
the homozygous mutation of XRCC1-399 (A/A genotype)
was extended. However, the difference was not statistically
significant (P=0.283). The mutated XRCC1-399 group
(G/A+A/A genotypes) included patients with either G/A or
A/A genotype. Compared with the non-mutated group (G/G
genotype), the median survival time was prolonged. However,
the difference was not statistically significant (P=0.208). The
association between different genotypes of ERCC1-118 and
survival time was examined in the 50 ESCC patients, and
the survival curves are shown in Figs. 3 and 4. Compared
with patients lacking the C allele (T/T genotype), the mean
survival time was prolonged in patients carrying one or two
C alleles (C/C or C/T genotype). The difference was statisti-
cally significant (P<0.001).

Association between various clinical features and survival
time in ESCC patients treated with concurrent radiochemo-
therapy. A univariate Cox proportional hazards model was
utilized to analyze the association between the survival time
and several factors, including gender, age, length of the tumor,
tumor location, clinical stage, radiation dose, and XRCC1-399
and ERCC1-118 gene polymorphism in ESCC patients treated
with radiochemotherapy (Table VI). A multivariate Cox
proportional hazards model was employed to analyze the
survival time of the patients and hazard ratios (Table VII).
Subsequent to combining with univariate analysis and
adjusting for confounders such as gender, tumor length and
radiation dose, multivariate Cox regression analysis showed
there was no statistically significant association between
XRCC1-399 gene polymorphisms and survival time (P>0.05).
By contrast, ERCC1-118 gene polymorphisms were closely
associated to survival time. Compared with patients lacking
the C allele (T/T genotype), patients carrying one or two C
alleles, consisting of the C/C (HR=12.96,95% CI (3.08-54.61),
P<0.001) or C/T (HR=11.71, 95% CI (3.06-44.83), P<0.001)
genotype, experienced significantly prolonged survival.

Discussion

At present, the internationally recommended standard thera-
peutic regimen for esophageal cancer patients who cannot
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Table VI. Analysis of various clinical features, XRCC1-399 and ERCC1-118 SNPs and survival time using univariate Cox
proportional hazards model.

Factor Coefficient Standard error Statistic value HR (95% CI) P-value
Gender -0.47 0.47 1.00 0.62 (0.25-1.58) 0318
Age 0.09 0.46 0.04 1.09 (0.45-2.68) 0.846
Tumor length 0.25 0.48 0.27 1.29 (0.50-3.28) 0.600
Tumor location
Upper thoracic vs. cervical -0.24 0.87 0.08 0.79 (0.14-4.31) 0.784
Mid thoracic vs. cervical 0.21 0.76 0.07 1.23 (0.27-5.49) 0.788
Lower thoracic vs. cervical 0.47 1.00 0.22 1.60 (0.22-11.40) 0.640
Test for trend in tumor location 0.23 0.30 0.58 1.26 (0.70-2.27) 0.448
Clinical stage -0.06 0.49 0.01 0.94 (0.36-2.45) 0.904
Radiation dose -0.87 0.46 3.61 042 (0.17-1.03) 0.058
XRCC1-399
G/A vs. G/G -0.35 0.51 0.48 0.70 (0.26-1.90) 0.487
A/A vs. G/G -0.97 0.63 2.36 0.38 (0.11-1.31) 0.125
G/A+A/A vs. G/IG -0.59 0.48 1.51 0.56 (0.22-1.42) 0.219
A/A vs. G/A vs. G/IG -0.47 0.30 2.42 0.62 (0.34-1.13) 0.120
ERCCI1-118
C/T vs.C/C 041 0.59 0.48 1.50 (0.47-4.74) 0.490
T/T vs. C/C 2.01 0.54 14.04 7.46 (2.61-21.35) <0.001
C/T+T/T vs. C/C 1.06 0.47 5.00 2.88 (1.14-7.29) 0.025
TT vs. C/T+C/C 1.86 0.47 5.29 6.40 (2.52-16.22) <0.001
TT vs. C/T vs. C/C 1.01 0.29 12.03 2.75 (1.55-4.88) <0.001

XRCC1, X-ray repair cross-complementing 1; ERCCI1, excision repair cross-complementing group 1; CI, confidence interval.

Table VII. Analysis of patient survival time and hazard ratios using the multivariate Cox proportional hazards model.

Factor Coefficient Standard error Statistic value HR (95% CI) P-value
XRCC1-399
G/A vs. G/G -0.32 0.55 0.35 0.72 (0.25-2.12) 0.557
A/Avs. G/G -0.32 0.73 0.19 0.73 (0.17-3.02) 0.659
G/A+A/A vs. G/IG -0.32 0.53 0.37 0.73 (0.26-2.03) 0.541
A/A vs. G/A vs. G/G -0.18 0.37 0.25 0.83 (0.41-1.70) 0.614
ERCCI1-118
C/Tvs.C/C 0.24 0.60 0.16 1.27 (0.39-4.12) 0.685
T/T vs. C/C 2.56 0.73 12.19 12.96 (3.08-54.61) <0.001
C/T+T/T vs. C/C 0.86 0.49 3.10 2.37 (0.91-6.18) 0.078
TT vs. C/T+C/C 2.46 0.69 12.90 11.71 (3.06-44.83) <0.001
TT vs. C/T vs. C/C 1.12 0.37 9.32 3.08 (1.50-6.34) 0.002

The multivariate Cox proportional hazards model was adjusted for multiple confounders such as gender, tumor length and radiation dose.
XRCC1, X-ray repair cross-complementing; CI, confidence interval.

or choose not to have surgery is concurrent radiochemo-  clinical features of the patients. Individualized therapy may
therapy (4). Effective prediction of the individual differences  enhance cure rates and reduce adverse effects (35).

in the sensitivity to radiochemotherapy prior to the treatment It has been repeatedly proven that the achievement of CR
is of significant clinical value as it allows for the development  following radiochemotherapy is one of the important factors
of individualized therapeutic regimens based on different for the long-term prognosis of patients with esophageal
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Figure 1. Comparison of the survival time of the XRCC1-399 genotypes (G/G,
G/A or A/A). XRCCl1, X-ray repair cross-complementing 1. Compared with
the non-mutated group (G/G genotype), the survival time of patients carrying
the heterozygous XRCC1-399 mutation (G/A genotype) and the homozygous
mutation of XRCC1-399 (A/A genotype) was extended. However, the differ-
ence was not statistically significant (P=0.283).
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Figure 2. Comparison of the survival time of XRCC1-399 genotypes (G/G
or G/A+A/A). XRCC1, X-ray repair cross-complementing 1. The mutated
XRCCI1-399 group (G/A+A/A genotypes) included patients with either G/A
or A/A genotype. Compared with the non-mutated group (G/G genotype),
the median survival time was prolonged. However, the difference was not
statistically significant (P=0.208).

cancer (32,33). Yoon and Forastiere (36) reported that the
overall survival (OS) rate of esophageal cancer is strongly
correlated with whether or not CR is achieved subsequent to
radiochemotherapy. Therefore, the current study chose the CR
rate of esophageal cancer following radiochemotherapy as an
endpoint in the examination of the short-term efficacy of the
radiochemotherapy.

The XRCC1 gene is involved in several DNA repair
processes, including BER and SSBR (20). Cornetta et al (37)
irradiated the peripheral blood cells collected from 50
healthy individuals with X-rays. Subsequent to 2 Gy of irra-
diation, the blood cells were analyzed immediately via comet
assay, and XRCCl1 genotypes were examined simultaneously.
The results showed that the comet tail was significantly
longer in cells carrying the homozygous glutamine (Gln)
allele (XRCCI1 codon 399 GIn/Gln) than heterozygous
arginine (Arg)/Gln and wild-type Arg/Arg cells. Similar
results were obtained following 30 and 60 min. These results
demonstrated that cells with the GIn/Gln genotype exhibit
increased radiosensitivity compared with cells with other
genotypes. Therefore, the study conducted by Cornetta et al
indicates that the sensitivity to radiotherapy is associated
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Figure 3. Comparison of the survival time of ERCC1-118 genotypes (C/C,C/T
or T/T). ERCCI1, excision repair cross-complementing group 1. Compared
with patients lacking the C allele (T/T genotype), the mean survival time was
prolonged in patients carrying one or two C alleles (C/C or C/T genotype).
The difference was statistically significant (P<0.001).
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Figure 4. Comparison of the survival time of ERCCI1-118 genotypes (T/T or
C/C+C/T). ERCCl, excision repair cross-complementing group 1. Compared
with patients lacking the C allele (T/T genotype), the mean survival time was
prolonged in the total of patients carrying one or two C alleles (C/C+C/T
genotype). The difference was statistically significant (P<0.001).

with XRCCl1 gene polymorphism. Wu et al (38) examined
XRCCI1 Arg399GIn SNPs in 210 esophageal cancer patients
treated with preoperative adjuvant radiochemotherapy. This
study found that the risk of mortality subsequent to radioche-
motherapy was significantly increased in patients with mutant
genotypes of XRCC1 Arg399GIn (G/A+A/A) compared with
patients with the non-mutant genotype (G/G). The median
survival times of patients with the G/A and A/A genotypes
were 22.9 months and 13.7 months, respectively, while the
median survival time of patients with the G/G genotype was
extended to 57.4 months. The differences were statistically
significant (P<0.05). The present study also showed that the
rate of histopathological CR following radiochemotherapy
was markedly reduced in patients with the G/A and A/A
genotypes compared with patients with the G/G genotype.
Yoon et al (39) conducted a retrospective cohort study to
analyze the association between mutations in certain DNA
repair pathway genes and the rate of histopathological remis-
sion in patients with esophageal adenocarcinoma subsequent
to radiochemotherapy. This study showed that, among
the 60 esophageal adenocarcinoma specimens examined,
only 6% (2/31) of the specimens with XRCC1 Arg399GIn
gene mutations (Arg/Arg or Arg/Gln genotype) exhibited
histopathological CR. By contrast, histopathological CR
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was achieved in 28% (8/29) of the specimens without gene
mutation (GIn/Gln genotype). These results suggested that
the Arg/Arg or Arg/Gln genotype may be negatively associ-
ated with the efficacy of radiochemotherapy. However, the
association was not statistically significant (P=0.062).

The present study found that the mutant allele of XRCC1
Arg399GIn was present in 52% of ESCC patients. The
short-term efficacy of radiochemotherapy (CR rate) was
significantly higher in patients carrying the homozygous
XRCCI1 mutation (the A/A genotype) than in patients in
the non-mutated group (G/G genotype) (P=0.014). The risk
of relapse or metastasis was reduced in patients carrying
the homozygous XRCC1 mutation, and the difference was
also statistically significant (P=0.031). Compared with the
non-mutated group (G/G genotype), patients in the homozy-
gous mutation group (A/A genotype) experienced a prolonged
survival. However, the difference was not statistically signifi-
cant (P>0.05). There are evident inconsistencies between the
present findings and the results obtained by Wu et al (38)
and Yoon et al (39). The study conducted by Wu et al was
a retrospective study. The cases examined in the study of
Wu et al spanned a long period of time (1985-2003). Certain
patients received induction chemotherapy prior to concurrent
radiochemotherapy. The cases studied included squamous
cell carcinoma and adenocarcinoma. In addition, surgery was
included when calculating the median survival time. All cases
collected in the study by Yoon er al were adenocarcinomas.
The population examined was predominantly Caucasian
individuals. Patients with M1a stage cancer were included in
the study. Cancers located at the gastroesophageal junction
were also included in the study. In terms of chemotherapeutic
drug selection, one group of patients received irinotecan
plus cisplatin, while the other group received paclitaxel plus
cisplatin. The present study has the innovativeness compared
with the aforementioned studies by Wu et al and Yoon et al in
the following aspects. Firstly, it contains recent data, with the
cases collected spanning between April 2011 and March 2014.
Secondly, all cases studied were squamous cell carcinoma;
the lesions were located within the cervical and thoracic parts
of the esophagus; and all of the cancers were in stage II and
II1. Thirdly, the individuals studied were exclusively Han
Chinese who were born in areas south of the Yangtze River,
China. Fourthly, all patients were uniformly treated with
IMRT in combination with the docetaxel/cisplatin chemo-
therapeutic regimen. Finally, the specimens examined in the
current study were peripheral blood readily collected from
the patients. Genotyping was conducted using the TagMan
probe-based qPCR assay. Compared with conventional
reverse transcription PCR-DNA restriction fragment length
polymorphism (RT-RFLP) analysis, the TagMan probe-based
gPCR assay is more objective, efficient and accurate, and less
time consuming.

The ERCCI1 binds to its ligand xeroderma pigmentosum
complementation group F (XPF), forming the ERCC1/XPF
heterodimer. The ERCC1/XPF heterodimer has 5' DNA
endonuclease activity, which excises the damaged DNA
strand 15-24 nucleotides away from the lesion. In addition,
the ERCC1/XPF heterodimer recognizes DNA damage and
removes the 5' end. Therefore, ERCC1/XPF heterodimer plays
a rate-limiting or regulatory role in nucleotide excision repair

ONCOLOGY LETTERS 13: 704-714, 2017

(NER) (40,41). Risom et al (42) irradiated mouse lung cells
with X-rays and examined the expression levels of ERCCI. It
was found that the ERCC1 level was increased ~2.5-fold in
mouse lung cells subsequent to 6 h of irradiation compared
with the ERCC1 level prior to irradiation, indicating that the
ERCCI gene is an important gene required for the repair of
DNA damage following X-ray irradiation. Several studies
have shown that ERCCI1-118 gene polymorphism affects
cell sensitivity to platinum-based chemotherapy (43-45). A
C-to-T mutation at codon 118 of ERCCI results in decreased
sensitivity to platinum-class drugs in patients. Compared with
patients with the T/T genotype, patients with a C/C or C/T
genotype are more sensitive to platinum-class drugs and have
a prolonged median survival time. However, studies focusing
on the effect of ERCCI1 on the efficacy of radiation therapy
are rather rare. Warnecke-Eberz er al (46) investigated the
feasibility of using ERCC1 gene polymorphisms to predict
the efficacy of preoperative neoadjuvant chemotherapy for
the treatment of esophageal cancer. The study found that
the ERCCI1 CI118T genotype is associated with the efficacy
of radiochemotherapy in patients with esophageal cancer.
Compared with patients with the T/T genotype, patients with
the C/T genotype exhibited significantly increased histo-
pathological responses (CR) subsequent to radiochemotherapy,
most likely as the T/T genotype leads to reduced expression
of ERCC1 mRNA and protein. The present study also veri-
fied the aforementioned finding. It found that, compared with
patients lacking the ERCC1-118 C allele (T/T genotype),
patients carrying one or two C alleles, consisting of the C/C
(HR, 12.96; 95% ClI, 3.08-54.61; P<0.001) or C/T (HR, 11.71;
95% CI, 3.06-44.83; P<0.001) genotype, were more sensitive
to synchronous radiochemotherapy (P=0.040) and showed a
significantly prolonged mean survival time.

The present study focused on ESCC, as ESCC accounts
for >90% of all esophageal cancer cases in China (1,2).
Compared with adenocarcinoma, ESCC exhibits notable
differences in disease epidemiology and potential disease
biology (47). Considerable efforts have been made towards
developing biomarkers capable of predicting the prognosis
of ESCC (48-50). However, the induction of DNA damage by
radiation therapy or chemotherapy involves multiple genes and
multiple steps (13-15). Therefore, the present study speculates
that it is difficult to use one or two SNPs or biomarkers to
predict therapeutic efficacy. Instead, a combination of multiple
markers may be required in clinical practice.

In summary, the present study showed that XRCC1-399
SNP was associated with short-term therapeutic efficacy (CR
rate) and tumor metastasis/relapse in ESCC patients who
received TP regimen-based concurrent radiochemotherapy.
By contrast, ERCCI1-118 SNP was associated with short-term
therapeutic efficacy (CR rate) and survival time in ESCC
patients who received TP regimen-based concurrent radioche-
motherapy. However, the sample size in the present study was
rather small. To additionally define the association between
XRCCI/ERCCI1 SNPs and the efficacy of radiochemotherapy,
tumor metastasis/relapse and survival time in ESCC patients,
and to eventually develop individualized therapeutic regimens
based on factors including the patients' ethnicity, genetic back-
ground and clinical characteristics, a multicenter prospective
study with a large sample size is required.
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XRCCI-399 SNP was associated with the short-term thera-

peutic efficacy (the CR rate) and tumor metastasis/relapse in
ESCC patients who received the TP (docetaxel plus cisplatin)
regimen-based concurrent radiochemotherapy. By contrast,
ERCCI1-118 SNP was significantly associated with the
short-term therapeutic efficacy (the CR rate) and survival time
in ESCC patients who received the TP regimen-based concur-
rent radiochemotherapy.
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