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esophageal cancer based on the ERCC1 C8092A genotype

YI-WEI YAO, YI-FU HE, XING-HUA HAN, CHU-SHU JI and BING HU

Department of Medical Oncology, Anhui Provincial Hospital Affiliated to Anhui Medical University,
Hefei, Anhui 230001, P.R. China

Received June 29, 2016; Accepted April 10, 2018

DOI: 10.3892/01.2018.8894

Abstract. The present study aimed to explore the role
and clinical value of the detection of Excision repair
cross-complementing 1(ERCC1) C8092A polymorphisms in
individualized therapy of patients with advanced esophageal
cancer. A total of 127 patients with advanced esophageal
cancer were enrolled between January 2010 and January
2014 in Anhui Provincial Hospital. Patients were randomly
assigned in a 1:2 ratio to a standard treatment group or
an individualized treatment group, respectively, prior to
ERCCI1 C8092A assessment. Patients in the standard treat-
ment group were treated with paclitaxel and cisplatin. The
DNA was obtained from the peripheral blood of individual-
ized treatment patients, amplified by PCR and sequenced to
determine the ERCC1 C8092A polymorphism prior to the
administration of chemotherapies. Patients with the ERCC1
C8092A genotype of A/A or A/C received paclitaxel and
cisplatin, and those with the genotype of C/C received pacli-
taxel and fluorouracil. The primary endpoint was response
rate (RR). The secondary endpoints included toxicity of
chemotherapy, progression-free survival (PFS) and overall
survival (OS) times. Differences between the groups were
evaluated by y? test. Differences in survival were analyzed
by Kaplan-Meier survival curves. The survival rate was
analyzed by log-rank test. Follow-up data was obtained
until December 2015. The RR was obtained for 15 patients
(34.8%) in the standard treatment group and 45 patients
(53.6%) in the individualized treatment group (%*=3.095;
P=0.046). For adverse events, nausea and vomiting and
anemia were significantly decreased in the individualized
treatment group compared with the standard treatment group
(P=0.001 and P=0.004, respectively). The median progres-
sion free survival time was 4.4 months [95% confidence
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interval (CI)3.8-5.0 months] in the standard treatment
group and 6.6 months (95% CI, 5.8-7.4 months) in the indi-
vidualized treatment group (P=0.018). The median overall
survival time was 11.4 months (95% CI, 10.1-12.7 months)
in the standard treatment group and 14.2 months (95% CI,
13.2-15.2 months) in the individualized treatment group
(P=0.008). The RR, toxicity of chemotherapy, PFS and OS
were significantly improved in the individualized treat-
ment group compared with the standard treatment group.
Detection of ERCC1 gene polymorphisms maybe performed
for patients with advanced esophageal cancer to improve
individualized therapy, which requires additional study.

Introduction

Esophageal cancer is a type of malignant tumor originating
from the esophageal mucus epithelia or glands. It is also one
of the most commonly-identified malignant GI tract tumor
types in China (1). There are two main factors that cause
esophageal cancer. The first is lifestyle factors including
high-temperature beverages, heavy alcohol drinking and
tobacco smoking. The second is genetic predisposition in a
population (2). The incidence rate of esophageal squamous
cell carcinoma (ESCC) in China is significantly increased
compared with that in the USA (3). As the disease presenta-
tion of early-stage ESCC varies extensively, the majority of
patients exhibit mid-to advanced-stage disease when clinically
diagnosed. The majority of patients are treated predominantly
by a combination of chemo- and radiotherapy instead of
surgery (4). Chemotherapeutic drugs that are recommended
by the National Comprehensive Cancer Network in the United
States of America include cisplatin, paclitaxel, irinotecan,
docetaxel, fluorouracil and epirubicin (5). Cisplatin is the
primary choice among these for advanced esophageal cancer
in China, due to its high single-drug efficiency and relatively
cheap price (6). However, the single-drug efficiency of cispl-
atin in esophageal cancer treatment remains~20%, and the
efficiency of cisplatin-based chemotherapy is not >50% (7).
These data indicates that a certain group of patients may not
benefit from the chemotherapy using cisplatin, but also suffer
from the adverse effects of the treatment and the associated
financial burden (8).

Individuals react differently to the same drug, which is
hypothesized to result from distinctions with in individual
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genomes. Gene polymorphisms are the primary factor that
causes this variance between individuals (9). The C8092A
polymorphism of the Excision repair cross-complementation
group 1 (ERCCI1) gene have three genotypes, wild-type
ERCC1-8092 (C/C genotype), the heterozygous mutation of
ERCC1-8092 (C/A genotype) and the homozygous mutation
of ERCC1-8092 (A/A genotype). It has been demonstrated
that the C8092A polymorphism of the ERCC1 gene is signifi-
cantly associated with the outcome of platinum treatment
in nasopharyngeal and lung cancer, pleural mesothelioma,
breast cancer and ovarian cancer (10-14). Bradbury et al (15)
investigated 150 patients with esophageal cancer treated with
chemoradiation therapy using platinum, and identified that
the patients possessing an ERCC1-8092 A/A genotype or
A/C genotype exhibited improved disease-free survival and
overall survival (OS) compared with the patients with the C/C
genotype (P=0.04 and P=0.03, respectively). Our previous
study also indicated that among patients with advanced
esophageal cancer treated by cisplatin and fluorouracil, the
A/A or A/C patient groups demonstrated improved response
rates (RR) and progression-free survival (PFS) compared with
the C/C group (8). These results indicate that A/A and A/C
patients are likely to be more sensitive to platinum compared
with patients with the C/C polymorphism (16). However,
whether differentiation of treatments for esophageal cancer
based on the ERCC1 C8092A genotype may increase the effi-
ciency of chemotherapy and prolong the survival of patients
in China remains unknown. Therefore, in order to verify this
hypothesis, and to optimize the individualized treatment for
patients with advanced esophageal cancer. These patients of
the individualized treatment group were treated based on their
ERCC1 C8092A genotype. The outcomes, including RR, PFS,
OS and adverse events, from the standard and individualized
treatment groups were analyzed.

Materials and methods

Patients. Anhui Provincial Hospital Oncology Department
(Hefei, China), Anhui Provincial Cancer Hospital
Oncology Department (Hefei, China) and Anhui Provincial
Cardiovascular Hospital Oncology Department (Hefei,
China) all maintain prospective databases. Eligible patients
exhibited histologically confirmed advanced squamous cell
carcinoma of esophagus and measurable lesion(s). All patients
provided written informed consent. The present study was
approved by the Clinical Research Ethics Committee of the
Anhui Provincial Hospital. Other inclusion criteria were:
Histologically confirmed un-resectable or recurrent advanced
esophageal cancer following surgery; Eastern Cooperative
Oncology Group performance status (ECOG-PS) <2, survival
not <3 months; clinically measurable lesion(s); last dose of
adjuvant chemotherapy occurred no later than 6 months ago
or no history of chemotherapy; and adequate hematological,
hepatic and renal functions for chemotherapy. Patients were
excluded if they had psychiatric disease, severe cardiological,
pulmonary, hepatic or renal diseases, suffered from colitis
gravis or were pregnant. A total of 140 patients were enrolled
in the present study. Patients were followed up primarily by
clinic visits, phone calls and e-mails until December 2015.
Follow-up information included measurement of lesions, tumor

YAO et al: INDIVIDUALIZED THERAPY IN ADVANCED EC BASED ON THE ERCC1 C8092A GENOTYPE

markers (carcinoembryonic antigen and SCC) and ECOG-PS.
Among the patients, genotyping information was not available
for 3 patients, 4 failed to receive the protocol treatment due
to adverse events, 2 were determined to be non-evaluable and
an additional 4 were lost to follow-up. Therefore, 127 patients
were analyzed. Of those, 49 were female (38.6%) and 78 were
male (61.4%); 21 were aged<60 years (16.5%) and 106 were
aged =60 years (83.5%). The clinical stages of esophageal
cancer were classified in accordance with the internation-
ally accepted tumor node-metastasis (TNM) staging system
(7th edition) (17,18). A total of 75 exhibited low differen-
tiation (59.1%), 37 exhibited mid differentiation (29.1%) and
15 exhibited high differentiation (11.8%).

Treatment. The standard regimen consisted of cisplatin
(25 mg/m? from days 1 to 3) and paclitaxel (150 mg/m?
on day 1). The length of standard regimen was 3 days. For
the individualized treatment group, blood samples were
obtained for the ERCC1-C8092A genotype analysis prior
to initiation of treatment. If the genotype was not C/C, the
regimen was the same as the standard regimen, otherwise
the regimen consisted of fluorouracil (750 mg/m? from
days 1 to 5) and paclitaxel (150 mg/m? on day 1) which took
5 days to complete. These regimens were repeated every
21 days as one cycle. Patients continued to be treated with the
regimen according to the protocol until progressive disease
(PD) was confirmed according to a contrast computed
tomography or magnetic resonance imaging scan. If PD was
confirmed, the regimen was either changed to second-line
chemotherapy or supportive treatment according to the
ECOG-PS of the patients. All patients completed >2 cycles
of chemotherapy. The maximum number of chemotherapy
cycles was 6 cycles.

Response evaluation. Response Evaluation Criteria in Solid
Tumors version 1.1 (19) was used for efficacy assessment.
Complete response (CR) was defined as the disappearance
of all lesions and no recurrence over a 4-week period. Partial
response (PR) was defined as =30% decrease in the tumor sum
of longest diameters (SLD) and PD as =20% increase in the
SLD or the occurrence of new lesions. Stable disease (SD)
was calculated as non-PR/PD, and response rate (RR) was
calculated using the following formula: RR=CR + PR. PFS
was defined as the time interval between inclusion and the
first progression or mortality from all causes. OS was defined
as the time interval between inclusion and mortality from all
causes. The response evaluation was performed every 2 weeks.
If symptoms that supported PD were observed in the clinic,
the evaluation was performed prior to the date predetermined
within the protocol. If PD was confirmed, the regimen was
either changed or optimized to better support the treatment.
Patients with CR, PR or SD continued to be treated with the
regimen on protocol for a maximum of 6 cycles, until PD
was confirmed. Lesions in all the patients that discontinued
chemotherapy were evaluated every month.

Adverse events and adjustments. The toxicity of the
chemotherapy was graded according to National Cancer
Institute Common Terminology Criteria for Adverse
Events version 4.03 (20). Treatment for adverse events was
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Figure 1. Representative sequencing results of the ERCC1 C8092A gene from patients in. The (A) ERCC1 C8092A C/C group, (B) ERCC1 C8092A A/C group
and (C) ERCC1 C8092A A/A group. Red boxes show the point mutation of the sequence of DNA. ERCCI, Excision repair cross-complementation group 1.

administered to all grade 1 and 2 toxicities, and the original
regimen was continued when adverse events were alleviated.
Regimen dose was decreased by 25% for all grade 3 and 4
toxicities and discontinued in case of recurrence and persis-
tence. To increase patient tolerance of chemotherapy, adjuvant
treatment using anti-emetics, hydration and diuretics drugs
was also administered over the period of chemotherapy.
Granulocyte colony-stimulating factor was administered to
grade 3 and grade 4 myelotoxicities 24 h after chemotherapy.

Genotype analysis of ERCCI C8092A. Promoter and coding
single nucleotide polymorphisms (SNPs) in ERCC1 C8092A
(rs3212986) in the SNP database of the National Center
for Biotechnology Information (BUILD 151; http://www.
ncbi.nlm.nih.gov/SNP) were sourced. The DNA of eukary-
otes in peripheral blood of patients was obtained using
phenol-chloroform extraction and analyzed with polymerase
chain reaction (PCR) amplification. The primers for PCR
was prepared by Sangon Biotech Co., Ltd. (Shanghai, China).
The PCR primers used to amplify the DNA were as follows:
ERCC1-8092 Forward, 5'-ACAGTGCCCCAAGAGGAGAT-3'
and reverse, 5" AGTCTCTGGGGAGGGATTCT-3". The reac-
tion mixture consisted of: 10X buffer solution (Sangon Biotech
Co., Ltd.) (15 mmol/IMg*), 2 ul 2.5 mM dNTPs (2.5 mmol/l),
0.5 ul of each primer (10 mmol/I), 0.2 ul Taq (Sangon Biotech
Co., Ltd.) enzyme (5 U/ul), 50 ng genomic DNA sample and
sterile distilled water (total volume, 50 pl). The thermo cycler
conditions were as follows: 95°C for 5 min; then, 94°C for
15 sec, 60°C for 25 sec and 72°C for 30 sec for 40 cycles, then
72°C for 10 min. The products were kept at 4°C until use. The
products of PCR were sequenced by Sangon Biotech Co., Ltd.,
and the gene polymorphisms were analyzed. The genotypes
were identified using MxPro-Mx3000P v4.00 analysis soft-
ware (Agilent Technologies, Inc., Santa Clara, CA, USA). The
data were analyzed using the 2"24% method (21). The sequence
chromatograms were analyzed using Chromas software v2.0
(Technelysium Pty Ltd., South Brisbane, Australia) to search
for SNPs at the target locus of each gene.

Statistical analysis. Statistical analyses were performed using
SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA).
Prior to analysis, the Hardy-Weinberg equation for the equilib-
rium of allele distributions was used to statistically evaluate the
data along with the % test. The quantitative data was presented
as frequencies and percentages while quantitative data with
a normal distribution was presented as the mean + standard
deviation.

The distribution of demographic variables was
compared between groups through nonparametric tests. The
Mann-Whitney U test was used to compare the data between
two groups. The Kruskal-Wallis test was used to compare the
data between three groups. The response rate was evaluated
along with the y? test or Fisher's exact test for 2x2 contingency
tables.

Independent influential factors of treatment were assessed
using logistic regression analysis, with variables significant
in the univariate analysis were included into a multivariate
model. All testing was 2-sided with significance determined
at P<0.05.

All survival analyses were performed with the
Kaplan-Meier method. Survival rate was evaluated by the
log-rank test. The significance level a was 0.05, and P<0.05
was considered to indicate a statistically significant difference.

Results

Sequencing of ERCCI C8092A genes and genetic equi-
librium test. The sequencing result of the ERCC1 C8092A
genes from 84 individualized treated patients is presented
in Fig. 1. According to the Hardy-Weinberg Principle, the
Hardy-Weinberg equilibrium was reached in the distribution
of genotypes, indicating that the samples were from the same
Mendelian population (P>0.05; Table I).

Clinical characteristics in treatment groups. The sex, median
age, ECOG-PS, TNM staging and pathological differen-
tiation grading were not significantly different between the
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Table I. Genetic equilibrium test in the individualized treatment
group.

Genotype N N P-value
ERCCI1 C8092A 84 0.7001 0.402*
A/A 14 -
A/C 36 -
Cc/C 34 -

“Hardy-Weinberg equation for the equilibrium of allele distributions
along with the ¥ test. ERCC1, Excision repair cross-complementa-
tion group 1.

individualized and the standard treatment groups based on the
%> or Mann-Whitney U test results (Table II).

RR. The RR of the individualized and standard treatment
groups were 53.6 and 34.8%, respectively, which were
significantly different (P=0.046). Within the individualized
treatment group, the RR of the patients with non-C/C geno-
types was 52.0%, and the RR of the patients with the C/C
genotype was 55.8%, which were not significantly different
(P=0.726; Table III). Multivariate analysis indicated that the
ECOG-PS, individualized treatment, high differentiation of
tumors and the TNM staging were all independent prognostic
factors of RR (Table IV).

Adverse events. The adverse events in the two groups were
primarily nausea and vomiting, hair loss, myelotoxicity and
neurotoxicity. In the individualized treatment group, the rate
of nausea and vomiting was 89.3% (75/84), within which the
rate of grade 3-4 events was 33.3% (28/84). In the standard
treatment group, the rate of nausea and vomiting was 97.7%
(42/43), within which the rate of grade 3-4 events was 65.1%
(28/43). The rates of nausea and vomiting in general from
the two groups were significantly different (P=0.001). In the
individualized treatment group, the rate of anemia was 91.6%
(77/84), within which the rate of grade 3 to 4 events was 17.9%
(15/84). In the standard treatment group, the rate of anemia
was 95.3% (41/43), within which the rate of grade 3 to 4 events
was 32.5% (14/43). These rates of anemia in general from
the two groups were significantly different (P=0.004). In the
individualized treatment group, the rates of hair loss, aleuko-
cytosis and neurotoxicity were 100.0 (84/84),94.0 (79/84), and
84.5% (71/84), respectively. In the standard treatment group,
the rates of hair loss, aleukocytosis and neurotoxicity were
100.0 (43/43), 90.7 (39/43), and 83.7% (36/43), respectively.
The rates from the two groups were not significantly different
from each other (P>0.05). Other adverse events such as diar-
rhea, thrombocytopenia, hepatic and renal toxicity were less
common, and the rates from the two groups were not statisti-
cally different (Table V).

PFS and OS. The PFS in the standard treatment group was
4.4 months [95% confidence interval (CI), 3.8-5.0 months],
and the PFS in the individualized treatment group was
6.6 months (95% CI, 5.8-7.4 months), which were significantly
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different (P=0.018). The OS in the standard treatment group
was 11.4 months (95% CI, 10.1-12.7 months), and the OS in
the individualized treatment group was 14.2 months (95%
CI, 13.2-15.2 months), which were significantly different
(P=0.008). In the individualized treatment group, the
PES in the A/C or A/A groups was 6.5 months (95% ClI,
5.4-7.6 months), and the PFS in the C/C group was 6.6 months
(95% CI,5.3-7.9 months), which were not significantly different
(P=0.139). The OS in A/C or A/A groups was 14.2 months
(95% CI, 13.2-15.2 months), and the OS in C/C group was
13.5 months (95% CI, 11.6-15.4 months), which were not
significantly different (P=0.512; Table VI; Figs. 2 and 3).

Discussion

Cisplatin is one of the primary compounds used in the chemo-
therapy of esophageal cancer, due to its efficacy and relatively
low price (22). By forming a platinum-DNA complex in
the tumor cell, intra- or inter-strand cross links are formed,
resulting in the termination of cell cycle at G2/M phase, which
consequently triggers apoptosis in the proliferating cells (23).
However, DNA repairing mechanisms are responsible for
the integrity and stability of the genetic information. On one
hand, when exogenous factors cause changes in the DNA, the
cell repairs the DNA through these mechanisms to prevent
additional damage to the cell. Conversely, when the DNA of
tumor cells are damaged in chemotherapy, the same repairing
system is also able to fix the damaged DNA and ensure that the
tumor cells survive the chemotherapy. Therefore, it is hypoth-
esized that the sensitivity and resistance to chemotherapy of
tumors are associated with DNA repairing mechanisms. In the
human body, there are 6DNA repair processes: Base excision
repair, mismatch repair, homologous recombination (HR),
non-homologous end joining, trans lesion DNA synthesis
and nucleotide excision repair (NER) (24). Among those,
NER is primarily responsible for repairing the DNA adducts
induced by polycyclic aromatic hydrocarbons, ultraviolet
light and other exogenous chemicals (25,26). With respect
to platinum-induced DNA damage in chemotherapy, NER
is a multi-functional repairing system. By excising the DNA
adduct and replicating DNA from the complementary strand,
NER retains the integrity of the genome (27).

ERCCI is located on the chromosome 19q13.2-13.3. The
whole gene consists of 15 kbp and encodes a protein of 297
amino acid residues (28). ERCC1 has to form a heterodimer with
DNA repair endonuclease XPF (XPF), which is responsible for
the recognition and incision of the damaged DNA strand 5' of
the lesion. This step is the rate-determining step in NER, and
also an important step for the regulation of NER (29-31). The
activity of ERCC1 indicates the activity of the repair system of
NER (32). The over expression of ERCCI1 increased the clearance
level of platinum-DNA adducts induced by cisplatin and leads
to the resistance of cisplatin in patients. Previous studies have
demonstrated that the ERCCI1-C8092A polymorphism is rele-
vant to the outcome of platinum treatment, and that the patients
with A/A and A/C genotypes are likely to be more sensitive to
platinum treatment compared with the patients with the C/C
genotype (11,33). Bradbury et al (15) investigated 150 patients
with esophageal cancer treated with platinum-based chemo
radiation therapy, and identified that the patients possessing an
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Table III. Comparison of RR.

Patient grouping Response (CR+PR), n No response (SD+PD), n RR (%) a P-value
Standard treatment group 15 28 34.8 3.095 0.046
Individualized treatment group 45 39 53.6

A/C and A/A 26 24 52.0 0.123 0.726
Cc/C 19 15 55.8

RR, Response Rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Table IV. Univariate and multivariate analyses.

Univariate analysis

Multivariate analysis

Variables OR (95% CI) P-value OR (95% CI) P-value
Sex

Male 1 - - -

Female 1.044 (0.509-2.142) 0.906 - -
Age, years

>60 1.236 (0.481-3.179) 0.660 - -

<60 1 - - -
ECOG-PS

0 1 - 1 -

1 0.369 (0.094-1.443) 0.152 0.486 (0.114-2.078) 0.331

2 0.072 (0.016,0.335) 0.001 0.146 (0.028-0.771) 0.023
Treatment

Standard 0.464 (0.217-0.992) 0.048 0.377 (0.152-0.931) 0.034

Individualized 1 - 1 -
Treatment

Standard 1.169 (0.482-2.806) 0.726 - -

Cc/C 0.495 (0.214-1.142) 0.099 - -

A/IC & A/A 1 - - -
Status-OS

0 1 - - -

1 0.894 (0.055-14.612) 0.937 - -
Histologic grade®

G3 1 - 1 -

G2 2.750 (1.224-6.177) 0.014 1.617 (0.629-4.155) 0318

Gl 9.333 (2.444-35.636) 0.001 6.858 (1.583-29.711) 0.010
Location of tumor

Cervical 1 - - -

Middle 1.586 (0.421-5.980) 0.496 - -

Lower 1.687 (0.443-6.428) 0.443 - -
TNM staging

3 1 - 1 -

4 0.213 (0.101-0.452) <0.001 0.355 (0.144-0.874) 0.024

*Tumor node-metastasis staging system (7th edition). OR, odds ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group
performance status; OS, overall survival.

ERCCI1 C8092A genotype of A/A or A/C exhibited improved
PFS and OS compared with the patients with the C/C genotype

(P=0.03 and P=0.04, respectively). Wang et al (33) also demon-
strated that in a trial with 256 patients with esophageal cancer
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Table V. Comparison of adverse events.
Grades
Individualized (n=84) Standard (n=43)
Adverse events 0 I 11 11T v 0 1 Ila 11T v VA P-value
Nauseaand vomiting 9 19 28 17 11 1 4 10 18 10 3.350 0.001
Diarrhea 69 9 5 0 1 36 4 3 0 0 0.217 0.829
Hair loss 0 10 74 0 0 0 6 37 0 0 0.324 0.746
Aleukocytosis 5 23 40 12 4 4 11 21 6 1 0.438 0.662
Thrombocytopenia 65 12 6 1 0 31 7 3 2 0 0.712 0476
Anemia 7 40 22 11 4 9 18 12 2 2921 0.004
Hepatic toxicity 66 15 3 0 0 35 6 2 0 0 0.323 0.747
Renal toxicity 83 1 0 0 0 42 1 0 0 0 0473 0.637
Neurotoxicity 13 26 45 0 0 7 15 21 0 0 0.441 0.659
“Mann-Whitney U test.
Table VI. Comparison of PFS and OS.
A, Treatment groups
Standard (n=43) Individualized (n=84)
Survival Duration, month 95% Cl1 Duration, month 95% CI P-value
Medium PFS 44 3.758-5.042 6.6 5.777-7.423 0.018
Medium OS 114 10.115-12.685 142 13.228-15.172 0.008
B, Genotype-specific groups
A/C & A/A (n=50) C/C (n=34)

Survival Duration, month 95% CI Duration, month 95% CI
Medium PFS 6.5 5.411-7.589 6.6 5.343-7.857 0.139
Medium OS 142 13.231-15.169 13.5 11.643-15.357 0512

PFS, progression-free survival; OS, overall survival; CI, confidence interval.

treated by cisplatin together with fluorouracil, patients with the
A/A or A/C genotypes exhibited improved response rate and
PFS compared with patients with the C/C genotype (P<0.01
and P<0.0001, respectively). Therefore, the present study was
designed, according to previous results, to examine the role
of the ERCC1 genotype in the individualized treatment of
advanced esophageal cancer.

The majority of previous studies investigating ERCC1
utilized immunohistochemical analysis, which has certain
disadvantages. Firstly, the tumor tissue for biopsy is small and
the amount of tumor cells available may not be sufficient for
accurate diagnoses following immunohistochemical staining.
Secondly, the analysis in immunohistochemistry is only
partially quantitative, and the result is susceptible to inves-
tigator bias. The present study was based on the expression

of ERCCI1 at the molecular level, and therefore was more
reliable and accurate. In addition, the analysis of ERCCI in
previous studies primarily arises from the analysis of tissue
samples, which is complex (34,35). Schena er al (36) identi-
fied that the expression levels of ERCCI in tumor tissues and
peripheral blood were associatedin patients with non-small
cell lung cancer and patients with head and neck squamous
cell carcinoma.

In the present study, peripheral blood samples were
obtained for ERCC1 C8092A analysis. The patients were
randomized into the individualized and standard treatment
groups at a ratio of 2:1, respectively, based on the genotype.
The standard regimen was paclitaxel and cisplatin. In the
individualized group, patients with the non-C/C genotype
were treated with paclitaxel and cisplatin, and patients with
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Figure 3. PFS and OS curves in patients with C/C and non-C/C genotypes. (A) PFS curve. (B) OS curve. PFS, progression-free survival; OS, overall survival.

the C/C genotype were treated with paclitaxel and fluoro-
uracil. Paclitaxel is an anticancer drug with high efficacy.
Paclitaxel stabilizes the microtubule polymers and protects
them from disassembly, by inhibiting cell mitosis (37).
Clinical data has demonstrated that the single-drug efficacy
of paclitaxel intreating advanced esophageal cancer is 32%,
suggesting that paclitaxel is relatively efficient in advanced
esophageal cancer treatment (38). The combination of
paclitaxel and cisplatin is one of the most widely-used chemo-
therapy strategies in paclitaxel therapies. Zhang et al (39)
identified that the efficacy of paclitaxel and cisplatin treat-
ment in late-stage esophageal cancer treatment was 48.6%
in a Phase II clinical trial. For patients who are resistant to
cisplatin, an alternative choice is paclitaxel combined with
fluorouracil. Yun et al (40) revealed that in recurrent or
metastatic esophageal squamous cell carcinoma, the effica-
cies of paclitaxel and capecitabine were 75% in the first-line

and 45% in the second-line treatment. Matsumoto et al (41)
and Schnirer et al (42) also demonstrated positive outcomes,
including the RR in the treatment of advanced esophageal
cancer with paclitaxel and fluorouracil. Therefore, the
present study selected the combination of paclitaxel and fluo-
rouracil as the treatment for patients with the C/C genotype
that were not sensitive to platinum treatment. The RRs of the
individualized and standard treatment groups were 53.6 and
34.8%, respectively. The difference was statistically signifi-
cant (%*=3.095; P=0.046). The result supported the study
hypothesis that individualized treatment based on ERCCI1
genotype increases the RR of chemotherapy compared with
conventional treatment. The adverse events in the individual-
ized treatment group, including nausea and vomiting, and
anemia, were significantly decreased compared with the
standard treatment group (P=0.001 and P=0.004, respec-
tively). This indicated that individualized treatment based on
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the genotype of patients avoided the side effects induced by
cisplatin on those patients that were not sensitive to cisplatin,
increasing the tolerance of chemotherapy in the patients
receiving individualized treatment.

The PFS in the standard treatment group was 4.4 months
(95% CI, 3.8-5.0 months) and 6.6 months (95% CI,
5.8-7.4 months) in the individualized treatment group,
which were significantly different (P=0.018). This result
also suggested that the differentiation of treatments for
esophageal cancer based on the ERCC1 C8092A genotype
may benefit the patients during chemotherapy and prolong
the PFS of patients, particularly for those that were not sensi-
tive to platinum treatment. The OS in the standard treatment
group was 11.4 months (95% CI, 10.1-12.7 months) and
14.2 months (95% CI, 13.2-15.2 months) in the individual-
ized treatment group, which were significantly different
(P=0.008). This may be due to the fact that patients in the
individualized treatment group exhibited improved PFS and
physical conditions subsequent to PD and a tolerance for
chemotherapy compared with the standard treatment group.
It may also be due to a failure to control the disease with the
second-line treatment following PD in the standard treatment
group. In addition, the differences between the supportive
treatments may also have an effect on the survival of patients.
In the individualized treatment group, the PFS in the A/C
or A/A group was 6.5 months (95% CI, 5.4-7.6 months) and
6.6 months (95% CI, 5.3-7.9 months) in the C/C group, which
were not significantly different (P=0.139). The OS in the A/C
or A/A group was 14.2 months (95% CI, 13.2-15.2 months)
and 13.5 months (95% CI, 11.6-15.4 months) in the C/C
group, which were not significantly different (P=0.512). The
analysis within the individualized treatment group indicated
that patients with the C/C genotype that were not sensitive
to platinum treatment exhibited improved PFS and OS
compared with AC/AA genotypes when treated based on
individual ERCC1 C8092A genotypes.

The present study only focused on the individualized treat-
ment for advanced esophageal cancer based on the ERCCI1
C8092A genotype. The population was relatively small,
therefore an increase in the study population and decrease in
the distinctions between the second-line treatments following
PD is required to additionally support the benefit of the
individualized treatment. The present study may provide a
molecular basis for the individualized systemic treatment of
advanced esophageal carcinoma. It may also be valuable to
investigate individualized treatment based on multiple genes
simultaneously.
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