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Aim: This study explored the correlation between the expression of excision repair cross-complementation
group 1 (ERCCI1) and the prognosis of gastric cancer patients.

Methods: From January 2005 to December 2008, 605 patients who underwent radical surgery in The
First Affiliated Hospital of Nanjing Medical University were enrolled. We conducted the follow-up every
6 months and its contents included a comprehensive medical history, tumor markers and abdominal
ultrasound or CT and other imaging findings. Deadline was April 30, 2013 and follow-up time between
51 to 91 months. Survival time is calculated from the date of diagnosis to death or last follow-up date.
Immunohistochemistry (IHC) was used to assess the expression of ERCCI in resected samples. The
relationship between ERCCI1 expression and survival of patients was investigated. The comparison of
count data were analyzed by Chi-square test. Median survival time (MST) and the 5-year survival rate were
calculated by life table analysis. The Kaplan-Meier curves were used for survival analysis.

Results: ERCCI expression was positive in 412 patients (68.1%). There is no significant difference
between ERCC1-positive group and ERCCl1-negative group in terms of the MST and 5-year survival rate
(P=0.455). The MST and 5-year survival rate have no significant difference (P=0.162) between group with
chemotherapy and group with no chemotherapy in patients with ERCC1-positive expression. However,
the MST and 5-year survival rate in patients with ERCCl-negative expression benefited more from with
chemotherapy (P=0.019). The ERCClI1-positive patients survived longer than those ERCCl-negative
patients (P=0.183) in subgroup with no adjuvant chemotherapy. In the subgroup analysis, ERCC1 expression
had no significant relationship with overall survival in patients with stage I or III gastric cancer (P>0.05).
Conclusions: ERCCI might be a good prognostic factor for the patients of gastric cancer after radical

resection. Patients with ERCCI1-negative expression could benefit more from adjuvant chemotherapy.
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Core tip certain reference significance on the assessment of prognosis

In this study, we explored the correlation between the and prediction on sensitivity of platinum drug. Patients with

expression of ERCC1 and the prognosis of gastric cancer ERCCl-negative expression could be sensitive to platinum-

patients after radical resection. ERCC1 expression has based drugs and benefit more from adjuvant chemotherapy
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of platinum combined with fluorouracil. As a result, the
chemotherapy regimens of these patients may consider
choosing platinum-containing drugs.

Introduction

Gastric cancer is one of the most common malignant tumors
worldwide. Surgery and chemotherapy are important
treatments for gastric cancer. So far, the prognosis of
patients with gastric cancer is still poor, the overall 5-year
survival rate is about 20% (1). Among patients with gastric
cancer, long-term survival varied widely, if we could screen
high-risk patients and give them close follow-up and
appropriate intervention, survival may be prolonged.

TNM staging system (2) established by American Joint
Committee on Cancer (AJCC) has played a significant role
in the choice of treatment and the judgment of prognosis
since it was promulgated. In recent years, some molecular
biology factors affecting the prognosis of patients with
gastric cancer have received attention, such as p53, PTEN,
EGFR, VEGF, Survivin, HER-2, etc., but there are still
divergences among the results of various researches.
Therefore the clinical application of molecular biology
factor as an individual prognostic marker in gastric cancer
requires further research and exploration.

The latest meta-analysis on adjuvant chemotherapy
of postoperative patients with gastric cancer showed that
adjuvant chemotherapy, compared with surgery alone,
can prolong the time to recurrence and survival time, and
S-year survival rate increased from 49.6% to 55.3% (3).
However, adjuvant chemotherapy are not beneficial for
all patients with gastric cancer, some patients suffer from
side effects and do not really benefit. Platinum drugs as an
active drug for gastric cancer, combined use of fluorouracil
have become the most commonly used option of adjuvant
chemotherapy for gastric cancer. Therefore, finding specific
molecular markers predicting the efficacy of platinum drugs
has important clinical significance.

The main target of cisplatin, oxaliplatin and other
platinum-based anticancer agents is DNA. They make
crosslinks within or between DNA chains to prevent its
replication and transcription and promote cell apoptosis
through the formation of platinum-DNA adducts. Studies
have shown that the enhancement of nucleotide excision
repair capacity is an important cause of drug resistance
of platinum (4-7), excision repair cross-complementation
group 1 (ERCCI1) as a rate-limiting enzyme of the
nucleotide excision repair pathway (8), the expression level
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reflects the capacity of nucleotide excision repair to some
extent, may be related to platinum-based drug resistance.
Current clinical studies on ERCC1 mainly concentrated in
lung cancer as the research object. There are a few reports
in head and neck cancer, bladder cancer, ovarian cancer,
colorectal cancer, gastric cancer and pancreatic cancer.

This study aims to (I) explore the value of ERCC1
as a molecular marker for prognosis of gastric cancer by
analyzing the relationship between the ERCCI expression
of tissue specimens from the postoperative patients with
stage II and III gastric cancer and survival time; (II) explore
whether ERCC1 could predict platinum drugs effect by
analyzing the influence of combined chemotherapy with
platinum and fluorouracil on long-term survival among
gastric cancer patients with different expression of ERCCI,
and to provide a reference for the choice of clinical
chemotherapy regimen.

Materials and methods
Patients

A total of 605 cases of gastric cancer with gastrectomy
and pathologically diagnosed as stage II or III at The First
Affiliated Hospital of Nanjing Medical University from
January 2005 to December 2008 were included into our
study. Paraffin-embedded tissue specimens of gastric cancer
were obtained. Gastric cancer staging is according to the
AJCC seventh edition of the TNM staging system: 156
cases of stage II, and 449 cases of stage III. Among 605 cases
of patients, 431 patients received adjuvant chemotherapy,
174 cases did not undergo adjuvant chemotherapy due
to the wishes of patients. The clinical and pathological
features of all patients are shown in 7able 1. Case selection
conditions: (I) a detailed medical history and complete
pathological information; (II) histological types were
adenocarcinoma; (III) surgical methods were gastrectomy
combined D2 lymphadenectomy; (IIII exclude cases with
deaths of no-cancer causes; (V) exclude cases with serious
organic diseases. Patients with postoperative adjuvant
chemotherapy still need to satisfy: (I) without preoperative
neoadjuvant chemotherapy; (II) without radiotherapy before
or after surgery; (III) adjuvant chemotherapy completed
at least four cycles using cisplatin/oxaliplatin combined
with fluorouraci. Specifically the following options: (i)
cisplatin plus fluorouracil, FP regimen; (ii) cisplatin plus
Xeloda, XP regimen; (iii) oxaliplatin combined with
capecitabine, XELOX regimen; (iv) oxaliplatin combined
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Table 1 Clinical and pathological characteristics of patients

Patient characteristics No. of patients (%)
Gender

Male 438 72.4

Female 167 27.6
Age

<60 262 43.3

>60 343 56.7
Differentiation

Well, moderate 121 20.0

Poorly 484 80.0
Tumor size (cm)

<5 cm 312 51.7

>5 cm 293 48.3
N category

NO 106 17.5

N1 126 20.8

N2 172 28.4

N3 201 3312
Vascular or nerves invasion

Negative 268 44.3

Positive 337 55.7
Stage

A 29 4.8

1B 127 21.0

1A 113 18.7

1B 145 24.0

e 191 &

with fluorouracil, FO, FOLFOX4, mFOLFOX6 regimen.

Follow-up and survival time calculations

We had conducted the follow-up by telephone or inquiring
the information of the medical records of patients every
6 months. The follow-up contents included a comprehensive
medical history, tumor markers and abdominal ultrasound
or CT and other imaging findings. Deadline was April 30,
2013 and follow-up time between 51 to 91 months. Getting
diagnosis of pathology was as starting point, and the death
of cancer or cancer-related complications was as the final
event. Censored data was data of patients still alive at the
end of follow-up. Survival time is calculated from the date
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of diagnosis to death or last follow-up date.

Immunobistochemistry (IHC)

Tissue samples were formalin-fixed and paraffin-embedded;
4 mm-thick sections were cut and stained by using the
avidin-biotin complex method. After that, the slides were
pretreated with microwaves for antigen retrieval in
10 mm citrate buffer (pH 6.0) and incubated in the primary
antibody at 4 °C overnight. The antibody used for the
detection of ERCC1 was ZM-0138 (Beijing Zhongshan
Biotechnology Co., Ltd., China) (1:150 dilution), and
it was a mouse monoclonal antibody raised against the
amino-terminal 304 amino acids of ERCCI. In addition,
each case included a negative (without primary antibody)
and a positive control (MCF7 cell line). If the staining was
uncertain, we repeated to confirm it.

Scoring of ERCCI

A pathologist from our hospital had observed all sections
(observer was blinded to the clinical data of the patients).
We chose five visual fields randomly through the high
power lens (x400) with Olympus optical microscope and
counted 200 cells in every visual field. Score depended on
the degree of cell staining and the percentage of stained
cells (9). Staining Level: no colored mainly as 0, the yellow
as 1, the brown as 2, dark brown as 3. The percentage of
stained cells: no staining cells as 0, 1% to 9% as 0.1, 10%
to 49% as 0.5, 250% as 1.0. The score of degree of cell
staining was multiplied by the score of percentage of stained
cells staining. The product of >1.0 was positive expression,
<1.0 was negative expression.

Statistical analysis

SPSS 16.0 software was used for statistical analysis. The
comparison of count data were analyzed by Chi-square
test. Median survival time (MST) and the 5-year survival
rate were calculated by life table analysis. The Kaplan-
Meier curves were used for survival analysis. P<0.05 was
considered statistically significant.

Results
ERCCI expression in gastric cancer tissue

ERCC1 was mainly localized in the nucleus in gastric cancer
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Figure 1 ERCCI expression in of gastric cancer tissue. (A,B) negative expression of ERCCI in gastric cancer tissue (A, x100; B, x400); (C,D)

ERCCI1 expression in nucleus of gastric cancer tissue (C, x100; D, x400); (E,F) ERCCI expression in cytoplasm of gastric cancer tissue (E,

x100; F, x400). ERCC1, excision repair cross-complementation group 1.

tissue, and also expressed in cytoplasm of some tumor cells
(Figure 1). A total of 412 cases are ERCC1-positive and 193
cases are ERCCl-negative, the positive rate was 68.1%.
There were no correlations between ERCC1 expression
and gender, age, tumor size, histological grade, depth of
invasion, with or without vascular nerve involvement,

lymph node metastasis and cancer stage (P>0.05) (7able 2).

Survival and ERCCl1expression

A total of 359 cases (59.3 %) patients died during the follow-
up period. The MST was 36.5 months, and the 5-year
survival rate was 40.7%. For 412 ERCCl-positive cases,
MST was 37.1 months, the 5-year survival rate was 41.3%;
and for negative group (193 cases), MST was 35.4 months,
and the 5-year survival rate was 39.4%. The difference was
not statistically significant (P=0.455) (Figure 2A4).

There were 122 cases without adjuvant chemotherapy
and 290 cases with postoperative chemotherapy of cisplatin
combined with fluorouracil in patients with ERCC1-
positive expression. There was no significant difference
between group with chemotherapy and group with no
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chemotherapy in patients with ERCC1-positive expression
in terms of the MST and 5-year survival rate (MST: 40.3
vs. 32.5 months, 5-year survival rate: 43.4% vs. 36.1%,
P=0.162) (Figure 2B). There were 52 patients without
adjuvant chemotherapy and 141 patients with postoperative
chemotherapy of cisplatin combined with fluorouracil in
patients with ERCC1-negative expression. However, the
MST and 5-year survival rate in patients with ERCCI1-
negative expression benefited more from chemotherapy
(MST: 40.7 vs. 23.3 months, 5-year survival rate: 43.3%
vs. 28.8%, P=0.019) (Figure 2C). Adjuvant chemotherapy
can significantly improve overall survival in these patients.
In the 174 patients without postoperative adjuvant
chemotherapy, MST and 5-year survival rate of ERCC1-
positive group (122 cases) were higher than ERCC1-negative
group (MST: 32.5 vs. 23.3 months, 5-year survival rate:
36.1% vs. 28.8%, P=0.183, Figure 2D).

In the subgroup analysis, ERCC1 expression was not
related with overall survival in patients with stage I1I gastric
cancer (P>0.05) (Figure 34). Subgroup analysis found no
significant impacts of chemotherapy on the prognosis
of stage II patients with different levels of ERCC1
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ERCC1

Clinicopathological parameters N.

Positive (%)

Negative (%)

181 (29.9)
231 (38.2)

Age
<60 262
>60 343

0.661
81 (13.4)
112 (18.5)

Differentiation
Well, moderate 121
Poorly 483

83 (13.7)
328 (54.3)

0.914
38 (6.3)
155 (25.7)

Vascular or nerves invasion
Negative 268
Positive 337

187 (30.9)
225 (37.2)

0.482
81 (13.4)
112 (18.5)

Stage
I 156
1] 449

expression. Similarly, there was no significant difference in
ERCCl-positive stage III patients (Figure 3B). However,
chemotherapy of platinum combined with fluorouracil can
significantly improve overall survival in ERCC1-negative
stage III patients (Figure 3C).

In subgroup analysis, there were no significant
relationships in stage II patients without chemotherapy
(48 cases). Similarly, though MST and the 5-year survival
rate were higher in ERCC1-positive group than ERCCI1-
negative group in stage III patients without chemotherapy
(MST: 25 vs. 18.1 months, 5-year survival rate: 24.7% vs.
16.2%), there was no significant difference between them
(P=0.119) (Figure 3D).
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106 (17.5)
306 (50.7)

1.000

50 (8.3)
143 (23.5)

Discussion

ERCCI is a section of repair gene about 15 kb located on
human chromosome 19q13.2-q13.3, containing 10 exons
and encoding a protein containing 297 amino acids (10).
ERCCI1 protein is unstable by itself. ERCC1 and xeroderma
pigmentosum group F (XPF) form heterodimers (ERCC1-
XPF) to involve in nucleotide excision repair pathway (11).
Experimental studies have revealed that ERCCI1 gene
deficient mice had serious dysplasia at birth, and died of
severe liver damage soon (12). Another research reported
that knockout of ERCCI gene of mice would accelerate the
aging of organs, showing a state of premature aging, and
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Figure 2 ERCCI expression and the survival of patients with gastric cancer. (A) ERCCI expression and overall survival of patents with gastric
cancer (P=0.455); (B) impact of cisplatin combined with fluorouracil chemotherapy on survival of ERCCl1-positive patients (P=0.162); (C) impact
of cisplatin combined with fluorouracil chemotherapy on survival of ERCCl1-negative patients (P=0.019); (D) ERCCI expression and survival of

patents with gastric cancer without postoperative adjuvant chemotherapy (P=0.183). ERCC1, excision repair cross-complementation group 1.
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Figure 3 ERCCI expression and the survival of patients with gastric cancer of stage III. (A) ERCCI expression and overall survival of
patients with gastric cancer of stage III (P=0.646); (B) the impact of cisplatin combined with fluorouracil chemotherapy on survival of
ERCCI-positive patients with gastric cancer of stage III (P=0.106); (C) the impact of cisplatin combined with fluorouracil chemotherapy on
survival of ERCCl1-negative patients with gastric cancer of stage III (P=0.002); (D) ERCCI expression and survival of patients with gastric
cancer of stage III without postoperative adjuvant chemotherapy (P=0.119). ERCCI, excision repair cross-complementation group 1.
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was closely related to brain damage, liver failure and died
shortly after birth (13). Jaspers et al. (14) reported the first
case of human ERCCI genetic defect. Due to the lack of
ERCCI gene, the patient had allergy to UV and mitomycin,
and the patient had serious fetal and postnatal growth
retardation, showing brain, face, eyes, bones and other
serious clinical symptoms. So, ERCCI plays an important
role in the repair of damaged DNA and maintaining the
integrity of genetic information.

Therefore, theoretically ERCCI1 expression levels in
tumors to some extent reflect the tumor intrinsic ability
to repair DNA damage. The disturbance of DNA damage
repair system cause an increase in genetic instability,
causing accelerated tumor growth and more malignant
manifestations, leading to poor prognosis. In the study of
lung cancer in 2006, Olaussen ez 4l. (9) found that ERCCl1=
positive expression had better prognosis through the analysis
of the survival of 372 cases of lung cancer of stage I-I1I
without chemotherapy after radical resection. There were
a few experiments concluding ERCC1-positive patients of
lung cancer patients had better prognosis, and ERCC1 was
an independent prognostic factor in patients with lung cancer
(15,16). But there had not had gastric cancer-related research
reported yet. In East Asia, the united gastrectomy with D2
lymph node dissection is the standard curative treatment
for gastric cancer, and a number of studies have shown that
lymph node dissection has a direct impact on the prognosis
of patients. Therefore this study adopted cases united
gastrectomy with D2 lymph node dissection into research.

Chemotherapy is one of the main treatments for
gastric cancer. But there is a big difference in sensitivity to
chemotherapeutic drugs of different individual. Therefore,
finding molecular markers predicting sensitivity to
chemotherapeutic drugs to guide effective choice of drugs
for patients and to reduce unnecessary adverse reaction,
is hotspot of individual chemotherapy of tumor research.
Removal of platinum-DNA adducts and increased capacity
of repairing crosslinking within or between DNA chains
are important reasons led to drug resistance of platinum.
Studies have shown that nucleotide excision repair pathway
plays a vital role in the repair of platinum-induced DNA
damage (4-7). ERCCI as one of the critical protein of the
pathway, has significance in the repair of platinum-induced
DNA damage and resulting in drug resistance of platinum.
The high expression of ERCC1 mRNA and the relationship
between ERCC1 mRNA and drug resistance of platinum
has been initially verified in lung cancer, gastric cancer,
ovarian cancer, esophageal cancer, colorectal cancer and
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other cancer researches (17-20).

In this study, we found that for ERCCl1-negative patients,
platinum-containing chemotherapy can significantly improve
overall survival and 5-year survival rate; while ERCC1-
positive patients showed no prolonged survival from
chemotherapy. It can be inferred that ERCCI-negative
patients with gastric carcinoma are suitable for platinum-
based chemotherapy, while the ERCCI1-positive patients
may not benefit from platinum-based drugs. In the subgroup
analysis, patients of gastric cancer of stage III showed similar
results and statistical significance as the overall data, but
patients of stage I did not obtain a statistically significant
result. This study enrolled patients using drugs of the same
type, but chemotherapy regimen is not consistent, and
different drug sensitivity to fluorouracil in patients may
exist. There may be a certain impact on the accuracy of the
experimental results. In a study of advanced gastric cancer,
Kwon et al. (21) found that among 64 patients with routine
FOLFOX4 chemotherapy, ERCCI expression was positive
in 70.3% of patients, and overall response rate of treatment
was 39.1%, and response can be better achieved in ERCC1-
negative tumor, and time to tumor progression (T'TP) was
almost twice that ERCCl-positive patients had, and the
survival period was also longer than the ERCC1-positive
patients. But Yun et /. (22) thought ERCC1 could not
predict sensitivity to cisplatin nor be overall survival time
indicator. Kim ez /. (23) had a research on 149 cases with FP
chemotherapy with gastric cancer of stage II ~ III and came
to the opposite result: ERCCl1-positive patients lived longer.
Most findings suggest that patients with lower expression
of ERCC1 were more efficient with platinum-based
chemotherapy and had higher survival time, and there are
a few experiments did not receive a positive result, or come
to the opposite conclusion. Therefore, relationship between
ERCCI expression and sensitivity to platinum drug needs a
large sample of multi-level experiments to verify.

In summary, ERCCI1 expression has certain reference
significance on the assessment of prognosis and prediction
on sensitivity of platinum drug. Patients with ERCC1-
negative expression could be sensitive to platinum-based
drugs and benefit more from adjuvant chemotherapy of
platinum combined with fluorouracil. As a result, the
chemotherapy regimens of these patients may consider
choosing platinum-containing drugs.
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