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  Purpose: It has been reported that the overexpression 
of the excision repair cross-complementing 1 (ERCC1) 
gene, which is essential for the repair of cisplatin (CDDP)- 
DNA adducts, negatively influences the effectiveness of 
CDDP-based therapy for primary gastric cancer. W e 
investigated whether the ERCC1 expression was asso-
ciated with survival for gastric cancer patients in an 
adjuvant setting. 
  Materials and Methods: W e retrospectively analyzed 
44 patients who were diagnosed with stage II or higher 
disease after undergoing curative resection and they had 
also received cisplatin-based chemotherapy. The ERCC1 
expression was examined by performing immunohisto-
chemical (IHC) staining, and this was divided into two 
groups according to the percentage of IHC staining of 
the tumor cell nuclei (negative: 10%  or less, positive: 
more than 10% ).
  Results: Among the 44 patients (ERCC1-negative/

ERCC1-positive group=16/28), 32 patients were male and 
their median age was 52 years. There was no difference 
for the baseline characteristics of the two groups. The 
median follow-up duration was 41 months. The median 
disease-free survival (DFS) and the overall survival (OS) 
for the ERCC1-positive group were significant higher than 
those of the ERCC1-negative group (DFS: 40.4 vs. 14.6  
months, p=0.02, OS: undefined vs. 20.4 months, p=0.008). 
  Conclusion: The overall survival in gastric cancer pa-
tients who received cisplatin-based adjuvant chemo-
therapy after a curative resection is higher in those  
patients showing the overexpression of the ERCC1 gene. 
However, prospective studies using the ERCC1 gene 
expression as a prognostic marker for the DNA repair 
activity are needed. (Cancer Res Treat. 2006;38:19-24)
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INTRODUCTION

  Gastric cancer is ranked as the number one cause of cancer 
among Koreans (1), and this is a matter of serious concern 
among health care professionals. 30% to 40% of the patients 
who undergo curative resection for gastric cancer experience a 
recurrence of tumor, and the overall 5-year survival rate ranges 
from 10% to 40% (2). Despite the poor prognosis, gastric 
cancer has shown a considerable response to chemotherapy. 
Therefore, improving the survival of gastric cancer patients is 
now being done by modifying and developing the chemothe-
rapeutic approach.
  Cisplatin was discovered serendipitously by Rosenberg and 

colleagues (3) in 1965 as an inhibitor of bacteria growth, and 
it has a striking antitumor activity. By the mid 1970s, cisplatin 
was being administered to the patients suffering with germ cell 
tumors and this drug induced durable remissions and sometimes 
cures in many individuals suffering with metastatic disease (4). 
Cisplatin has now been proven effective against such common 
cancers such as those of the lung, the upper digestive tract, the 
urothelium and the ovarian epithelium.
  The role of cisplatin for gastric cancer was first studied on 
patients with advanced disease. The previous phase II study 
showed a response rate from 23% to 73% for advanced gastric 
cancer treated with cisplatin-based combination therapy (5). 
Based on its effects on advanced gastric cancer, cisplatin has 
and is now being used as a basic agent in the adjuvant setting 
of gastric cancer. However, the antitumor activity of cisplatin 
has only been incompletely defined as an adjuvant therapy 
(6,7), and its effects haven't be observed in all cases of 
advanced gastric cancer. The limited role of cisplatin for gastric 
cancer has been thought to be due to the cancer's mechanism 
of resistance, i.e., the expression of the excision repair cross- 
complementing 1 (ERCC1) gene. 
  The ERCC1 gene prevents mutations and other injuries to 
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the DNA via the nucleotide excision and repair pathway, and 
this pathway is essential for the repair of the cisplatin (CDDP)- 
DNA adducts (9). Therefore, this gene may have a pivotal role 
in cancer cells' mechanism of resistance to cisplatin. It has been 
reported that the overexpression of the ERCC1 gene negatively 
influenced the effectiveness of CDDP-based therapy for 
advanced gastric cancer, non-small cell lung cancer, esophageal 
cancer and ovarian cancer (10～14). However, there has been 
no study reporting on the expression of ERCC1 in the adjuvant 
setting of gastric cancer. This study investigated if the over-
expression of the ERCC1 gene has an influence on the survival 
of the gastric cancer patients who received cisplatin-based adju-
vant therapy after curative resection.

MATERIALS AND METHODS

    1) Patients 

  From September 1996 to August 2004, 44 patients who were 
diagnosed with stage 2 or higher gastric cancer after a curative 
resection were retrospectively analyzed. All of the patients were 
aged 18 years or older, and they had received at least four 
cycles of cisplatin-based adjuvant chemotherapy. No other 
chemotherapy was given prior the adjuvant chemotherapy. The 
exclusion criteria included a prior history of malignancies, with 
the exception of basal cell carcinoma of the skin or carcinoma 
in situ of the cervix, or the presence of any active infection 
or other serious underlying medical conditions. The patients' 
characteristics were obtained by reviewing the patients' chart 
records. The patients were regularly followed up after they 
received the adjuvant chemotherapy.

    2) Administration of adjuvant cisplatin-based combi-
nation chemotherapy

  After curative resection, if the patients had stage II or higher 
disease, according to TNM staging system (15), a good 
performance status and adequate laboratory findings, then we 
administered adjuvant cisplatin-based combination chemothe-
rapy. Three cisplatin-based combination chemotherapeutic regi-
mens were administered for the adjuvant chemotherapeutic regi-
mens: the FP (5-fluorouracil and cisplatin), oFLP (oral 5-fluo-
rouracil, leucovorin, cisplatin) or PELF (cisplatin, epirubicin, 
leucovorin and 5-fluorouracil) regimens.
  The FP regimen was as follows. Cisplatin 100 mg/m2

 was 
administered intravenously on day 1 and 5-FU 1,000 mg/m2

 
was administered intravenously on days 1 to 5. This regimen 
was repeated every three weeks. The oFLP regimen was 
cisplatin 100 mg/m2

 administrated intravenously on day 1, and 
oral 5-FU 500～700 mg and leucovorin 45 mg were admini-
strated orally on days 1 to 21. This regimen was repeated every 
four weeks. Oral 5-FU (UFT) was administrated according to 
the body surface area (BSA): 1～1.5 m

2 : 500 mg, 1.5～2 m2 : 
600 mg, and ＞2 m2 : 700 mg. The PELF regimen consisted 
of two cycles of the PELF regimen and then this was followed 
by four cycles of the ELF regimen. The PELF regimen was 
as follows. Cisplatin 40 mg/m2 and epirubicin 30 mg/m2 were 
administered intravenously on days 1 and 5, and 5-FU 300 

mg/m2 and leucovorin 20 mg/m2 were administered intra-
venously on days 1 to 3. This regimen was repeated every three 
weeks. The ELF regimen was epirubicin 75 mg/m

2 admini-
stered intravenously on day 1 with the 5-FU 450 mg/m2 and 
leucovorin 20 mg/m

2 being administered on days 1 to 3. This 
regimen was also repeated every three weeks.

    3) Assessment and evaluation

  All the patients underwent a medical history taking and a 
physical examination. Before the adjuvant treatment, assess-
ments were conducted that included a CBC, renal and liver 
function tests, urinalysis, ECG, a performance status check, 
chest X- ray, radionuclide bone scan and abdominal CT.
  The toxicities and the routine laboratory exams were evalu-
ated before the course of treatment. Follow-up evaluations were 
done after the treatment; these included laboratory tests, chest 
X-rays, abdominal ultrasound and stool occult blood, and these 
exams were repeated every 3 months for 2 years, and then 
every 6 months until 5 years after treatment. Gastroscopy was 
repeated every 2 years.

    4) Immunohistochemical staining for the ERCC1 ex-
pression

  Immunohistochemical (IHC) staining was performed by 
using a streptoavidin-biotin immunoperoxidase method accor-
ding to the supplier's protocol (DAKO, LSAB kit, Carpenteria, 
CA). In brief, the paraffin-embedded tissue sections were 
deparaffinized in xylene and rehydrated with a graded series 
of ethanol solutions. After quenching the endogenous peroxi-
dase activity by immersing the sections in 0.3% hydrogen 
peroxide for 30 minutes and then in blocking the reagents for 
30 minutes, primary monoclonal mouse anti-human ERCC-1 
(Clone 8F1, NeoMarkers, Fremont, CA) was applied to the 
sections at a dilution of 1：100, and the sections were allowed 
to incubate in a moist chamber for 2 hours at room temperature. 
After washing out the excess complex, the location of the 
antibodies was visualized by incubating the section for 10 
minutes in 3,3'-diaminobenzidine tetrahydrochloride (DAKO, 
Carpinteria, CA). The positive control we used for ERCC-1 
was the nuclear staining of the normal gastric epithelium that 
was adjacent to the cancer in each section. For the negative 
control, normal serum was substituted for the primary antibody.

    5) Statistical analysis

  We analyzed the disease-free survival (DFS) and the overall 
survival (OS) of the two groups, which were divided according 
to their ERCC1 expression. The survival rates were estimated 
using the Kaplan-Meier method. As for the prognostic factors, 
univariate and multivariate analyses were used for the DFS; the 
OSs were estimated with using log-rank and Cox regression 
tests. The prognostic factors of gastric cancer were analyzed 
with regard to the performance status, gender, age, the tumor 
stages, the expression of ERCC1, the operative method and the 
chemotherapy regimens. The patients' characteristics and the 
side effects between the two groups were also analyzed via the 
κ2-test and Fisher's exact test (SPSS software, version 11.0; 
SPSS Inc, Chicago, IL).
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Fig. 1. The expression of ERCC1 in stomach cancer. Immunohistochemical staining for the ERCC1 gene in cancer cells is shown 
by brown nucleus staining; counterstaining was done with haematoxylin (arrow: stained normal cell, arrow head: stained cancer 
cell). Negative: ＜10%, Positive: more than 10%.

Table 1. Demographics and treatment characteristics of the gastric cancer patients according to the ERCC1 expression level
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

Total patients (n=44) ERCC1 negative (n=16) ERCC1 positive (n=28) p-value
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
  Gender Male 32 13 (81%) 19 (60%) 0.48

Female 12  3 (19%)  9 (40%)
  Age Median 52 56      49     0.25

Range 35～70 35～65 35～70
  Stage* II  1 0 (0%) 1 (4%) 0.32

IIIA 18  7 (44%) 11 (39%)
IIIB 14  3 (19%) 11 (39%)
IV 11  6 (37%)  5 (18%)

  Cycles Four  5 1 (6%)  4 (14%) 0.25
Five  3 0 (0%)  3 (11%)
Six 36 15 (94%) 21 (75%)

  Surgery STG† 29  8 (50%) 21 (80%) 0.09
TG‡ 15  8 (50%)  7 (20%)

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
*No. of metastatic lymph nodes, ERCC-negative vs. ERCC-positive, 13 vs. 8, respectively p=0.02, †subtotal gastrectomy, ‡total 
gastrectomy.

RESULTS

    1) Patient characteristics

  The characteristics of the 44 eligible patients are listed in 
Table 1. Among a total of 44 patients, 32 patients were male 
and 12 patients were female. The median age was 52 years, 
and the patients' ages ranged from 35 to 70 years. Sixteen 
patients were in the ERCC1-negative group and twenty-eight 
patients were in the ERCC1-positive group. There was no 
difference in their baseline characteristics i.e. age, stage, the 
number of cycles of chemotherapy and the operative method 
between the two groups, except for the number of cases with 

lymph node metastasis (Table 1). The proportion of patients 
with stage II and/or IIIA disease in each group was 44%. All 
the patients received at least 4 or more cycles of CDDP-based 
adjuvant chemotherapy (PELF: 15, oFPLP: 18, FP: 11). The 
median follow-up period was 41 months. 

    2) ERCC1 expression level

  The expression of the ERCC1 gene, as determined by the 
IHC staining, was divided into two groups according to grading 
the proportion of nuclei that were stained in the tumor cells. 
The grading system was as follows: if immunoreactivity was 
noted in less than 10% of the tumor cells, then we defined this 
as negative; if the immunoreactivity was 10% or more of the 
tumor cells, then we defined this as positive (Fig. 1).
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Fig. 2. Disease free survival according to more and less than 
a 10% ERCC1 expression level as the cutoff level. 

Fig. 3. Overall survival according to more and less than a 10% 
ERCC1 expression level as the cutoff level. 

    3) Disease-free survival and overall survival

  The median DFS was 40.4 months in the ERCC1-positive 
group and 14.6 months in the ERCC1-negative group (p=0.02) 
(Fig. 2). In terms of the median OS, the ERCC1-positive group 
had a significantly higher OS than did the ERCC1-negative 
group (undefined vs. 20.4 months, respectively, p=0.008) (Fig. 
3). Both the DFS and OS of the ERCC1-positive group were 
superior to those of the ERCC1-negative group.

    4) Relapse and second-line therapy

  Of the 44 patients, twenty-four patients (55%) had tumor 
recurrence and seventeen patients (39%) died. According to the 
ERCC1 expression, 12 patients (75%) in the ERCC1-positive 
group and 12 patients (43%) in the ERCC1-neagtive group 
relapsed. Although 8 of the 24 relapsed patients were treated 
with second-line therapy, only 5 patients received at least three 
cycles of second-line chemotherapy. Only one patient of 12 
relapsed patients in the ERCC1-negative group was treated with 
oxaliplatin combination chemotherapy as the second-line 
therapy and the patient is still alive. 4 of the 12 relapsed 
patients in the ERCC1-positive group were treated with second- 
line chemotherapy and 2 of these patients are still alive. 

DISCUSSION

  The ERCC1 gene is operant in all mammalian cells; it 
encodes a protein made of 297 amino acids and it appears to 
prevent mutations and other injuries to DNA via the nucleotide 
excision and repair pathway. This process involves removing 
the modified nucleotide together with several adjacent nucleo-
tides from the damaged strand (excision), and this is followed 
by filling in the resulting gap through the activity of DNA 
polymerase (repair synthesis). The ERCC1 protein is considered 
to be part of a functional complex with the ERCC4, ERCC11 
and XPF proteins, and this complex may be required for both 
nucleotide excision-repair and recombination repair (10). The 
cytotoxicity of cisplatin has been associated with its induction 
of DNA intrastrand, interstrand and DNA-protein cross-linking. 

Because the ERCC1 gene product participates in the repair of 
the intrastrand cross-linking caused by cisplatin, human ERCC1 
has a role for the gene-specific DNA repair of the cisplatin- 
induced lesions.
  Metzger et al (10). have found a significant association 
between the ERCC1 levels and survival after cisplatin/5-FU 
therapy for the patients suffering with gastric cancer. Other 
studies have also reported associations between higher ERCC1 
expressions and worse clinical outcomes of cisplatin-based 
therapy for non-small cell lung cancer, esophageal cancer and 
ovarian cancer (11～13) and for the oxaliplatin/5-FU treated 
colorectal cancer (14). Those studies found an association 
between the lower ERCC1 mRNA expression levels and the 
patients' improved survival after treatment.
  This study investigated whether or not the ERCC1 gene 
overexpression is associated with the survival of the gastric 
cancer patients who had received cisplatin-based adjuvant 
chemotherapy after a curative resection. In contrast to a prior 
study, the DFS and OS of this study were higher in those 
patients showing ERCC1 gene overexpression. The causes for 
this were thought to be as follows.
  First, the efficacy of adjuvant chemotherapy still remains a 
subject of some controversy. Moreover, cisplatin is effective for 
treating advanced gastric cancer, as seen by the response rate 
and survival rate, but not as an adjuvant regimen. Because of 
the inefficacy of cisplatin-based adjuvant chemotherapy for 
treating gastric cancer, the ERCC1 expression might not have 
a defined role as a predictive marker.
  Second, the ERCC1 expression may play a role in the 
progression of cancer. Simon et al (16). evaluated the effects 
of ERCC1 expression on the overall survival for 49 patients 
with stage IA to IIIB non-small cell lung cancer (NSCLC) and 
who also underwent surgical resection. Forty-three patients 
received no adjuvant therapy. Their study showed that patients 
having a high ERCC1 expression had a better survival than did 
the patients having a lower ERCC1 expression. Based on their 
study, an efficient DNA repair mechanism affected the pro-
gression of the cancer itself. Since patients with a low ERCC1 
expression had a poorer prognosis, but they responded better 
to chemotherapy, they were likely to benefit from chemothe-
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rapy. Further prospective studies on the ERCC1 gene expre-
ssion as a prognostic marker for the DNA repair activity are 
needed. 
  Third, it is thought that there are different sensitivities and 
specificities between the methods used to detect the ERCC1 
expression. There is growing evidence that the colorectal can-
cers with microsatellite instability (MSI) have a better pro-
gnosis and so they might respond differently to adjuvant che-
motherapy. Up to now, the PCR-based MSI assay has been 
considered as the gold standard for MSI testing. Chapusot et 
al (17). have recently evaluated if IHC really offered an 
accurate, fast and cost-effective alternative to MSI testing; 
however, it cannot replace PCR. In prior studies, reverse 
transcriptase-polymerase chain reaction (RT-PCR) was used 
with PCR-amplified β-actin serving as an internal standard to 
control for the amount of RNA isolated from tumor biopsies 
so as to determine the relative ERCC1 levels. It was feasible 
to obtain the ERCC1 mRNA levels from the cDNA of 38 
(58%) primary gastric tumor specimens (10). However, in the 
current study, 28 patients showed a positive expression of the 
ERCC1 gene (64.6%) and the positive rate in our study was 
higher than that in the previous study. The discrepancy between 
using RT-PCR and IHC for detecting the ERCC1 gene may 
have been a confounding factor. Further prospective studies 
showing the association between RT-PCR and IHC are needed. 
Fourth, the number of metastatic lymph nodes was significantly 
different between the ERCC1-positive group and the ERCC1- 
negative-group, though the disease stage of both groups was not 
statistically different. The number of metastatic lymph node 
was 13.2 in the ERCC1-negative group and it was 8.5 in the 
ERCC1-positive group (p=0.02). 
  Fifth, factors other than the ERCC1 gene may have affected 
the tumors' resistance to chemotherapy. Thymidylate synthase 
(TS), the target enzyme of the antimetabolite 5-FU, has been 
shown to be an independent prognostic marker of 5-FU 
chemotherapy for gastrointestinal tumors (10,14). Decreased 
pyruvate kinase M2 activity has also been linked to cisplatin 
resistance in the human gastric carcinoma cell lines (19). 
However, we didn't evaluate these other factors.
  Because ERCC1 participates in the repair of intrastrand 
cross-linking caused by cisplatin, the gene may have a pivotal 
role in the mechanism of cancer cell resistance to cisplatin. 
However, this study showed that the DFS and OS for the 
gastric cancer patients who received cisplatin-based adjuvant 
chemotherapy after a curative resection were higher for those 
patients who showed overexpression of the ERCC1 gene. This 
result was due to a limited role for cisplatin as adjuvant che-
motherapy for gastric cancer, the effect of ERCC1 expression 
on cancer progression, the discrepancy between the RT-PCR 
and IHC in detecting the ERCC1 gene, the difference of the 
LN number and there were probably other genetic factors that 
could have affected the resistance to chemotherapy. Future 
prospective studies using the ERCC1 gene expression as a 
prognostic marker for the DNA repair activity are needed.

CONCLUSIONS

  The disease-free survival and overall survival of the gastric 
cancer patients who received cisplatin-based adjuvant chemo-

therapy after curative resection were higher for those patients 
showing ERCC1 gene overexpression. However, future pro-
spective studies using the ERCC1 gene expression as a pro-
gnostic marker for DNA repair activity are needed.
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