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Abstract

Background: Association of excision repair cross-complementing gene 1 (ERCC1) expression and treatment
response and survival was evaluated in advanced stages of gastric cancer patients who were given different
platinum-based chemotherapy. Patients and Methods: Forty-one patients with advanced gastric cancer were
enrolled into the study from January 2000 to December 2009. ERCC1 expression was evaluated by
immunohistochemistry (IHC). Results: Thirteen of the 41 patients (31%) were shown to have ERCC1 positive
lesions. Although the clinical benefit from platin based chemotherapy was the same for ERCC1 positive and
negative patients, survival times were statistically significantly better in ERCC1 negative gastric cancer patients.
Conclusion: We suggest that IHC studies for ERCC1 may be useful in prediction of the clinical outcome of
advanced gastric cancer patients treated with platin-based chemotherapy.
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Introduction (ERCC1) is an excision nuclease within the nucleotide
excision repair pathway. ERCC1 forms a heterodimer with
The majority of gastric cancer patients in Turkey hav&XPF. As a unit, they execute the 5’ incision into the DNA
stage Ill or IV disease at presentation and are therefos¢rand, relative to the site of DNA damage, in the
candidates for some form of chemotherapy. Currently, Irucleotide excision repair excision process. Studies by
year survival rates are <50% in stage IlIA and B diseas&ancar and Reardon show that the 5’ excision is the last
and <25% in stage |V disease (Hundahl et al., 2000). Quf several steps that are specific to excision of a platinum-
the evidence of four randomized trials of chemotherap®PNA lesion. ERCC1 is one of the 16 proteins that
versus best supportive care, chemotherapy confers benefittmpose the nucleotide excision repair repairosome (Lee
both in quality of life and in survival. These trials showedet al., 1993; Sancar et al., 2004). Malignancies in which
survival of 7-12 months with chemotherapy and only 3-mRNA expression of ERCCL1 is directly related to clinical
4 months without it. Although gastric cancer has beenutcome in response to DNA damaging chemotherapy
considered as a chemosensitive tumor for many years, mzlude lung cancer, head and neck cancers, gastric cancer,
significant progress in its management has resulted witholorectal cancer, and ovarian cancer (Codegoni et
the last two decades. Most responses to chemotherapy ate1997; Metzger et al.,1998; Britten et al., 2000; Shirota
partial and of short duration. Median survival is 7-%t al.,2001; Lord et al., 2002; Olaussen et al., 2006).
months and survival at 2 years is exceptionally >10% In the present study, assosiation of ERCC1 expression
(Glimelius et al., 1997; Catalano et al., 2009) Aand treatment response and survival was evaluated in
combination of platinum-based chemotherapy in theadvanced stages of gastric cancer patients who were given
treatment of advanced gastric cancer is considereddifferent platinum-based chemotherapy.
standard. Identification of patients will benefit from
platinum-based therapy, treatment response and survivRgtients and Methods
may increase. New combinations (for example; taxans and
irinotecan) with platinum or addition of targeted therapyEligibility criteria
agents further improve the treatment results in these All patients in this study had histologically confirmed
patients (Wagner et al., 2006). adenocarcinoma of the stomach. They had unresectable
The excision repair cross-complementing gene inetastases with bidimensionally measurable lesion. These
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patients were treated by cisplatin-based chemotherap®laussen et al.,2006).

Patients were selected for this analysis primarily on the

basis of availability of adequate tissue for study. ClinicaFollow-up, evaluation and assessment of response

data were obtained by retrospective chart review. All Patients who received at least three cycle of treatment

patients had a performance status less than or equalvere considered evaluable for response. The eligibility

two according to the Eastern Cooperative Oncology Grouand suitability for assessment of the subjects and the

scale, adequate bone marrow and renal function, and agesponse to treatment were reviewed by a radiologist

between 18 and 79 years. externally. Patients who achieved a complete response
Exclusion criteria included the presence of centra(CR) or a partial response (PR) and patients with stable

nervous system metastases, serious or uncontrollatisease (SD) were accepted as having clinical benefit (CB)

concurrent medical illness, and a history of othefrom treatment. Objective responses (OR) were

malignancies. The study was reviewed and approved hjetermined according to WHO criteria. The progression

the local ethics committee. free survival (PFS) was estimated from the date of the
first cycle to the first evidence of disease progression.
Treatment protocols Overall Survival (OS) was estimated from the date of the

In twenty patients (49%), ECU (On day 1, Cisplatinfirst cycle to the date of death or last follow-up.
(60 mg/n?) was administered by intravenous (i.v.) infusion
in 1000 ml of normal saline over 2 h and epirubicin (5CStastistical analysis
mg/n?) was administered by i.v. short infusion and urasil  The duration of survival and the median and mean
tegafur (UFT) was administered by oral 1-14 days evergvent times (95% confidence interval [CI]) were estimated
three weeks. In seven patients (19%), CI (On d 1, 108ccording to the Kaplan—-Meier method with SPSS
mg/m? CPT-11 was administered by intravenous infusiorstatistical 15.0 software package program. The differences
for 90 min, followed by a 2 h infusion of 70 mg/m2 in time distributions between groups were tested for
cisplatin, with adequate hydration, with a 2 h intervalstatistical significance using the log-rank test. P < 0.05
between CPT-11 and cisplatin administration and thisvas considered statistically significant.
treatment was repeated every 3 wk for six courses). In
thirteen patient (32%), modified DCF (On day 1,Results
Docetaxel (60 mg/f was administered by i.v. infusion
over 1 hour, followed by Cisplatin (60 mg/hwas Forty-one patients were enrolled into the study from
administered by intravenous (i.v.) infusion in 1000 ml ofJanuary 2000 to December 2009. All patients
normal saline over 2 hours, Folinic acid (400mgMas characteristics who were given chemotherapy and had
administered by i.v. infusion over 2 hours and 5-avaliable records are shown on Table 1. Thirteen of 41
Fluorourasil (2400 mg/f was administered by i.v. patients (31%) were shown to have ERCCL1 positivity with
infusion over 48 hours. This treatment was repeated evelfiC. Treatment responses were shown on table 2

3 wk for six courses). according to staining ERCCL1. No statistically significant
difference observed in terms of treatment response
Immunohistochemical staining for ERCC1 between two gruops (P=0.71).

We used a standard protocol for the immunostaining The median progression free survival (PFS) for all
of the samples. In brief, for epitope re- trieval, specimenERCC1 positive and negative patients wet€,9 mo

were exposed to 10 mM cit rate buffer (pH 6,0) and heateﬁl ble 1. Patient and Treat tch teristi
for 30 minutes in a water bath. Tumor sections werg 22'€ +- Fatient and freatmen aractenisucs

incubated for 60 minutes with a monoclonal antibodyCharacteristic No (%) of patients
specific against the full-length human ERCC1 protein atoq 41 Male 30 (73)

a 1:100 dilution (mouse, clone 8F1, Neomark- ers). Female 11 (27)
Antibody binding was detected by means of an ABC kitAge (Median) 52 yr (32-74)

with NovaRED as the substrate (Vec-tastain Elite, Vectoifype of chemotherapy (%) ECU 20 (48)
Laboratories) and Mayers hematoxylin as the counterstain. Cl 8 (20
Sections of normal tonsil tissues were included as external. mDCF 13 (32
positive controls, and stromal cells surrounding the tumofistopathology Diffuse type - 15 (37)
area served as internal positive controls. An investigatolr itial Stage "I‘Itlesnnal type Zf ((1603))
who was unaware of clinical data independently evaluated Y, 37 (90)
ERCC1 staining under a light microscope at agegion of metastasis Liver 27 (66)
magnification of 400x. They recorded whether tumor or Lung 6 (15)
stromal cells expressed ERCCL1. The expression of ERCC1 Ovary 3 (8
gene, as determined by the IHC staining, was dividen into Peritoneal 9 (23)
two groups according to grading the proportion of nuclei More thanone 12  (30)
that were stained in the tumor cells. The grading systerReérformance status (ECOG)Z 1 734 (17()83)

was as follows: If immunoreactivity was noted in less 10%
of the tumor cells, then we defined this as negative; If thdotal no of chemotherapy (Median) (Cyclég)2-9);ECU,
immunoreactivity was 10% or more of the tumor cells,Epirubicin, Cisplatin, UFT; CI, Cisplatin and Irinotecan; mDCF,
then we defined this as positive (Shirota et al., 2001Pocetaxel, Cisplatin, 5-FU
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Table 2. Response to Treatment according to ERCC1 Positivity and Chemotherapy Combination

ERCCL1 Staining ECU n (%) Cl n (%) mDCF n (%) Total n (%)

+ - + - + - + -
Total 6 (30) 14 (70) 3(38) 5 (62) 4 (31) 9 (69) 13 (31) 28 (69)
Partial response 1(17) 4 (29) 1(33) 1(25) 2 (50) 3(33) 4 (31) 8 (29)
Stable disease 3 (50) 5 (36) 1(33) 2 (50) 1 (25) 4 (44) 5(38) 11 (39)
Progression 2(33) 5 (36) 1 (33) 2 (50) 1 (25) 2 (22) 4 (31) 9(32)
Overall response 1(17) 4 (29) 1(33) 1(25) 2 (50) 3(33) 4 (31) 8 (29)
Clinical benefit 4 (67) 13 (65) 2 (67) 3(75) 3(75) 7(77) 9 (69) 19 (68)

(%95 CI 3,2-6,8) and#8,2 mo (%95 Cl 5,7-10,3), Discussion
respectively (P=0,17). Six and 12 mo progression free
survival rates for ERCCL1 positive and negative patients There is no clear standard of treatment in gastric
were 38%, 0% and 55%, 20%, respectively. The mediagancer. Many single-agent or combination chemotherapy
overall survival (OS) for ERCC1 positive and negativeregimens have been used. The drug 5-FU remains one of
patients were 80,9 mo (%95 Cl 6,2-9,8) andt9,6  the most popular chemotherapy agents for gastric cancer,
months (%95 GA 5,8-12,2), respectively (P=0,035). Sixand has been the cornerstone of combination regimens
and 12 months overall survival rates for ERCC1 positivguch as FAMTX, ELF (etoposide, leucovorin and 5-FU)
and negative patients were 84%, 18% and 92%, 35%nd ECF (epirubicin, cisplatin and continuous infusion
respectively (Figure 1 a and b). 5-FU). Typically, response rates (RRs) with chemotherapy
In patients who were given ECU combinationare in the region of 20% to 30%. In the previous studies,
chemotherapy, the median survival for ERCC1 positiverhe highest recorded RR is the 45% seen with platin based
and negative patients were®5 mo (%95 Cl 5,1-6,9) chemotherpy (ECF) in the randomized trial versus
ve 80,3 mo (%95 CI 7,4-8,6), respectively (p=0,064).FAMTX, which had a significantly lower 21% RR (Waters
In patients who were given Cl combination chemotherapyt al.,1999).
the median survival for ERCC1 positive and negative The limited role of cisplatin for gastric cancer has been
patients were 83,3 mo (%95 Cl 1,6-14,4) andAB1  thought to be due to cancer’s mecanism of resistance, i.e.
mo (%95 CI 10,9-15,1), respectively (P=0,014). INERCCL1 gene. The ERCC1 gene prevents mutation and
patients who were given mDCF combinationother injuries to the DNA via the nucleotide excisionand
chemotherapy, the median survival for ERCC1 positiveepair pathway, and the pathway is essential for the repair
patients was 8 mo and not reached for ERCC1 negativsf cisplatin- DNA adducts (Matsubara et al., 2008).
patients (P=0.53). In our study, clinical benefit from platin-based
chemotherapy was similar in ERCC1 negative and positive
patients (68% vs. 69%, respectively). But OS time was
e statistically significantly better in ERCC1 negative gastric
—5 pegmeire cancer patients although the PFS time was not (OS; 8 mo
and 9 mo, PFS; 5 mo and 8mo, respectively). This may
show that chemotherapy response was more durable in
ERCCL1 negative patients. Thirteen of 41 patients (31%)
were shown to have ERCC1 positivity with IHC. This
rate is similar to reported in other gastric cancer studies
which evaluted ERCCL1 positivity. This means that sixty-
nine percent of gastric cancer patients may more benefit
from platin-based chemotherapy (Matsubara et al., 2008).
k & sz 2 de A oz The addition of docetaxel or irinotecan to a doublet
Suewaval wine mosshes including cisplatin, especially in patients with ERCC1
b o7 negative gastric cancer may provide better results. In our
\‘Yj\ ercet previous phase Il study, nine months OS was obtained
—remeire with cisplatin and irinotecan combination (Altinbas et al.,
2005). In this study, the highest survival have been
obtained in the patients who were given irinotecan and
‘ cisplatin combination and ERCC1 negative (13 mo).

According to this study, ERCCL1 negative patients benefit
more from this combination.
q

UFT has similar efficacy to continuous infusion 5-FU

\j and improved tolerability but does not have the
inconvenience and associated side-effects of

T L ' | catheterization and portable infusion devices. UFT

3 2 22 15 8 21 za 27 30

sucwival Time (mostli) therefore represents a logical replacement for 5-FU in

Figure 1. Kaplan-Meier Survival Curves accordingto ~ chemotherapy regimens for the treatment of advanced
ERCC1 Positivity. a) Progression free; b) Overall gastric cancer (Aykan et al., 2008). Table 3 summarizes
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Table 3. Clinical Studies Conducted on Patients with Gastric Cancer treated with UFT, Epirubicin and Cisplatin

Author Chemotherapy regimens n OS (mo) Response (%)
Jeen et al. E (50mgfday 1), C (60mg /Aday 1),

UFT and LV (360 and 45 mg Adays 1-21 days) every 28 days. a7 15 (43)
Idelevich et al. E (50mg/frday 1), C (60mg /Aday 1),

UFT and LV (300 ve 30 mg Afday 1-21 days) every 28 days. 39 10 (38)
Chaves etal. E (50mgfrday 1), C (60mg /éday 1),

UFT 300 mg /rfday 1-21 days) every 28 days. 16 10 (19)
Our study E (50mg/Aday 1), C (60mg/fihday 1) and ERCCL1 positive 6 6 a7)

UFT (300mg /Yday 1-14 days) every 21 days. ERCC1 negative 14 8 (29)

Total 20 8 (25)

C, cisplatin; E, epirubicin

the studies of combinations with cisplatin, epirubicin andReferences

UFT (Jeen et al.,2001; Malet-Martino et al., 2002;

Idelevich et al., 2007). In our study nearly half of the allHundahl SA, Phillips JL, Menck HR (2000). The National
patients received this combination regimen and the results Cancer Data Base Report on poor survival of U.S. gastric
were similar to others in terms of efficacy and survival. ~ carcinoma patients treated with gastrecto@gncer 88,
While the results were better in three studies using the 921-32. .
similar combination with leucovorin, in a small study Glimelius B, Ekstrom K, Hoffman K, et al (1997). Randomized

conducted without leucovorin the results were similar to comparison between chemotherapy plus best supportive care
with best supportive care in advanced gastric cadcen.

ours. In all of the four studies the regiment was well Oncol 8, 163-8.
tolerated. In our study the results tend to be better fofatalano v, Labianca R, Beretta GD, et al (2009). Gastric cancer.
response and survival in patients with negative ERCC1 Crit Reviews Oncol/Hematdll, 127-64.
staining, although the difference was not stasticallywagner AD, Grothe W, Haerting J, et al (2006). Chemotherapy
significant. (Treatment response; 29% vs. 17% and OS; 8 in advanced gastric cancer: a systematic review and meta-
vs. 6 mo, respectively) Given these facts ECU combination analysis based on aggregate datalin Onco) 24, 2903-9.
was a well tolerated regiment and had similar ef'I‘icacyS""”C"’}_r A,gzeardgg J; (2t0942:-h'\“£g°2ge7ix°i5i°n repair in E.
. H : e . H COll ana manAadyv Protein el A -(1.
with o.the'r combmaﬂons. Addltlc_m of Ieucovprln to this Lee KB. Parker RJ, Bohr V, Cornelison T. Reed E (1993).
combllnatlon.may improve the efflcf’:lcy. ESD?C"”‘”V E_RC_C 1 Cisplatin sensitivity/resistans in UV repair-deficient Chinese
negative patients may more benefit from th!s comblnatlon. hamster ovary cells of complementation groups 1 and 3.
In V=325 study, addition of docetaxel to cisplatin and 5-  carcinogenesi23, 3237-40.
FU combination resulted with improvement in treatmentmetzger R, Leichman CG, Danenberg KD, et al (1998). ERCC1
response and survival (25% vs. 37% and 8,6 mo vs. 9,2 mRNA levels complement thymidylate synthase mRNA
mo, respectively). Twelve mo survival was 46%. Grade levels in predicting response and survival for gastric cancer
3—4 toxicity was noted in 69% of patients in DCF arm patients receiving_ combination cisplatin and fluorouracil
(Van Cutsem et al., 2006). In our study, we used a modified chemotherapyd Clin Oncol 16, 309-16.
form of DCF combination and obtained a response ratk®'d RV Brabender J, Gandara D, et al (2002). Low ERCC1
of 38%. The treatment was well tolerated and there was expressmn_corr_elates with prolonge_d survival after cisplatin
) ) . ) o plus gemcitabine chemotherapy in non-small cell lung
no ggrly discontinuation relatgd with toxicity (Grade 3-4 cancerClin Cancer Res8, 2286-91.
toxicity 50%). Twelve mo survival was 46% and mediangyitten RA, Liu D, Tessier A, Hutchison MJ, Murray D (2000).
overall survival was not reached. Twelwe mo survival for ERCC1 expression as a molecular marker of cisplatin
ERCC positive and negative patients was 33% and 58%, resistance in human cervical tumor cellst J Cancer
respectively. Although response to treatment was similar 89,453-7.
in both groups, ERCC1 negative patients benefited morézodegoni AM, Broggini M, Pitelli MR, et al (1997). Expression
With all of the three combination chemotherapies there of genes of potential importance in the response to
was no difference in treatment response in favour of chemotherapy and DNA repair in patients with ovarian
ERCCL1 negative patients, however survival results tendeghicancer'eynecm Oncgl6S, 130-7.

. ) rota Y, Stoehimacher J, Brabender J, et al (2001). ERCC1
to be better. Large randomized trials are warranted t0 5 thymidylate synthase mRNA levels predict survival for

recommend non-platin containing regiments to ERCC1  ¢qjorectal cancer patients receiving combination oxaliplatin
positive patients with advanced gastric cancer. ERCC1  and fluorouracil chemotherapyClin Onco| 19, 4298-304.
expression was evaluated by IHC and meaningful resultSlaussen KA, Dunant A, Fouret P, et al (2006). DNA repair by
were found in these studies. IHC may be preferred as itis ERCCL1 in non—-small-cell lung cancer and cisplatin-based
cheap and easy method (can be applied almost every adjuvant chemotherap Engl J Med355 983-91.
pathology laboratory) for this evaluation. Waters \_]S, Norman A, _C_unn?ngha_m D, etal (1999_). Long-te_rm
In conclusion, although this study was small in sample survival after epirubicin, C|sp!at|n and fluorouracil for gastric

size, we were able to find a correlation between clinical cancer: results of a randomized triat.J Cancer 80, 269-
outcome and the expression of ERCC1. We suggest thgfaiqbara J, Nishina T, Yamada Y, et al (2008). Impacts of
immunohistochemical studies for ERCC1 may be useful  excision repair cross-complementing gene 1 (ERCC1),
in prediction of the clinical outcome of advanced gastric  dihydropyrimidine dehydrogenase, and epidermal growth
cancer patients treated with platin-based chemotherapy. factor receptor on the outcomes of patients with advanced
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