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Abstract

Background Adjuvant chemotherapy is gaining an

increasing role in resectable gastric cancer. Customizing

chemotherapy on the basis of chemosensitivity may

improve outcome, and putative predictive molecular

markers have been mostly evaluated in Asian patients. We

profiled key DNA and damage signaling factors and cor-

related them with outcome, in a European cohort.

Methods Formalin-fixed tumor samples obtained from

surgical specimens of patients treated with adjuvant cis-

platin-based chemotherapy for gastric cancer were ana-

lyzed. Immunohistochemistry (IHC) was performed to

analyze excision repair cross-complementing gene 1

(ERCC1) and thymidylate synthase (TS) expression, and

p53 mutations were detected with direct sequencing.

Results Among the 68 patient recruited, the median age

was 69 (range 30–74), and UICC stage was III in 44

patients (65 %). With a median follow-up of 40.5 months,

disease-free and overall survival were 18.0 (95 % CI

13.4–22.76) and 56 months (95 % CI 44.87–67.13),

respectively. ERCC1 score was 0 in 14 out 67 (21 %)

cases, 1 in 19 (28 %), 2 in 20 (30 %) and 3 in 14 cases

(21 %). Longer overall survival (p = 0.04) was found in

patients categorized as ERCC1 negative by IHC according

to median score. TS score was 0 in 16 out 67 (24 %) cases,

1 in 27 (40 %), 2 in 16 (24 %) and 3 in 8 cases (12 %).

Mutations of p53 were found in 21 out 66 (32 %) cases.

Neither TS nor p53 were found to correlate with outcome.

Conclusion Excision repair cross-complementing gene 1

by IHC might predict patients more likely to benefit from

adjuvant cisplatin-based chemotherapy in curatively

resected gastric cancer. In patients exhibiting ERCC1

positive tumors, alternative regimens should be evaluated.
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Introduction

In gastric cancer, surgery remains the mainstay of cure for

patients without distant metastases. In specialized centers

with high annual caseloads, D2 dissection is the recom-

mended type of surgery [1].

Perioperative chemotherapy has been implemented in

European countries following the results of the MAGIC

trial, showing an increase in 5-year overall survival (OS)

from 23 to 36 % with the ECF (epirubicin, cisplatin,

5-fluorouracil/5FU) regimen, as opposed to surgery alone

[2]. Adjuvant chemoradiation, an alternative strategy often

practiced in the US, has demonstrated an OS advantage

over surgery alone [3, 4]. Of note, in both strategies, most

of the patients underwent suboptimal regional lymphnode

dissection.
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Despite the abundance of randomized studies, there is

limited evidence of efficacy of adjuvant chemotherapy in

gastric cancer [5]. Nonetheless, meta-analyses of postop-

erative chemotherapy reported a small survival benefit [6–

10]. Intriguing results of two large randomized trials of

adjuvant chemotherapy conducted in Asia were recently

published. In the ACTS-GC study, the administration of

the oral fluoropyrimidine S1 in stage II/III gastric cancer

following D2 gastrectomy increased OS compared with

surgery alone [11, 12]. The CLASSIC trial reported an

improvement of 15 % in 3-year disease-free survival

(DFS) in patients treated with adjuvant oxaliplatin and

capecitabine, compared to surgery alone (HR 0.56,

p \ 0.0001) [13].

The ability to identify patients with increased sensitivity

to chemotherapy would allow a better pre-selection based

on the individual genetic profile. The excision repair cross-

complementing gene 1 (ERCC1) plays an essential role for

nucleotide excision repair (NER), and its altered expression

has been associated with resistance to platinum com-

pounds. In metastatic gastric cancer, it has been shown that

outcome is worse in patients treated with 5FU/cisplatin and

exhibiting ERCC1 overexpression [14, 15]. Moreover,

thymidylate synthase (TS), a key enzyme involved in the

metabolism of 5FU, seems to play a role in resistance to

fluoropyrimidines when overexpressed [16, 17], although

this finding is controversial [18, 19]. Furthermore, inacti-

vating mutations in p53 gene, encoding for a protein

involved in preventing genomic mutations, appear to

modulate the cytotoxic effects of 5FU, doxorubicin and

cisplatin. Indeed, in several neoplasms including gastric

cancer, p53 alteration (either induced by protein overex-

pression or gene mutations) has been related with resis-

tance to doxorubicin and platinum compounds [20, 21].

We here investigated ERCC1, p53 and TS in a cohort of

European patients with curatively resected gastric adeno-

carcinoma, aiming to identify molecular alterations able to

predict the efficacy of adjuvant cisplatin-based

chemotherapy.

Patients and methods

Patients’ population

This study is a retrospective analysis of 68 patients treated

between December 1996 and October 2009. This study has

been approved by the institutional review board of the

recruiting centers. A written informed consent was

requested.

All patients had undergone curative surgery with D2

dissection for gastric adenocarcinoma, were pathological

stage II to IIIB according to the UICC classification and

were treated with adjuvant ECF regimen. A chest X-ray

and abdomino-pelvic CT scan were routinely performed

before surgery, and additional exams were considered only

in case of clinical suspicion of distant metastases. In all

cases, macroscopic disease was eradicated by surgery, and

resection margins were free of tumor at histopathological

examination.

The clinical outcome was monitored for each patient

from surgery to death or last follow-up.

Treatment and follow-up

Adjuvant chemotherapy consisted in 4–6 courses of ECF,

administered as follows: Cisplatin 60 mg/m2 and Epirubi-

cin 50 mg/m2 both on day 1 every 3 weeks, and 5FU

200 mg/m2/day as a protracted continuous infusion. Dose

modifications were applied according to the original

schedule [22]. Chemotherapy started in all patients within

8 weeks from surgery. Surveillance after completion of

adjuvant chemotherapy occurred at 3-month intervals for

2 years; then at 6-month intervals for 3 years; and con-

sisted of physical examination, complete blood count and

liver function testing; radiological exams (in general,

abdominal ultrasound or CT scan every 6 months for

5 years) and upper endoscopy (annually, or if clinically

indicated) were performed according to the policy of each

institution.

Molecular analyses

Formalin-fixed, paraffin-embedded (FFPE) tissue was

available for immunohistochemical and molecular analyses

for all cases. Genomic DNA (obtained from 3 sections 3

lm thick) was extracted from a single representative FFPE

tissue block (containing C70 % of neoplastic cells) using

the QIAamp Mini kit (Qiagen, Chatsworth, CA, USA),

according to the manufacturer’s instructions. Published

criteria for accurate block and tumor area selection were

applied [23]. By comparison, total RNA was also extracted

from a paired healthy mucosa sample (Fig. 1).

ERCC1 and TS analysis

Immunohistochemistry (IHC) was performed on 3-lm-

thick tissue section by using anti-ERCC1 (clone 8F1,

dilution 1:50; ThermoScientific, Erembodegem, Belgium)

and anti-TS (clone TS106, dilution 1:50; Dako, Glostrup,

Denmark) monoclonal antibodies. ERCC1 was performed

on Ventana BENCHMARK� XT instrument using Ultra-

View DAB kit (Ventana Medical Systems, Tucson, USA),

whereas DAKO Autostainer (Dako, Glostrup, Denmark)

was used for TS immunostaining. Briefly, for epitope

retrieval, slides were exposed on heat EDTA; then,
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endogenous peroxidase activity was blocked by incubation

with 3 % H2O2 (ERCC1: 30 min EDTA and 4 min H2O2—

TS: 14 min EDTA and 10 min H2O2). ERCC1 primary

antibody incubation was carried out for 32 min at 37 �C,

whereas the anti-TS incubation was carried out for 60 min

at room temperature. Immunoreaction was revealed by

secondary antibody incubation (ERCC1 8 min—TS

30 min) with 30-30-diaminobenzidine as the chromogen and

Mayer’s hematoxylin as the counterstain. Endothelial cells

of normal tonsil tissues and proliferating germinal center

lymphocytes were included as positive controls for ERCC1

and TS, as previously suggested [24, 25].

Immunostaining was evaluated under a light microscope

by an expert pathologist. For ERCC1, a positive staining

was assigned when tumor cells showed nuclear reactivity,

while for TS, on the basis of both nuclear and cytoplasmic

reactivity. Since to date there are no standardized guide-

lines for ERCC1 and TS staining evaluation on gastric

tumors, an H-score usually utilized in the evaluation of

ERCC1 in non-small-cell lung cancer was applied [24]. In

detail, the intensity of staining was scored on a scale of

0–3?; 3? indicating the higher intensity using normal

tonsil tissue as positive control. The percentage of positive

tumor cells was scored as follows: 0 if 0 %; 0.1 if 1–9 %;

0.5 if 10–49 %; 1 if 50 % or more. Semiquantitative

H-score was obtained from intensity multiplied with posi-

tive cells, with values ranging from 0 to 3. The median

value of all H-score was chosen as the cutoff point to

determine positive or negative tissues according the liter-

ature [24, 25].

p53 mutational analysis

Since more than 90 % of p53 mutations occur in exons

4–10, the presence of p53 mutations was sought in

these regions. All tumor samples were subjected to

automated sequencing by ABI Prism 3130 (Applied

Biosystems) as previously described [26] and evaluated

with the Sequencing Analysis software. Each sequence

reaction was carried out at least twice, starting from

independent PCRs. In each case, the detected mutation

was confirmed in the sequence as sense and antisense

strands.

Statistical analyses

A two-tailed Fisher’s exact test was used to calculate the p

values for the association among the variables. The level of

significance was set at p \ 0.05. The DFS and OS analyses

were performed according to the Kaplan–Meier method,

and survival curves were compared using the log-rank test.

Data were analyzed using the IBM SPSS Statistics 20

package.

Results

Patients’ characteristics

Sixty-eight patients fulfilled the selection criteria and were

included in this analysis. The median age at diagnosis was

69 years (range 30–74). The study population included 36

males and 32 females. The patients were at high risk for

recurrence: 35 % were stage II and 65 % were stage III,

respectively.

The mean number of delivered courses was 5 (range

4–6). Disease relapse accounted for all deaths (42 events).

With a median follow-up of 40.5 months (range 4–163),

DFS and OS were 18 (95 % CI 13.4–22.7) and 56 (95 % CI

44.8–67.1) months, respectively.

Expression of ERCC1 and TS, and mutation of p53

Immunohistochemistry analysis was performed in 67 cases

(one case was not suitable for analysis due to the lack of

staining at internal positive control). ERCC1 expression

was categorized as score 0 in 14 out of 67 (21 %) cases, 1?

in 19 (28 %), 2? in 20 (30 %) and 3? in 14 cases (21 %).

By using the H-score, the median value was 0.25 (range

0–3). Positive cases were considered those exhibiting an

H-score higher than the median value (32 cases, 48 %). TS

expression was categorized as score 0 in 17 out of 67

(25 %) cases, 1? in 27 (40 %), 2? in 16 (24 %) and

3 ? in 8 (12 %) cases. By using the H-score, the median

Fig. 1 Kaplan–Meier estimates of overall survival according to

ERCC1 expression (IHC)
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value was 0.15 (range 0–3). Positive cases were considered

those exhibiting an H-score higher than the median value

(30 cases, 45 %).

The analysis of p53 was feasible in 66 patients, since in

two cases, amplification was not successful. Among these,

an inactivating point mutation was observed in 20 (30 %)

cases. The mutational spectrum was very broad, with the

classical hotspot mutations observed in few cases (R175H

in 3 cases, R273H in 2 cases and R248Q in 1 case). The

polymorphism at codon 72 of p53 showed the sequence

R72R in 52 (79 %) cases, R72P in 12 (18 %) cases and

P72P in 2 (3 %) cases.

Molecular markers and clinicopathological correlations

Overall, no significant correlations were found between

ERCC1 and TS protein expression, p53 mutations, p53

polymorphism in codon 72 and the clinicopathological

parameters (gender, age and stage), except for the corre-

lation of ERCC1 expression (1–3?) at IHC with stage III

disease (p = 0.03). Accordingly, a multivariate analysis

was not performed.

Molecular analysis and clinical outcome

The univariate analysis revealed no significant association

between the molecular markers and relapse of disease.

However, median OS was significantly longer in patients

with ERCC1 negative tumors for IHC classified on the

basis of the H-score (p = 0.04), while TS protein expres-

sion, p53 mutations and p53 polymorphism in codon 72

were not significantly associated with both DFS and OS.

Table 1 summarizes the survival data according to

molecular markers analyzed.

Table 1 Disease-free and

overall survival according to

molecular characteristics

Median

DFS (mos)

HR,

95 % CI

p value Median OS

(mos)

HR,

95 % CI

p value

p53 mut

No 16.0 40.0

Yes 11.0 1.569, 0.599–4.109 0.359 52.0 1.099, 0.496–2.435 0.817

p53

R72R 15.5 41.50

R72P, P72P 12.0 1.187, 0.465–3.026 0.720 32.50 1.487, 0.649–3.407 0.348

ERCC1 IHC

0 19.0 59.50

1?, 2?, 3? 12.0 3.811, 0.841–17.270 0.083 34.0 0.860, 0.244–3.034 0.815

ERCC1 IHC

0, 1? 16.0 51.0

2?, 3? 12.5 1.593, 0.461–5.512 0.462 35.0 1.406, 0.458–4.321 0.552

ERCC1 H-score

\Median 16.0 59.0

CMedian 13.0 0.231, 0.050–1.075 0.062 33.0 1.084, 0.258–4.556 0.041

TS

0 15.5 40.0

1?, 2?, 3? 15.0 1.093, 0.437–2.732 0.849 41.5 0.762, 0.308–1.882 0.556

TS

0, 1? 15.0 34.0

2?, 3? 15.0 0.418, 0.085–2.047 0.282 62.0 0.501, 0.119–2.115 0.347

TS H-score

\Median 15.5 40.0

CMedian 15.0 1.489, 0.283–7.823 0.638 41.5 1.769, 0.403–7.768 0.450
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Discussion

Nowadays, the search for predictive biomarkers to define

optimal treatment represents an intriguing challenge. Pre-

dictive markers could facilitate the selection of drugs best

suited for each individual and allow physicians to avoid

unnecessary toxicity and hospitalization to the patient,

while preserving economical and human resources. Over-

all, this study evaluated the expression of key determinants

for drug activity in gastric cancer specimens, particularly

analyzing the relationship among ERCC1, TS and p53

alterations and clinical outcome in a cohort of patients

treated with adjuvant ECF after curative D2 gastrectomy.

In gastric cancer, there are yet no validated molecular

markers able to identify subgroups of patients who could

benefit from these treatments. Outside clinical trials, in our

institutions, it was common policy to offer adjuvant ECF to

high-risk, curatively resected gastric cancer patients. To

better investigate the role of adjuvant ECF in this setting,

we focused on molecular alterations (ERCC1, TS and p53),

for which a possible effect of platinum compounds and

5FU on clinical outcome has been suggested.

Excision repair cross-complementing gene 1 plays a

pivotal role in the NER, which contributes in cisplatin

resistance [27, 28]. In our study, the absence of expression

of ERCC1 at IHC was found to correlate with better OS. Of

note, no improvement in DFS was observed. This finding

might be explained by the use of salvage platinum-based

regimens in relapsed patients, giving potentially an addi-

tional advantage in ERCC1 negative tumors.

Our findings confirm the knowledge that an hyper-

active NER (which occurs, for example, in the presence

of ERCC1 overexpression) is able to repair the DNA

breaks induced by the administration of platinum com-

pounds, preventing cell death due to the DNA damage

and leading, at last, to resistance to these compounds

[29]. The association of ERCC1 and clinical outcome in

patients treated with platinum-based regimens has

already been described by other authors. Consistent with

our results, Liu et al. [30] showed a longer OS in

patients with low ERCC1 levels treated with adjuvant

oxaliplatin-based chemotherapy. In contrast with these

results, several studies demonstrate that ERCC1 over-

expression correlates with better survival in curatively

resected gastric cancer patients treated with adjuvant

platinum-based regimens [31–33]. In addition, in

patients treated with platinum-based regimens, low

ERCC1 expression by IHC was associated with a higher

response rate and survival [15–34]. Table 2 summarizes

the studies on correlation of ERCC1 and outcome in

curatively resected gastric cancer patients treated with

platinum-based adjuvant chemotherapy. Discrepancy of

our results with other studies could be attributed to

different antibodies utilized within IHC protocols, the

H-score and different cutoff used at IHC evaluation, as

no standardized protocols and evaluation systems have

been defined. Also ethnicity could play a major role

when discussing our results not being consistent with

some publications, as there is limited experience in

Western population. Nonetheless, our investigation was

conducted utilizing already published antibodies and

protocols standardized for lung cancer, where the pre-

dictive role of ERCC1 is better depicted as compared to

gastric cancer [24]. In addition, heterogeneity in che-

motherapy regimens reported in the literature might also

account for these differences in outcome. Finally,

genetic polymorphisms have been shown to be closely

associated with clinical outcome in patients treated with

platinum/5FU-based chemotherapy, as multiple genes

are involved in drug metabolism with complex interplay

[35]. The enzyme TS has been associated with resis-

tance to fluoropyrimidines, and p53 gene is thought to

modulate the cytotoxic effects of 5FU, doxorubicin and

cisplatin. We found no significant correlation between

TS, p53 and clinical outcome. In gastric cancer, the role

of TS in predicting chemosensitivity remains contro-

versial. However, in advanced disease, high levels of TS

have been correlated with resistance to fluoropyrimi-

dines and poor outcome [36]. We observed that in

adjuvant setting, TS expression did not correlate with

the outcome in patients treated with 5FU chemotherapy

[37, 38]; however, these data are in contrast with other

reports [39]. In our cohort of gastric cancer patients

treated with a 5FU-based adjuvant regimen, TS was not

found to predict outcome.

Finally, the tumor suppressor p53 is speculated to

modulate the cytotoxic effects of 5FU, doxorubicin and

cisplatin [21, 40]. In advanced gastric cancer, there are

conflicting results of p53 expression in predicting response

to chemotherapy [41–44]: in patients treated with adjuvant

5FU-based chemotherapy, p53 overexpression was found

as a negative independent predictive factor of survival [45].

Table 2 ERCC1 and outcome

in curatively resected gastric

cancer patients treated with

adjuvant platinum-based

chemotherapy

Author No. Adjuvant ERCC1 Survival

Liu 57 Oxaliplatin Low expression OS: undefined versus 13 months, p = 0.007

Kim 149 Cisplatin Overexpression OS: HR 0.069, p = 0.021

Baek 44 Cisplatin Overexpression OS: undefined versus 20.4 months, p = 0.008

Bamias 67 Cisplatin Overexpression OS: 63.2 versus 18.8 months, p = 0.046
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On the contrary, our results revealed that the presence of

p53 mutations turned out to be not associated with survival.

In conclusion, our data demonstrates that patients

exhibiting low ERCC1 expression are more likely to ben-

efit from platinum-based adjuvant chemotherapy, in a

European population. If confirmed in a prospective study,

this critical finding could lead to use alternative chemo-

therapy regimens in patients with ERCC1 overexpressed

tumors, providing a more adequate treatment while

avoiding unnecessary toxicities.
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