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Abstract

BACKGROUND—Excision repair cross-complementing gene-1 (ERCC1) and thymidylate 

synthase (TS) are key regulatory enzymes whose expression patterns are associated with overall 

survival (OS) in several malignancies. Their expression patterns and prognostic value in resected 

gastric adenocarcinoma (GAC) are not known.

METHODS—In total, 109 patients who underwent resection for GAC between January 2000 and 

June 2011 had tissue available for analysis. The primary objective was to assess for the differential 

expression of ERCC1 and TS using immunohistochemistry. The secondary objective was to assess 

for the association between OS and the expression of ERCC1 and TS.

RESULTS—The median follow-up was 21.2 months, and the median OS was 28.8 months. 

Resected GAC exhibited differential expression of ERCC1 (high expression, 23%; n =25) and TS 

(high expression, 43%; n =47). ERCC1 and TS expression were not associated with OS. In a 

subset analysis of patients who received chemotherapy (n =73), high ERCC1 expression was 

associated with decreased OS (16.7 months vs 53.8 months; P =0.03). After controlling for known 

adverse pathologic features, high ERCC1 expression persisted as a negative prognostic factor in 

multivariate Cox regression analysis (hazard ratio, 2.5; 95% confidence interval, 1.03–6.0; P =.

04). Conversely, in patients who underwent resection only (n =35), high ERCC1 expression 

demonstrated a trend toward improved OS (40.4 months vs 12.7 months; P =.10); a positive 

prognostic influence also was present on multivariate analysis (hazard ratio, 0.20; 95% confidence 

interval, 0.04–0.86; P =.03).

CONCLUSIONS—Resected GAC exhibited differential expression of TS and ERCC1. Among 

all patients, ERCC1 and TS expression levels were not associated with OS. High ERCC1 tumor 
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expression was associated with decreased OS in the patients who received chemotherapy but was 

associated with increased OS in those who underwent surgery alone. ERCC1 expression had 

prognostic value in resected gastric cancer, and further investigation is warranted.
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INTRODUCTION

Gastric cancer remains the fourth most common cancer diagnosis worldwide and the second 

leading cause of cancer mortality.1 Surgery remains the mainstay of treatment for resectable 

gastric adenocarcinoma (GAC), although rates of recurrence remain persistently high, and 

overall survival (OS) remains poor. Over the past decade, multiple clinical trials have 

demonstrated an improvement in survival for patients with resected gastric cancer who 

receive chemotherapy in neoadjuvant or adjuvant settings or both. The Intergroup-0116 

study first demonstrated improved survival with the addition of adjuvant 5-fluorouracil (5-

FU) and radiation therapy versus surgery alone.2 The Medical Research Council Adjuvant 

Gastric Infusional Chemotherapy (MAGIC) trial subsequently demonstrated improved 

survival with a perioperative chemotherapy regimen of epirubicin, cisplatin, and 5-FU 

compared with surgery alone.3 The more recent Adjuvant Chemoradiation Therapy in 

Stomach Cancer (ARTIST) and Capecitabine and Oxaliplatin Adjuvant Study in Stomach 

Cancer (CLASSIC) trials have reinforced the potential survival benefits of platinum-based 

adjuvant regimens after resection of gastric cancer.4,5 Although a single standardized 

chemotherapy regimen for gastric cancer has not been uniformly adopted, most regimens 

typically involve 5-FU and/or a platinum agent.

Clinically significant molecular biomarkers with prognostic value—that is, biomarkers 

whose expression is independently associated with survival outcomes—have been identified 

in various malignancies, most notably in breast and lung cancers.6,7 Prognostic biomarkers 

often prove particularly valuable in early stage disease, in which they can help guide 

decisions regarding further adjuvant therapy or stratify patients who are enrolled in clinical 

trials.

Excision repair cross-complementing gene-1 (ERCC1) is a key component of the nucleotide 

excision repair pathway, which functions to excise bulky intra-strand and interstrand DNA 

adducts, such as those introduced by platinum drugs, that would otherwise interrupt cellular 

replication.8 Increased levels of ERCC1 have been associated with resistance to platinum 

agents.9 We recently demonstrated that ERCC1 expression was an independent prognostic 

marker for decreased OS after resection of early stage pancreas cancer.10,11 Studies 

regarding the prognostic role of ERCC1 expression for survival in gastric cancer to date 

have produced mixed results. High expression of ERCC1 in patients with advanced or 

metastatic gastric cancer has been associated with decreased survival in several studies,12,13 

whereas others have failed to demonstrate any association with ERCC1 expression and 

survival.14 In 2 recent studies of patients who received adjuvant, cisplatin-based 

chemotherapy after curative intent resection, high tumor ERCC1 expression again was 
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associated with decreased OS,15,16 whereas a third study reported the opposite; namely, that 

increased ERCC1 expression was correlated with improved survival.17

Thymidylate synthase (TS) is the rate-limiting enzyme in the pyrimidine nucleotide 

synthetic pathway for DNA and is a key target of fluoropyrimidine agents, such as 5-FU.18 

In patients with advanced colorectal cancer, TS has been identified as a prognostic marker, 

and increased TS expression is associated with worse OS.19,20 Studies assessing the 

association of TS expression with survival in patients with advanced gastric cancer have 

been limited, and, to date, only 3 small studies have examined TS expression in resected 

gastric cancer. One study demonstrated that decreased TS expression was associated with 

improved survival,21 whereas the remaining 2 studies identified no prognostic association 

between TS expression and OS.16,22 Given the heterogeneous and conflicting results of prior 

investigations and the inclusion of patients with metastatic disease in many of those studies, 

we sought to determine if resected GAC exhibited differential tumor expression of ERCC1 

or TS and whether expression patterns of these 2 biomarkers had prognostic value for OS.

MATERIALS AND METHODS

A prospectively maintained institutional database was used to identify all patients who 

underwent resection for GAC with curative intent between January 1, 2000 and June 1, 

2011. Patients who underwent palliative resection of advanced metastatic disease or who did 

not have tissue available for immunohistochemistry (IHC) were excluded from this analysis. 

Permission from the Emory University Institutional Review Board was obtained, and all 

research activities were conducted in compliance with the Health Insurance Portability and 

Accountability Act of 1996.

Medical records were reviewed to identify patient demographics, preoperative medical 

comorbidities, operative details, and pathologic features, including tumor size, tumor grade, 

margin status, the presence of lymphovascular invasion (LVI) or perineural invasion (PNI), 

and lymph node status. Treatment variables, including neoadjuvant and/or adjuvant 

chemotherapy regimens and radiation therapy, also were collected.

Survival outcomes were calculated from the date of surgery to the date of last follow-up or 

the date of death from any cause. The Social Security Death Index was used to supplement 

the medical record for evidence of patient mortality. Patients who died within 30 days of 

resection (n=1) were excluded from the OS analyses.

Immunohistochemistry

Formalin-fixed, paraffin-embedded samples of tumor tissue from each patient were reacted 

with anti-ERCC1 (clone 8F1; Thermo Fisher Scientific, Waltham, Mass) and anti-TS 

monoclonal antibodies (clone TS106; Dako Inc., Philadelphia, Pa) to determine tumor 

expression levels of ERCC1 and TS, respectively. IHC staining was quantified by a single 

pathologist (K.E.F.), who was blinded to outcomes, using a previously described, validated 

method for scoring IHC specimens on the basis of the percentage and intensity of cellular 

staining.23 All IHC scoring was subsequently reviewed and confirmed by a second, senior 

pathologist (A.B.F.), who also was blinded to patient outcomes. Overall scores were 

Squires et al. Page 3

Cancer. Author manuscript; available in PMC 2015 April 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



assigned on a 0 to 4 scale, and patients were dichotomized into a high-expression group 

(scores >2) and a low-expression group (scores ≤2).10

Statistical Analysis

Data analysis was conducted with Statistical Package for the Social Sciences 19.0 software 

(SPSS, Inc., Chicago, Ill). The primary outcome was OS. The association of ERCC1 or TS 

tumor expression with clinicopathologic features was assessed by using chi-square analysis 

for categorical variables and the Fisher exact test for continuous variables. Kaplan-Meier 

log-rank survival analysis was performed to evaluate the association of tumor expression of 

ERCC1 or TS with patient survival. Univariate and multivariate Cox regression analyses 

were performed to evaluate the prognostic association of known adverse pathologic factors, 

as well as biomarker expression profiles, with OS. Variables that reached an association of P 

≤.10 on univariate regression analysis were included in the multivariate model. Subset 

analyses with separate univariate and multivariate Cox regression models were performed 

for those patients who received perioperative therapy in addition to surgery and for those 

patients who underwent resection only. Statistical significance was defined as P ≤.05.

RESULTS

Demographic and pathologic characteristics are summarized in Table 1. The median patient 

age was 64 years (range, 23–85 years), and 60 patients (55%) were men. At the time of last 

follow-up, 55 patients (50%) had died. The median OS for all patients was 28.8 months, and 

the median follow-up for survivors was 21.2 months. One patient died within 30 days of the 

index operation and was excluded from survival analyses.

Seventy-three patients (67%) received some form of perioperative chemotherapy; 16 

patients (15%) received neoadjuvant chemotherapy, and 70 (64%) received adjuvant 

chemotherapy. Of those patients who received chemotherapy, 69 (94.5%) received 5-FU or 

capecitabine, and 28 (38%) received a platinum agent, such as cisplatin or oxaliplatin. Three 

patients (3%) received neoadjuvant radiation therapy, whereas 50 patients (46%) received 

adjuvant radiation therapy. All patients who received radiation therapy also received 

concurrent chemotherapy.

Forty patients (37%) underwent a total gastrectomy, and the remaining 69 patients (63%) 

underwent a subtotal gastrectomy. The majority of patients (n =88, 81%) underwent a D2 

lymph node dissection.

Sixty-four patients (59%) had tumors located in the body of the stomach, and 14 (13%) had 

tumors of the gastroesophageal junction (Table 1). Regarding pathologic features, 74 

patients (68%) had poorly differentiated tumors, 68 patients (62%) had positive lymph 

nodes, 57 patients (52%) had tumors that exhibited signet cell features, 37 patients (34%) 

had LVI present, 25 patients (23%) had PNI present, and 7 patients (6%) had 

microscopically positive resection margins. The median tumor size was 4.0 cm (range, 0.2–

15.0 cm). Regarding tumor classification,24 19 tumors were T1 (17.4%), 13 were T2 

(11.9%), 39 were T3 (35.8%), and 38 were T4 (34.9%).
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Biomarker Expression

On the basis of the previously defined categories for high and low expression,10 both 

ERCC1 and TS exhibited differential expression among resected gastric cancers. Twenty-

five patients (23%) had resected tumors that exhibited high ERCC1 expression, and 48 

patients (43%) had tumors with high TS expression. Neither ERCC1 expression nor TS 

expression demonstrated a significant association with any clinicopathologic variables 

(patient sex, age, American Society of Anesthesiology classification, tumor location, tumor 

size, histologic grade, Lauren classification, signet ring histology, T classification, LVI, 

PNI, and lymph node involvement) on the chi-square test for categorical variables or the 

Fisher exact test for continuous variables. Representative images of tumors that 

demonstrated high and low ERCC1 and TS expression by IHC are depicted in Figure 1.

Survival Analysis

On Kaplan-Meier log-rank survival analysis of the entire cohort, high ERCC1 tumor 

expression was not associated with OS (18.9 months vs 27.2 months; P =.72) (Fig. 2a). 

Similarly, high TS expression also was not associated with OS (24.3 months vs 28.8 months; 

P =.88) (Fig. 2b). On planned subset analysis of the 73 patients who received some form of 

additional therapy, 16 patients (22%) exhibited high tumor ERCC1 expression. Within that 

group, high ERCC1 expression was associated with significantly decreased OS (16.7 months 

vs 53.8 months; P =.03) (Fig. 3a). After evaluating the known, adverse pathologic factors of 

tumor size, margin, grade, T classification, lymph node involvement, and the presence of 

LVI or PNI, and including those which were identified as significant on univariate analysis, 

the negative prognostic value of high ERCC1 expression persisted on multivariate Cox 

regression analysis (hazard ratio [HR], 2.2; 95% confidence interval [CI], 1.05–4.98; P =.

048) (Table 2). In a similar subset analysis of those patients who underwent resection only 

(n =35), high ERCC1 expression demonstrated a trend toward improved OS (40.4 months vs 

12.7 months; P =.10) (Fig. 3b). This positive prognostic value of high ERCC1 expression 

also was present on multivariate analysis (HR, 0.20; 95% CI, 0.05–0.84; P =.03) (Table 3). 

TS expression was not associated with survival on subset analysis.

A separate subset analysis was performed on the basis of ERCC1 expression. Within the 

subset of 25 patients who exhibited high tumor ERCC1 expression, patients who received 

some form of additional therapy (n =16) demonstrated a trend toward decreased OS 

compared with those who underwent resection only (n =9; 16.7 months vs 40.4 months; P =.

06) (Fig. 4a). On univariate and multivariate regression analysis examining the above-

mentioned adverse pathologic factors within the high ERCC1 expression subset, the 

administration of additional therapy also demonstrated a trend toward an association with 

decreased OS (HR, 3.40; 95% CI, 0.85–13.55; P =.08) (Table 4). Within the subset of 83 

patients who had low tumor ERCC1 expression, the patients who received some form of 

additional therapy (n =57) demonstrated significantly improved OS compared with the 

patients who underwent resection only (n=26), (53.8 months vs 12.7 months; P =.004) (Fig. 

4b). The positive prognostic association of additional therapy within the low ERCC1 

expression subset persisted on univariate and multivariate regression analyses (HR, 0.27; 

95% CI, 0.13–0.55; P <.001) (Table 5).
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DISCUSSION

Given the high rates of recurrence and poor survival still associated with resected GAC, 

prognostic factors that can guide treatment decisions are needed. Expression patterns of 

molecular biomarkers offer a potentially improved means of providing prognostic 

information beyond that of traditional clinicopathologic data. In the current study, we 

demonstrated the differential expression profiles of ERCC1 and TS in resected gastric 

cancer and the potential prognostic value of ERCC1 expression in select populations.

TS holds promise as a prognostic biomarker because of its role as the molecular target of 5-

FU, a commonly used chemotherapeutic agent in gastric cancer. Similar studies of TS 

expression in advanced colorectal cancer demonstrated its prognostic value for survival,19,25 

but limited studies in gastric cancer to date have not produced similar results.12,21 In the 

current study, TS expression failed to demonstrate prognostic value for survival among all 

patients or on subsequent subset analysis of patients who received adjuvant therapy versus 

those who underwent resection alone.

It is known that ERCC1 expression correlates with resistance to platinum-based 

chemotherapy, and it has been demonstrated that increased tumor ERCC1 expression has an 

association with decreased survival after resection of pancreatic adenocarcinoma.10 In the 

current study, ERCC1 expression was not associated with survival on initial analysis of all 

patients but did demonstrate prognostic value in subset analyses. High tumor expression of 

ERCC1 was associated significantly with decreased OS among patients who received 

adjuvant treatment along with resection. On univariate and multivariate analysis evaluating 

other known adverse pathologic factors of tumor size, positive margin status, lymph node 

involvement, PNI, LVI, tumor grade, and pathologic T classification, high ERCC1 

expression retained its significant association with decreased OS. Among patients who 

underwent resection only, high ERCC1 tumor expression had the opposite effect, 

demonstrating a trend toward improved OS. When evaluating patient subsets on the basis of 

high versus low ERCC1 tumor expression, a similar dichotomous correlation emerged. 

Among patients who had high ERCC1 tumor expression, those who received any therapy in 

addition to surgery demonstrated a trend toward decreased OS compared with those who 

underwent resection only. Conversely, in patients who had low ERCC1 tumor expression, 

the addition of other therapy was associated with significantly improved OS versus resection 

alone.

This dichotomous association of tumor ERCC1 expression and survival, depending on 

treatment modality, has been observed previously in patients with non-small cell lung cancer 

(NSCLC). In a study by Simon et al evaluating ERCC1 expression patterns in patients who 

underwent resection only for NSCLC, high tumor expression of ERCC1 was associated with 

significantly improved OS.26 Those authors hypothesized that increased ERCC1 expression 

may indicate preservation of a functional DNA nucleotide excision repair pathway in these 

tumors, thus preventing excessive accumulation of mutations and maintaining a more 

indolent tumor phenotype associated with greater OS. In a large cohort of patients from the 

International Adjuvant Lung Cancer Trial, Olaussen et al examined the expression patterns 

of ERCC1 in patients with resected NSCLC who were randomized to receive adjuvant 
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cisplatin-based chemotherapy versus observation.27 Although ERCC1 expression did not 

demonstrate significant prognostic value among the entire cohort, subset analyses of the 2 

treatment arms demonstrated that, in patients who received adjuvant cisplatin, low ERCC1 

expression was associated with improved OS. Conversely, in patients who underwent 

resection only, similar to what was reported by Simon et al,26 high ERCC1 expression was 

associated with better OS.27 The findings from our study in resected gastric cancer mirror 

the findings in NSCLC. These data suggest that low tumor ERCC1 expression may be 

advantageous for patients who receive adjuvant therapy, whereas high tumor ERCC1 

expression may be protective for patients who undergo surgery alone.

In a recent prospective trial in which patients with advanced NSCLC were randomized to 

treatment with a chemotherapy regimen that was tailored to the patient’s specific expression 

pattern of ERCC1 and other biomarkers versus standard chemotherapy regimen, a survival 

advantage was demonstrated for this “personalized” therapeutic approach.28 In gastric 

cancer, stratification of patients by biomarker expression also may allow for the 

identification of populations that will most benefit from adjuvant therapy, potentially better 

guiding the use of perioperative chemotherapy and/or postoperative chemoradiotherapy 

beyond endoscopic ultrasound staging and standard histopathologic tumor and lymph node 

classifications, respectively.

A potential limitation of the current study is the semiquantitative nature of IHC analysis of 

biomarker expression levels. In an attempt to minimize scoring discrepancies, 2 

pathologists, both blinded to patient outcomes, scored all specimens using a previously 

validated IHC scoring system. Although the measurement of bio-marker messenger RNA 

levels by polymerase chain reaction can provide additional information, IHC analysis is 

more widely available and more easily incorporated into clinical practice. An additional 

limitation of the study is the relatively short follow-up time, although it does approach 2 

years. Given the wide range of several confidence intervals, it is difficult to project whether 

these confidence intervals may narrow or widen with longer follow-up. The study sample 

size also was relatively small, especially on subset analyses, although our cohort was 

comparable or larger than other similar biomarker expression profile studies, given the rarity 

of resected GAC.

The conclusions of the study were limited by its retrospective nature, which did not allow 

for examination of the predictive value of ERCC1 or TS expression for specific treatment 

regimens including platinum or 5-FU, respectively. Also, because ours is a tertiary academic 

referral center, many patients who are treated at our institution are referred from community 

oncology practices across a large geographic area, making standardization of a single 

neoadjuvant or adjuvant regimen difficult and continued patient follow-up challenging. 

Because most patients did not receive a platinum-based regimen, the predictive value of 

ERCC1 expression in gastric cancer for response to platinum agents could not be evaluated. 

Another limitation is that 16 patients received neoadjuvant chemotherapy, and the potential 

effect that such treatment may have on expression levels of ERCC1 and TS in the resected 

tumor is unknown. Future studies with a more homogenous treatment population should 

evaluate the role of ERCC1 expression for predicting the response to platinum therapy. 

Moving forward, an ideal prospective trial would assess ERCC1 expression on initial 
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diagnostic biopsy specimens before patients with locoregionally advanced disease receive 

neoadjuvant chemotherapy with a standardized platinum-containing regimen. After surgical 

resection, ERCC1 expression should then be re-evaluated in the resected tumor specimen to 

investigate the effect of chemotherapy-induced changes on the expression profile.

Our current findings suggest that tumor ERCC1 expression may have a valuable prognostic 

role in patients with resectable gastric cancer. The effect of ERCC1 expression may be 

related to the treatment modality administered, similar to what has been observed in 

NSCLC. Given the study design, the results of this study are not definitive but, rather, are 

hypothesis-generating and, thus, warrant further exploration. Future prospective 

investigations are needed to evaluate the role of ERCC1 expression in guiding treatment 

decisions for patients with resected GAC.
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Figure 1. 
Tumor expression levels of excision repair cross-complementing gene-1 (ERCC1) and 

thymidylate synthase (TS) were evaluated using immunohistochemistry. Representative 

images are depicted (original magnification ×400). (a) Low ERCC1 expression was 

observed in 84 patients (77%), (b) high ERCC1 expression was observed 25 patients (23%), 

(c) low TS expression was observed in 61 patients (57%), and (d) high TS expression was 

observed in 48 patients (43%).
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Figure 2. 
(a) Tumor expression of excision repair cross-complementing gene-1 (ERCC1) and overall 

survival (OS) are illustrated for all patients (n =108). NS indicates nonsignificant. (b) Tumor 

thymidylate synthase (TS) expression and OS are illustrated for all patients (n =108).
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Figure 3. 
These Kaplan-Meier survival curves illustrate a subset analysis of tumor excision repair 

cross-complementing gene-1 (ERCC1) expression and overall survival (OS). Median OS is 

reported. (a) ERCC1 expression and OS is illustrated for patients who received additional 

therapy (n =73). (b) ERCC1 expression and OS are illustrated for patients who underwent 

resection only (n=35).
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Figure 4. 
These Kaplan-Meier survival curves illustrate a subset analysis of overall survival (OS) 

according to treatment modality for patients who underwent surgery and also received 

additional therapy versus patients who underwent resection only. (a) OS is illustrated for 

patients who had high excision repair cross-complementing gene-1 (ERCC1) tumor 

expression (n =25) according to treatment modality. (b) OS is illustrated for patients who 

had low ERCC1 tumor expression (n =83) according to treatment modality.
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TABLE 1

Demographic and Clinicopathologic Characteristics, n = 109

Variable No. of Patients (% of Total Cohort)

Sex

 Men 60 (55)

 Women 49 (45)

Race

 White 50 (45.9)

 Black 45 (41.3)

 Other 14 (12.8)

Age: Median [range], yrs 63.6 [23.5–84.8]

ASA classification

 2 24 (22)

 3 82 (75.2)

 4 3 (2.8)

Perioperative characteristics

 Operation type

  Total 40 (36.7)

  Subtotal 69 (63.3)

 Lymph node dissection type

  D0 7 (6.4)

  D1 14 (12.8)

  D2 88 (80.7)

Pathologic characteristics

 Tumor location

  GE junction 14 (12.8)

  Cardia 2 (1.8)

  Body 64 (58.7)

  Antrum 28 (26.6)

 Tumor size: Median [range], cm 4.0 [0.2–15.0]

 Resection margin

  R0 102 (93.6)

  R1 7 (6.4)

 Tumor grade

  1: Well differentiated 5 (4.6)

  2: Moderately differentiated 30 (27.5)

  3: Poorly differentiated 74 (67.9)

 Tumor type

  Diffuse 18 (16.4)

  Intestinal 31 (28.2)

 Signet ring histology 57 (52.3)

 Tumor classification: AJCC 7th edition
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Variable No. of Patients (% of Total Cohort)

  T1a 4 (3.7)

  T1b 15 (13.8)

  T2 13 (11.9)

  T3 39 (35.8)

  T4a 30 (27.5)

  T4b 8 (7.3)

 TNM stage: AJCC 7th edition

  I 24 (22)

  II 31 (28.4)

  III 53 (48.6)

 Lymphovascular invasion 37 (33.9)

 Perineural invasion 25 (22.9)

 Lymph node-positive disease 68 (62.4)

Perioperative Treatment characteristics

 Any adjuvant treatment: Preoperative or postoperative 73 (66.9)

 Neoadjuvant chemotherapy 16 (14.7)

 Neoadjuvant radiotherapy 3 (2.7)

 Adjuvant chemotherapy 70 (64.2)

 Adjuvant radiotherapy 50 (45.8)

Abbreviations: ASA, American Society of Anesthesiologists; GE, gastroesophageal.
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TABLE 2

Univariate and Multivariate Cox Regression Models for Overall Survival in Patients Receiving Additional 

Therapy, n = 73

Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Tumor size 1.04 (0.93–1.17) .45

Positive margin 7.84 (2.75–22.34) <.001a 7.31 (2.53–21.13) <.001a

Positive lymph node(s) 1.92 (0.78–4.69) .15

Perineural invasion 1.31 (0.56–3.09) .53

Lymphovascular Invasion 1.02 (0.47–2.24) .95

Tumor grade 1.55 (0.67–3.62) .31

Tumor classification 2.83 (0.78–10.19) .11

High ERCC1 expression 2.39 (1.08–5.33) .03a 2.22 (1.05–4.98) .048a

Abbreviations: CI, confidence interval; ERCC1, excision repair cross-complementing gene-1; HR, hazard ratio.

a
These P values indicate statistical significance.
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TABLE 3

Univariate and Multivariate Cox Regression Models for Overall Survival in Patients Undergoing Resection 

Only, n = 35

Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Tumor size 1.17 (1.02–1.33) .03a 1.24 (1.05–1.47) .01a

Positive margin 3.24 (0.71–14.89) .13

Positive lymph node(s) 1.91 (0.80–4.58) .15

Perineural invasion 1.71 (0.62–4.76) .30

Lymphovascular invasion 4.33 (1.72–10.89) .002a 3.35 (1.19–9.40) .02a

Tumor grade 1.79 (0.73–4.38) .20

Tumor classification 4.27 (1.24–14.69) .02a 2.33 (0.54–10.05) .26

High ERCC1 expression 0.41 (0.14–1.24) .10a 0.20 (0.05–0.84) .03a

Abbreviations: CI, confidence interval; ERCC1, excision repair cross-complementing gene-1; HR, hazard ratio.

a
These P values indicate statistical significance.
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TABLE 4

Univariate and Multivariate Cox Regression Models for Overall Survival in Patients With High Expression of 

ERCC1, n = 25

Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Tumor size 1.06 (0.91–1.25) .46

Positive margin 15.31 (2.12–110.42) .01a 11.46 (1.47–89.48) .02a

Positive lymph node(s) 1.50 (0.45–4.93) .51

Perineural invasion 2.66 (0.70–10.12) .10a 3.73 (0.86–16.22) .08

Lymphovascular invasion 1.30 (0.33–4.89) .72

Tumor grade 2.12 (0.56–7.95) .27

Tumor classification 2.52 (0.55–1.55) .24

Any additional therapy 3.26 (0.89–11.98) .08a 3.40 (0.85–13.55) .08

Abbreviations: CI, confidence interval; HR, hazard ratio.

a
These P values indicate statistical significance.
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TABLE 5

Univariate and Multivariate Cox Regression Models for Overall Survival in Patients With Low Expression of 

ERCC1, n = 83

Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Tumor size 1.11 (0.99–1.23) .06a 1.12 (0.99–1.26) .06

Positive margin 5.12 (1.89–13.89) .005a 3.08 (1.08–8.76) .04a

Positive lymph node(s) 1.79 (0.91–3.54) .09a 1.99 (0.92–4.33) .08

Perineural invasion 1.25 (0.58–2.66) .57

Lymphovascular invasion 1.93 (1.01–3.69) .05a 1.63 (0.83–3.21) .16

Tumor grade 1.26 (0.64–2.45) .50

Tumor classification 1.99 (0.93–4.26) .08a 1.72 (0.75–3.93) .20

Any additional therapy 0.41 (0.22–0.77) .005a 0.27 (0.13–0.55) <.001a

Abbreviations: CI, confidence interval; HR, hazard ratio.

a
These P values indicate statistical significance.
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