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Abstract

Purpose: This study aimed to investigate the relationship between DNA damage response (DDR)
related protein expression and clinical outcomes of patients with stage Il and |l gastric cancer undergoing
gastrectomy.

Materials and Methods: From January 2005 to December 2017, 217 gastrectomized patients with
stage |l and Il gastric cancer were analyzed for disease-free and overall survival (DFS and OS,
respectively) based on their DDR expression status. We performed the immunohistochemical
assessment of MLH1, MSH2, at-rich interaction domain 1 (ARIDA), poly adenosine diphosphate-ribose
polymerase 1 (PARP-1), breast cancer susceptibility gene | (BRCAI), and ataxia-telangiectasia mutated
(ATM) using formalin-fixed paraffin-embedded (FFPE) samples.

Results: Among the 217 patients studied, the most common DDR gene whose expression was
suppressed was high PARP-1 (n =120, 55.3%), followed by ATM (n = 62, 28.6%), ARID 1A (n = 45, 20.7%),
MLHI (n = 33, 15.2%), BRCAI (n = 25, 11.5%), and MSH2 (n = 9, 4.1%). The low-expression PARP-1
group exhibited a significantly shorter 5-year OS rate than the high-expression PARP-1 group (48.1% vs.
62.7%; HR 1.519, 95% Cl = 1.011-2.283, P = 0.044). In the multivariate OS analysis, TNM stage (Il vs. llI)
(HR =5.172,P < 0.001), low PARP-1 expression (HR = 1.697, P = 0.013) and adjuvant chemotherapy (HR
=0.382, P < 0.001) were the only significant prognostic factors.

Conclusions: Low PARP-1 expression level could be an indicator of poor prognosis in gastrectomized
patients with stage Il and |ll gastric cancer.

Key words: DNA damage response (DDR), Poly adenosine diphosphate-ribose polymerase 1 (PARP-1), Gastric
cancer, Survival, Gastrectomy

Introduction

Gastric cancer is reportedly the fifth most
common cancer and the third leading cause of
cancer-related deaths worldwide [1]. At present,
surgical resection and D1 or D2 gastrectomy are the
main treatment approaches for stage II and III gastric
cancer. However, even after curative resection, the
5-year survival rate is approximately 40-78% [2, 3].

Adjuvant chemotherapy is the standard treatment
associated with resectable gastric cancer therapy; it
has been reported to improve patient survival [3].
Adjuvant treatment reduces both distant and
locoregional recurrences, although its related 5-year
disease-free survival rate is poor (53-68%) [4].
However, despite its potential relevance, no clinically
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relevant survival- and post-surgical relapse-related
prognostic marker for gastric cancer has been
identified yet.

When DNA damage occurs, DNA damage
response (DDR) is activated within a cell cycle
checkpoint [5]. Defects in DDR could allow cell
survival or the continuous growth of cancer cells [6].
DDR-related proteins, such as MLH1, MSH2 [7],
AT-rich interaction domain 1A (ARID1A) [8], poly
[ADP-ribose] polymerase 1 (PARP-1) [9], breast
cancer susceptibility gene (BRCA1) [10], and
ataxia-telangiectasia mutated protein (ATM) may
allow cancer cells to evade physiological cell cycle
checkpoints and facilitate cancer cell survival and
proliferation.

DDR expression has been correlated with an
improved response to cisplatin-based chemotherapy
in urothelial cancer [11]. Genomic alterations in DNA
response and repair-associated genes predicted
responses and clinical benefits after cisplatin-based
chemotherapy for bladder cancer. Low ATM
expression levels were associated with poor overall
5-year survival in patients with gastric cancer
undergoing curative surgical resection [12] and in
patients with advanced gastric cancer undergoing
palliative 1¢t line XELOX therapy [13]. Recently, the
phase III GOLD trial failed to show survival benefits
in gastric cancer after first-line chemotherapy with
olaparib [14].

Accordingly, it may be hypothesized that
DDR-related protein defects are associated with poor
survival in gastrectomized patients with stage 1I and
III gastric cancer. Therefore, we investigated the
relationship between the expression of DDR and
gastric cancer patient survival to determine the

survival-associated =~ prognostic = potential = of
DDR-related proteins.
Materials and Methods

Patients

A total of 217 patients with stage II and III
primary gastric cancer were enrolled in this study,
who had undergone D2 radical gastrectomy at the
Chung-Ang University Hospital, between January
2005 and December 2017. The diagnosis of gastric
cancer was confirmed by pathological staining. The
cancer staging was performed according to the 7t
edition of the American Joint Committee on Cancer
[15]. Patients with distant metastasis, such as liver
metastasis, or peritoneal seeding were excluded.
Adjuvant chemotherapy was the standard treatment
for gastrectomized patients with stage II and III
gastric cancer (unless the patient refused to undergo
chemotherapy). This study was approved by the

Institutional Review Board of Chung-Ang University
Hospital (IRB number: 1981-005-382).

Immunohistochemistry

The immunohistochemical assessment of MLH1,
MSH2, ARID1A, PARP-1, BRCA1l, and ATM was
performed using formalin-fixed paraffin-embedded
(FFPE) tissue samples (Fig. S1).

The mismatch repair proteins MLH1 and MSH?2
were scored based on the following threshold:
positive when staining was detected in 10% or more
of the tumor cell nuclei; negative when staining was
detected in less than 10% of the tumor cell nuclei [16].

The PARP-1 staining was scored based on the
staining intensity as follows: 0 (negative), 1 (weak), 2
(moderate), and 3 (strong). The percentage of staining
distribution of each marker within the tumor cells was
recorded. A histochemical (H) score was then
calculated as follows: (1 percentage weak), (2
percentage moderate), and (3 percentage strong). The
H-score is representative of the overall staining
intensity ranges from 0 to 300 [17]. The PARP-1
staining was scored as follows: positive or high
expression, staining achieving H-scores of more than
175; negative or low expression, staining achieving
H-scores of less than 175.

The ARIDIA staining was scored as follows:
negative, undetectable; positive, no loss and focal loss
[18]. The BRCA1 staining was scored as follows:
negative, staining in less than 5% of the tumor cell
nuclei; positive, staining in more than 5% of the tumor
cell nuclei [19]. The ATM assay was evaluated based
on the nuclear signal, with the percentage of weakly
stained cells over a range of 0-300. A dichotomous
classification system was devised whereby the cases
were classified as follows: negative, intensity staining
in < 10% of the cancer cells (H-score < 10) [20];
positive, staining in more than 10% of the cancer cells.

Assessment

Clinicopathological data, including patient age,
sex, tumor-node-metastasis (TNM) stage, lymphatic
invasion, venous invasion, perineural invasion, type
of surgery, adjuvant chemotherapy, and
chemotherapy regimen, were obtained retrospectively
from medical records. The clinical outcomes included
overall and disease-free survival (OS and DFS,
respectively). OS was defined as the period between
the gastrectomy and the time of death from any cause.
DFS was defined as the period between the
gastrectomy and the time of the recurrence of gastric
cancer, distant metastasis, diagnosis of another
cancer, or death from any cause.

Statistical analyses

Hazard ratios (HRs) and their corresponding
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95% confidence intervals (CI) were stratified using a
Cox proportional hazards regression model.
Multivariate Cox regression models were constructed
for testing significant variables based on the following
criterion: P-value < 0.1 (for univariate analysis). The
level of statistical significance was defined at P < 0.05.
The Kaplan-Meier method was used to estimate the
OS and DFS. All statistical analyses were performed
using the Statistical Package for Social Sciences (SPSS)
version 26.0 (IBM Corp., Armonk, NY, USA).

Results

Patients

The baseline characteristics of the patients are
shown in Table 1. The median age was 67 years
(ranging between 30-90) and 151 participants (69.6%),
among the 217 patients studied in total, were men.
The histological differentiation of the different cancer
types was performed in the 217 patients. The depth of
tumor invasion was evaluated as follows: 5.5% as T1
(n =12, the tumor invades the mucosa or submucosa),
9.7% as T2 (n = 21, the tumor invades the muscularis
propria), 47.0% as T3 (n = 102, the tumor invades the
subserosal connective tissue without invading the
visceral peritoneum or the adjacent structures), and
37.8% as T4 (n = 82, the tumor invades the serosa or
the adjacent organs and structures). Lymph node
metastasis was detected in 171 patients (78.8%), and
184 gastrectomized patients (84.8%) received adjuvant
chemotherapy.

Expression of DDR-related proteins

Fig. 1 shows the relationship between the protein
expression levels of MLH1, MSH2, ARID1A, PARP-1,
BRCA1, and ATM and occurrence of gastric cancer.
The most commonly mutated DDR expression was
high PARP-1 (n = 120, 55.3%), followed by ATM (n =
62, 28.6%), ARID1A (n = 45, 20.7%), MLH1 (n = 33,
15.2%), BRCA1 (n = 25, 11.5%), and MSH2 (n = 9,
4.1%). Low PARP-1 expression levels did not depend
on the following factors: an age of 65 years or older (P
= 0.443) and sex (P = 0.692).

Association of PARP-1 and other DDR-related
protein expressions with survival

The cutoff time for the analyses was January
2020, resulting in a median follow-up of 69.0 months
(95% CI = 63.7-74.2 months) including the death of 95
patients (43.8%). The median OS and DFS were 89.0
months (95% CI = 81.1-100.3 months) and 60.0
months (95% CI = 25.0-94.9 months), respectively.
One hundred and eight patients (49.8%) relapsed or
died during the follow-up period. We evaluated the
association between the expression of other
DDR-related s MLH1, MSH2, ARID1A, BRCA1, and

ATM and survival but observed no statistically
significant difference.

The low-expression PARP-1 group exhibited a
significantly shorter 5-year OS rate than the
high-expression PARP-1 group (48.1% vs. 62.7%; HR
1.519, 95% CI = 1.011-2.283, P = 0.044). (Fig. 2A).
Although these differences were not statistically
significant, the low PARP-1 expression levels were
marginally associated with a shorter median DFS,
compared to the high PARP-1 expression levels (36.0
months vs. 96.0 months, HR 1.443, 95% CI = 0.998-
2.109, P = 0.058) (Fig. 2B).

Table 1. Baseline characteristics.

Characteristics Total (n =217)

Age - years

median 67

range 30-90
Age> 65 121 (55.8%)
Sex, n (%)

Male 151 (69.6%)
Female 66 (30.4%)
Histological differentiation

Well differentiation 4 (1.8%)
Moderated differentiation 74 (34.1%)
High differentiation 116 (53.5%)
Signet ring cell 18 (8.3%)
Other 5(2.3%)
Invasion depth

T1 12 (5.5%)
T2 21 (9.7%)
3 102 (47.0%)
T4 82 (37.8%)
Lymph node metastasis

Negative 46 (21.2%)
Positive 171 (78.8%)
Lymphatic invasion

Negative 71 (32.7%)
Positive 146 (67.3%)
Venous invasion

Negative 78 (35.9%)
Positive 139 (64.1%)
Perineural invasion

Negative 88 (40.6%)
Positive 129 (59.4%)
TNM stage

I 98 (45.2%)
111 119 (54.8%)
Surgery

Total gastrectomy 75 (34.6%)
Subtotal gastrectomy 142 (65.4%)
Adjuvant chemotherapy

No 33 (15.2%)
Yes 184 (84.8%)
Adjuvant chemotherapy regimen N=184(100%)
FL 25 (13.6%)
S-1 84 (45.7%)
XELOX 57 (31.0%)
FOLFOX 4(2.2%)
Other 14 (7.6%)

TNM: tumor-node-metastasis; FL: 5-fluorouracil and leucovorin; XELOX:
capecitabine and oxaliplatin; FOLFOX: 5-fluorouracil, leucovorin, and oxaliplatin.

The univariate OS analysis of the potential
prognostic impact of the clinicopathological
parameters identified TNM stage, age, sex, lymph
node metastasis, lymphatic invasion, perineural
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invasion, venous invasion, PARP-1, and adjuvant
chemotherapy as significant predictors of OS (Table
2). In the multivariate OS analysis, TNM stage (II vs.
II) (HR = 5.172, P < 0.001), low PARP-1 expression
level (HR = 1.697, P = 0.013), and adjuvant
chemotherapy (HR = 0.382, P < 0.001) were the only
significant prognostic factors.

Table 2. Univariate and Multivariate Cox regression models for
the analysis of factors affecting overall survival.

Univariate Cox Multivariate Cox
Regression model Regression model
HR (95% CI) P-value HR (95% CI) P-value

Univariate Cox

Multivariate Cox

Regression model

Regression model

HR (95% CI) P-value HR (95% CI) P-value

MSH2 High vs. Low  0.599 0.384
(0.189-1.898)
ARID1A High vs. Low  1.041 0.871
(0.640-1.693)
PARP-1 Highvs. Low 1519 0.044  1.697 0.013
(1.011-2.283) (1.120-2.573)
BRCA1 Highvs. Low 1312 0.364
(0.730-2.359)
ATM High vs. Low  0.946 0.809
(0.605-1.480)
Adjuvant No vs. Yes 0.323 <0.001 0.382 <0.001
Chemotherapy (0.201-0.520) (0.233-0.625)

ARID1A: AT-rich interaction domain 1; PARP-1: Poly adenosine
diphosphate-ribose polymerase 1; BRCA1: Breast cancer susceptibility gene 1;
ATM: ataxia-telangiectasia mutated.

Stage I vs. 11T 4858 <0.001 5172 <0.00L

(2.929-8.055) (2.608-10.256) o ] ]
Age <65vs.265 1606 0027 1503 0.070 The univariate DFS analysis of the potential

(1.054-2.448) (0-968-2.336) prognostic impact of the clinicopathological
Sex Male vs. Female 1.226 0.349 . g

(0.800-1.879) parameters identified TNM stage, age, sex, lymph
Lymphnode  Novs. Yes 3.143 0.001  1.069 0.883 node metastasis, lymphatic invasion, perineural
N Nove.v 51;850‘6‘251) 0008 80;327‘2615) 030 invasion, venous invasion, and  adjuvant

mphatic 0 Vs. Yes . .| . g . (e .

imvasion (1.180-3.074) (0.195-1.738) chemotherapy as significant predictors of DFS (Table
Perineural No vs. Yes 1.769 0012 0922 0.752 3). In the multivariate DFS analysis, TNM stage (HR =
mvasion (1.131-2.767) (0.559-1.522) 3.881, P < 0.001), low PARP-1 expression (HR = 1.547,
Venous invasion No vs. Yes 1.903 0.007 1.519 0.428 .

(1196-3.027) (0.540-4.271) P = 0.026), and adjuvant chemotherapy (HR = 0.596, P
MLH1 Highvs.Low  0.976 0.930 = 0.032) were found to be the only significantly

(0560-1.6%) prognostic factors.
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Figure 1. Relationship between the expression levels of six DDR biomarkers (MLH1, MSH2, ARID1A, PARP-1, BRCAI, and ATM) (n = 217).
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Figure 2. Low PARP-1 expression levels were associated with significantly shorter overall survival in patients with stage Il and Ill gastric cancer (A). The disease-free survival was
differentiated on the basis of PARP-1 expression (B).
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Prognostic value of PARP-1 expression based
on adjuvant chemotherapy

Of the patients with stage Il and III gastric cancer
who did not receive adjuvant chemotherapy, the
low-expression PARP-1 group had significantly
shorter ~median overall survival than the
high-expression PARP-1 group (14.0 months vs. 49.0
months, HR = 2.659, 95% CI = 1.085-6.517, P = 0.032)
(Fig. 3A). However, the 5-year overall survival rate in
patients who had received adjuvant chemotherapy
did not significantly differ between the low- and
high-PARP-1 expression groups (59.2% vs. 64.9%, HR
=1.217,95% CI = 0.760-1.949, P = 0.413) (Fig. 3B).

Impact of PARP-1 expression and other
DDR-related protein expressions on adjuvant
chemotherapy regimen

184 patients received adjuvant chemotherapy
after gastrectomy. For 72 patients who received
adjuvant  oxaliplatin-based  chemotherapy for
resectable gastric cancer. The 5 year OS rate and 5 year
DEFS rate with adjuvant based chemotherapy for these
72 patients were 62.3% and 56.8%, respectively (Fig.
4). In low PARP-1 expression group, oxaliplatin based
adjuvant chemotherapy group had not significantly
different 5 year OS rate than no oxaliplatin based
adjuvant chemotherapy group (63.9% vs. 54.9%, HR =
0.716, 95% CI= 0.331-1.547, P = 0.395) (Fig. 5A). In low
PARP-1 expression group, oxaliplatin based adjuvant
chemotherapy group had not significantly different
DFS than no oxaliplatin based adjuvant
chemotherapy group (74 months vs. 45 months, HR =
0.788, 95% CI=0.389-1.594, P = 0.507) (Fig. 5B).

In low BRCA expression group, oxaliplatin
based adjuvant chemotherapy group had not
significantly different median 5 year OS than no
oxaliplatin based adjuvant chemotherapy group (74.0
months vs. 43.0 months, HR 0.993, 95% CI=

A No Chemotherapy

0.296-3.333, P = 0.992).

In low ATM expression group, oxaliplatin based
adjuvant chemotherapy group had not significantly
different 5 year OS rate than no oxaliplatin based
adjuvant chemotherapy group (40.0% vs. 72.0%, HR =
2.414, 95% CI= 0.987-5.907, P = 0.054).

Table 3. Univariate and Multivariate Cox regression models for
the analysis of factors affecting disease-free survival.

Univariate Cox Multivariate Cox

Regression model Regression model

HR (95% CI) P-value HR (95% CI) P-value

1001
;‘2 P =0.032
= 754
(4]
2
% 50 l_
T
T 254
6 —— PARP-1 (High)
—— PARP-1 (Low)
0 L L} T L]
0 12 24 36 48 60
Number at risk Months
PARP-1 (High) 14 1" 9 5 5 4
PARP-1 (Low) 17 10 6 4 2 0

Stage I vs. III 4.047 <0.001 3.881 <0.001
(2.583-6.342) (2.109-7.142)
Age <65 vs. 265 1.572 0.024  1.489 0.054
(1.063-2.324) (0.994-2.232)
Sex Male vs. Female 1.163 0.460
(0.779-1.735)
Lymph node No vs. Yes 2410 0.003  0.864 0.716
(1.350-4.305) (0.393-1.900)
Lymphatic No vs. Yes 1.932 0.004  0.666 0.408
invasion (1.235-3.024) (0.254-1.744)
Perineural No vs. Yes 2.023 0.001  1.245 0.352
invasion (1.327-3.085) (0.785-1.974)
Venous invasion No vs. Yes 2.017 0.002  1.535 0.348
(1.304-3.120) (0.627-3.756)
MLH1 Highvs. Low  0.867 0.609
(0.501-1.499)
MSH2 Highvs. Low  0.556 0.317
(0.176-1.758)
ARIDI1A Highvs. Low  1.059 0.805
(0.672-1.668)
PARP-1 High vs. Low  1.443 0.058  1.547 0.026
(0.988-2.109) (1.054-2.270)
BRCA1 Highvs.Low  1.279 0.377
(0.741-2.208)
ATM High vs.Low  1.065 0.768
(0.768-1.065)
Adjuvant No vs. Yes 0.452 0.001  0.59 0.032
Chemotherapy (0.285-0.718) (0.371-0.957)

ARID1A: AT-rich interaction domain 1; PARP-1: Poly adenosine
diphosphate-ribose polymerase 1; BRCA1: Breast cancer susceptibility gene 1;
ATM: ataxia-telangiectasia mutated.

B Chemotherapy
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Figure 3. The overall survival of patients with stage Il and Il gastric cancer exhibiting high compared with those exhibiting low PARP-1 expression levels. Patients not having

received (A) and having received adjuvant chemotherapy (B).
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Figure 4. Overall survival (A) and disease free survival (B) according to oxaliplatin based adjuvant chemotherapy.

A B
1004 —~ 100+
£
s P=0.395 = P =0.507
= 754 > 754
2 =
2 PR RY)
€ 504 o 501 I
] @
= =
[ [}
o 25- ¢ 254 o
6 —— No Oxaliplatin based chemotherapy o —— No Oxaliplatin based chemotherapy
—— Oxaliplatin based Chemotherapy g —— Oxaliplatin based Chemotherapy
0 T T T T 1 0 T T T T 1
0 12 24 36 48 60 0 12 24 36 48 60
Number at risk Months Number at risk Months
No Oxaliplatin 45 42 35 29 22 19 No Oxaliplatin 45 36 31 23 19 16
Oxaliplatin 31 31 25 20 1 7 Oxaliplatin 31 22 19 15 9 7

Figure 5. Overall survival (A) and disease free survival (B) according to oxaliplatin based adjuvant chemotherapy vs. no oxaliplatin based chemotherapy in low PARP-1 expression

gastric cancer group.

Discussion

This study presented the results of the
immunohistochemical assessment of the expression of
DDR-protein in 271 patients with stage II and III
gastric cancer. The results showed that low PARP-1
expression levels were associated with poor prognosis
when gastrectomized patients underwent lymph
node dissection. The low-expression PARP-1 group
had significantly shorter median OS than the
high-expression PARP-1 group in the case of patients
with gastric cancer who did not receive adjuvant
chemotherapy. However, the 5-year OS in patients
who had received adjuvant chemotherapy did not

significantly ~ differ ~between the low- and
high-expression PARP-1 groups.
In low expression PARP-1 patients, the

prognosis of patients who received oxaliplatin based
adjuvant chemotherapy was similar to the prognosis
of patients who received no oxaplatin based adjuvant
chemotherapy group. It suggested that the oxalipatin
based adjuvant chemotherapy may not affect survival
according to the low of PARP-1 expression. This study

presented the clinical implication of DDR gene, but it
should not find a correlation with clinical outcomes
and other genes of DDR gene except of PARP-1 gene.

As reported in a previous study, the incidence of
low PARP-1 expression was 47.2% in gastric cancer
[21]; the incidence of low PARP-1 expression reported
herein (44.7%) was similar to this value. Another
study reported that the incidences of the loss of ATM,
BRCA1, and ARID1A expression were 18-22 [13, 14],
175 [22], and 11-21% in gastric cancer [23],
respectively. The expression of other DDRs were
similar in our study. This study presented the clinical
implications of the expression of DDR-related genes
but did not highlight any correlation between clinical
outcomes and the expression of other DDR-related
genes (except PARP-1).

The PARP protein family comprises 17 enzymes
involved in the regulation of the cell cycle, genome
stability, transcription [24], DNA damage response
[25], and cell death. High PARP-1 expression is
associated with higher pathologically complete
remission rates after neoadjuvant chemotherapy in
breast cancer [26]. Inhibition of PARP-1 expression
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improves the efficacy of chemotherapy by impairing
DNA repair [27]. These results provide the rationale
behind the attempts to supplement chemotherapy
with a PARP inhibitor in the presence of high PARP-1
expression levels.

PARP-1 expression is reportedly associated with
a good prognosis in other cancer types, including
breast cancer [28] and non-small-cell lung cancer [29].
Aiad et al [28] demonstrated that high PARP-1
expression levels were significantly associated with
improved OS in locally advanced breast cancer.
Klauschen et al [29] described that low PARP-1
expression levels were associated with a poor
prognosis in pancreatic cancer. However, Liu et al [21]
demonstrated that high PARP-1 expression levels
were associated with significantly reduced DFS and
OS in patients with gastric cancer. These studies
indicate that PARP-1 expression could play different
roles at different stages of tumors and treatments. In
our study, low PARP-1 expression levels were
associated with significantly poor DFS and OS in
gastrectomized patients with stage II and stage III
gastric cancer. According to our multivariate analysis,
not only low PARP-1 expression levels, but also the
TNM stage and adjuvant chemotherapy, were
independent prognostic factors in gastric cancer.

Adjuvant chemotherapy after surgery in gastric
cancer is a standard current treatment for stage II and
III gastric cancer [3]. Patients who had received
adjuvant chemotherapy showed similar OS rates
irrespective of the PARP-1 expression levels. The
prognostic effect was significant in the TNM stage
and upon adjuvant chemotherapeutic treatment.
Based on these observations, low PARP-1 expression
levels may improve the efficacy of adjuvant
chemotherapy when treating gastric cancer. Low
PARP-1 expression levels could potentially favor the
development of mutations through dysfunctional
DNA repair, and PARP-1 could enhance the
chemotherapeutic benefits with regard to survival. In
gastric cancer, the high expression of PARP-1 may
lead to the suppression of the activities of NAD+ and
ATP, which in turn, may cause cell death [30].

The cytotoxic effects of platinum, including
oxaliplatin, are to trigger a variety of downstream
signaling pathways. High PARP-1 expression maybe
affinity to the most common 1,2-d(GpG) and this
affinity decreases upon automodification which
implicates the role of PARP-1 in repair of
platinum-induced DNA damage. Our data suggest
that the low PARP-1 expression may have a role as
predictive biomarkers for the response to adjuvant
chemotherapy. However, the survival of oxalipatin
based adjuvant chemotherapy was not better than the
survival of no oxaliplatin based chemotherapy in

patients with gastric cancer stage II or IIl. The 3 year
DEFS rate as 56% in our study with oxaliplatin base
adjuvant chemotherapy was shorter than the 3 year
DFS rate as 78% in the classic study[4]. In our study,
the oxalipatin base adjuvant chemotherapy group was
significantly more included stage III (P = 0.008),
lymph node positive (P = 0.038), lymphatic invasion
(P <0.001) and venous invasion (P = 0.005). The OS
and DFS in the oxaliplatin base adjuvant
chemotherapy group was worse because the factors
that are not good for survival were included.

In conclusion, the present study demonstrated
that low PARP-1 expression levels are associated with
poor overall survival and disease-free survival. Low
PARP-1 expression levels could be an indicator of
poor prognosis, particularly in gastrectomized
patients with stage II and III gastric cancer. Patients
with stage II and stage III gastric cancer and low
PARP-1 expression levels benefited from adjuvant
chemotherapy. Therefore, adjuvant chemotherapy is
required in patients with gastric cancer who display
low PARP-1 expression levels.
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