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Abstract: Objective: To evaluate the prognostic factors affecting overall survival (OS), disease-free survival (DFS), 
and survival among patients undergoing chemoradiotherapy (CRT) for locally advanced gastric carcinoma. Methods: 
Between January 2001 and May 2014, 257 patients who presented to our clinic with a diagnosis of stage I-IIIC gas-
tric cancer were evaluated. The male/female ratio of the cases was 2.02:1 and the median age was 55.16±11.8 
(20-80) years. Four of the cases (1.6%) were stage IA, 13 (5.1%) were stage 1B, 41 (16%) were stage IIA, 40 (15.6%) 
were stage IIB, 50 (19.5%) were stage IIIA, 51 (19.8%) were stage IIIB, and 58 (22.6%) were stage IIIC. Results: The 
mean follow-up time was 22.5 months (3.3-155.0); loco-regional recurrence was noted in 34 (13.2%) patients who 
underwent postoperative chemoradiotherapy, and metastases were observed in 108 (42%) patients. The median 
OS duration was 26.7 months (95% confidence interval, 20-33.5) and the 2-, 5-, and 10-year OS was 52.8% (stan-
dard error [S.E.] 0.032), 36.1% (S.E. 0.032), and 26.9% (S.E. 0.034) respectively. The median DFS was 53.7 months 
and the 2-, 5-, and 10-year DFS were 58.9% (S.E. 0.034), 47.4% (S.E. 0.037), and 40.7% (S.E. 0.042), respectively. 
In multivariate analysis of prognostic factors, advanced T stage (p<0.0001), advanced nodal stage (p=0.001), and 
surgical margin status (p<0.0001) were related to decreased OS and DFS. Conclusion: R1 resection, advanced T 
stage, and advanced nodal stage were adverse prognostic factors in gastric cancer patients who had undergone 
CRT after the operation. 

Keywords: Chemoradiotherapy, gastric cancer, stage, surgical margin

Introduction 

Gastric cancer is prevalent in many countries 
around the world [1]. Surgical resection is the 
only potentially curative treatment for gastric 
cancer, and 30%-50% of patients can be treat-
ed operatively with curative intent [2-4]. 
However, patient survival remains poor, espe-
cially in patients with T3-4 tumors and/or lymph 
node metastases with surgery alone, and the 
5-year survival rate of 20-30% in such cases is 
disappointing [5-7]. The high rates of relapse or 
distant metastases after resection make it 
important to consider adjuvant treatment for 
patients with resected gastric cancer.

In recent years, many studies have shown that 
a combination of chemotherapy (CT) and radio-
therapy (RT) may reduce locoregional failure 

and improve survival in patients with gastric 
cancers [8]. The Intergroup 0116 (INT-0116) 
trial, which involved 556 patients with gastric 
cancer, the largest phase III trial comparing 
chemoradiotherapy versus observation, show- 
ed that adjuvant chemoradiotherapy (CRT) pro-
longed overall survival (OS) and relapse-free 
survival (RFS). This study established adjuvant 
CRT as the new standard of care after high-risk 
surgery for gastric cancer in the United States. 
The biggest disadvantage of this adjuvant treat-
ment, despite its survival benefits, is its quietly 
high toxicity rate. The reported non-completion 
rate reported in this study was 34% [9, 10]. 
Subsequently, in 2005, Kim et al. [11] pub-
lished the results of an observational study sug-
gesting clinical benefit for postoperative CRT. 
This study consisted of 544 patients who 
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received D2 lymphadenectomy and were treat-
ed with postoperative adjuvant CRT. It shows 
that postoperative adjuvant CRT significantly 
prolonged OS and RFS. 

In this study, patients who received postopera-
tive adjuvant CRT at our clinic between January 
2001 and May 2014 with a diagnosis of stage 
I-IIIC gastric cancer were analyzed. The aim of 
this study was to retrospectively evaluate the 
results of this treatment and prognostic factors 
affecting survival.

Material and methods 

In this study, 257 patients who presented at 
our clinic between January 2001 and May 2014 
with a diagnosis of stage I-IIIC gastric cancer 
were evaluated retrospectively. Patient infor-
mation was obtained through files, conversa-
tions with patients, or their relatives directly 
and/or by phone calls. We recorded data about 
demographic information, chemotherapy regi-
men, radiation therapy information, local recur-
rence status, and distant metastasis status. 
Staging of patients was performed in accor-
dance with the staging system of the American 
Joint Committee on Cancer, 7th edition, 2010 
TNM. Performance evaluation was performed 
according to the Eastern Cooperative Oncology 
Group (ECOG). The staging system from the 
Radiation Therapy Oncology Group (RTOG) was 
used to evaluate treatment toxicity.

Treatment

RT was performed between January 2001 and 
June 2011 in a two-dimensional planning sys-
tem via the Co60 and/or linear accelerator 
(6-10 MV), and after June 2011 via the linear 
accelerator (6-18 MV) apparatus with a three-
dimensional planning system. Until June 2011, 
RT was applied as parallel opposed fields (ante-
rior-posterior and posterior-anterior) at frac-
tions of 1.8-2 Gy daily, for a total of 45 Gy. After 
June 2011, three-dimensional conformal RT 
(3D RT), or the Intensity-Modulated Radiation 
Therapy (IMRT) technique, was performed at 
fractions of 1.8-2 Gy daily for a total of 45-50.4 
Gy. The RT field included the tumor bed, as well 
as regional nodes that were perigastric, celiac, 
local para-aortic, splenic, suprapancreatic, 
pancreaticoduodenal, and porta hepatic, and 
extended 2 cm beyond the proximal and distal 
margins of resection. 

CT (fluorouracil, 425 mg/m2/day, and leucovo-
rin, 20 mg/m2/day) was initiated on day 1 and 
was followed by CRT beginning 28 days after 
the start of the initial cycle of chemotherapy. 
The second course of CT was given for 4 days 
with fluorouracil (400 mg/m2/day) and leucovo-
rin (20 mg/m2/day) on the first four and the last 
three days of RT. After the RT course, the first-
course CT scheme was repeated as adjuvant 
therapy for 3 months.

Follow-up

Patient follow-up was performed for the first 2 
years at intervals of 3 months and thereafter 
for every 6 months, and consisted of a clinical 
examination, a complete blood count, liver 
function tests, and thoracic and abdominal 
computed tomography scanning when clinically 
indicated.

Endpoints

OS was defined as the duration from diagnosis 
to the last follow-up or date of death. DFS was 
defined as the duration from surgery to recur-
rence or metastasis.

Statistical methods 

Data evaluation and statistical analyses were 
performed using SPSS version 13 software. OS 
and DFS were calculated using the Kaplan-
Meier method. To examine the difference in 
survival between groups, the log-rank test was 
used, and the Bonferroni correction was used 
to make comparisons among groups. For multi-
variate analysis, independent factors predict-
ing survival were analyzed using Cox regression 
analysis. A type-1 error level of less than 5% 
was considered significant.

Results 

Patient characteristics

During the period from 2001 to 2014, a total of 
257 patients were examined and diagnosed as 
having stage I-IIIC gastric cancer. The median 
age was 55±11.8 (range, 20-80). There was a 
strong predominance of males (172 patients, 
67%) compared with females. Furthermore, 
89.9% (231) of patients had adenocarcinoma 
and 9.7% (25) had signet ring cell carcinoma 
(SRC) while only 0.4% (1) of the cases had car-
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Table 1. Patient and tumor characteristics

Characteristic N (%)
Gender
    Male 172 (67%)
    Female 85 (33)
Age (y)
    Mean ± SD 55.16±11.8
    Range 20-80
Tumor size (cm)
    Mean ± SD 7±4.88
    Range 1-20
Tumor histologic
    Adenocarcinoma 231 (89.9%)
    Signet ring cell carcinoma 25 (9.7%)
    Carcinoid 1 (0.4%)
Histologic grade
    Grade 1 33 (12.8%)
    Grade 2 80 (31.1%)
    Grade 3 63 (24.5%)
    Grade 4 77 (30%)
    Unknown 4 (1.6%)
Tumor location
    Linitis plastica 13 (5.1%)
    Cardia 41 (15.9%)
    Corpus 60 (23.3%)
    Antrum 140 (54.5%)
    Unknown 3 (1.2%)
T Stage
    T1A 5 (1.9%)
    T1B 7 (2.7%)
    T2 41 (16%)
    T3 72 (28%)
    4A 126 (49%)
    T4B 5 (1.9%)
Node Status
    N0 50 (19.5%)
    N1 65 (25.3%)
    N2 59 (23%)
    N3A 67 (26.1%)
    N3B 16 (6.2%)
Stage
    Stage IA 4 (1.6%)
    Stage IB 13 (5.3%)
    Stage IIA 41 (16%)
    Stage IIB 40 (15.6%)
    Stage IIIA 50 (19.5%)
    Stage IIIB 51 (19.8%)
    Stage IIIC 58 (22.6%)
LVI

cinoid tumor. Of the tumors, 54.5% 
(140) were located in the antrum, 
23.3% (60) in the corpus, 15.9% 
(41) in the cardia, and 8.1% (13) in 
the linitis plastica. The surgical mar-
gin was negative in 163 cases 
(63.4%), positive in 30 (11.7%), and 
close (defined as <2 mm) in 56 
cases (21.8%). Information on the 
status of surgical margins could not 
be obtained in 8 cases (3.1%). 
Thirty-two (12.4%) patients who 
received curative therapy did not 
complete their total radiation 
course due to radiation toxicity. The 
median RT dose for curative treat-
ment was 45 Gy (range; 21.6-54). 
Patient characteristics are summa-
rized in Table 1.

Local and distant recurrence

The mean follow-up time was 22.5 
months (3-155), and loco-regional 
recurrence was noted in 34 (13.2%) 
patients who underwent postopera-
tive CRT, while metastases were 
observed in 108 (42%) patients. 
Both metastasis and recurrence 
were noted in 28 (10.9%) patients. 
Among 34 patients with local recur-
rence, 12 patients had positive sur-
gical margins, 15 patients had 
close surgical margins, 7 patients 
had negative surgical margins, and 
all local recurrences were observed 
within the radiation fields. Twenty-
four cases had undergone D1 rese- 
ction, while 10 had D2 resection. 
Among 34 patients with local recur-
rence, 16 patients had positive lym-
phovascular invasion, whereas 18 
patients had negative lymphovas-
cular invasion. The distribution of 
metastatic regions included the 
liver in 38 (14.9%) patients, lung in 
22 patients (8.6%), bone in 18 
(7.1%) patients, peritoneal carcino-
matosis in 17 patients (6.6%), and 
others in 13 (5%) patients. A total of 
162 (63%) patients died during the 
follow-up period and 95 (21.7%) 
patients survived for the duration of 
the follow-up period (Table 2).
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Survival

The median OS was 26.7 months 
(95% CI, 20.12-33.3) and the 2-, 5-, 
and 10-year OS was 52.8% (S.E. 
0.032), 36.1% (S.E. 0.032), and 
26.9% (S.E. 0.034), respectively 
(Figure 1). The median DFS was 
53.7 months (95% CI, 31.4-76.1), 
and the 2-, 5-, and 10-year DFS 
were 58.7% (S.E. 0.034), 47.3% 
(S.E. 0.037), and 40.5% (S.E. 
0.041), respectively (Figure 2).

In univariate analysis, age (≤50 and 
>50), gender, tumor histology, 
tumor size (≤4 and >4 cm), tumor 
grade, tumor location (antrum, cor-
pus, cardia, linitis plastica), T stage 
(1, 2, 3 or 4), nodal involvement (N0, 
N1, N2, or N3), stage (1, 2, or 3), 
lymphovascular invasion (LVI), peri-
neural invasion (PNI), type of sur-
gery (total or partial gastrectomy), 
surgical margin status (positive, 
close, or negative), the number of 
lymph nodes taken out during sur-
gery (≤15 vs. >15), dissection type 
(D1 or D2), interruption of therapy, 
RT dose (≤45 Gy vs. >45 Gy), and 
RT technique (conventional, 3D-RT, 
or IMRT) were investigated as prog-
nostic factors that could affect OS 
and DFS. Factors such as age 
(p=0.005), tumor grade (p<0.0001), 
tumor size (p=0.001), LVİ (p< 
0.0001), PNİ (p<0.0001), T stage 
(p<0.0001), nodal involvement (p< 
0.0001), stage (p<0.0001), tumor 
location (p=0.038), type of surgery 
(p=0.026), and surgical margin sta-
tus (p<0.0001) yielded a better sta-
tistically significant OS. Among 

Table 2. Details of relapse
Site of relapse n (%)
Local 34 13.2
Distant 108 42
Local + Distant 28 10.9
Liver 38 14.9
Lung 22 8.6
Bone 18 7.1
Peritoneal carcinomatosis 17 6.6
0ther 13 5

    No 129 (50.2%)
    Yes 115 (44.7%)
    Unknown 13 (5.1%)
PNI
    No 168 (65.4%)
    Yes 75 (29.2%)
    Unknown 14 (5.4%)
Type of surgery
    Total gastrectomy 97 (37.7%)
    Subtotal gastrectomy 160 (62.3%)
Type of dissection
    D1 133 (51.8%)
    D2 119 (46.3%)
    Unknown 5 (1.9%)
The number of lymph nodes removed during operation
    Mean ± SD 16.4±11.1
    Range 5-66
Surgical margin
    Negative 163 (63.4%)
     Close 56 (21.8%)
     Positive 30 (11.7%)
     Unknown 8 (3.1%)
RT Technique
    Conventional 204 (79.4%)
    Conformal 13 (5.1%)
    IMRT 40 (15.6%)
Total RT dose (Gy)
    Mean ± SD 45±4.02
    Range 21.6-54
Treatment break
    Yes 110 (42.8%)
    No 147 (57.2%)
Treatment break (days)
    Mean ± SD 2±3.2
    Range 0-17
Abbreviations: LVI, lymphovascular invasion; PNI, perineural invasion; IMRT, 
Intensity-Modulated Radiation Therapy.

these factors, tumor histology (p<0.0001), 
tumor grade (p<0.0001), tumor size (p=0.001), 
LVİ (p<0.0001), PNİ (p<0.0001), T stage 
(p<0.0001), nodal involvement (p<0.0001), 
stage (p<0.0001), and surgical margin status 
(p<0.0001) yielded a better statistically signifi-
cant DFS. The results of the univariate analysis 
are summarized in Table 2.

Based on multivariate analysis of these prog-
nostic factors, we found that tumor grade 
(p=0.001), T stage (p<0.0001), nodal involve-
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after microscopically radical (R0) surgical 
resection, the disease recurs in most 
patients [13]. In the past decade, neoadju-
vant and adjuvant treatment strategies 
have improved OS and have therefore 
become the standard of care [9]. Adjuvant 
combined CRT has become standard of 
care in the United States following the 
landmark Intergroup 0116 trial. In a recent 
update of the INT-0116 study, the benefit 
of adjuvant CRT after radical (R0) resec-
tion for gastric cancer was confirmed [10]. 
In our study, while the median OS was 26.7 
months, the 2-, 2.5- and 10-year OS were 
found to be 52.8%, 36.1%, and 26.9%, 
respectively; these rates are consistent 
with those in the literature (Figure 1). The 
median DFS was 53.7 months and the 2-, 
5-, and 10-year DFS were 58.9% (S.E. 
0.034), 47.4% (S.E. 0.037), and 40.7% 
(S.E. 0.042), respectively (Figure 2).

Worldwide, gastric cancer is seen more 
commonly in men than in women, with a 
male/female ratio ranging from 1.5 to 2. 
There is a sharp increase in stomach can-
cer rates in individuals over the age of 50 
[14]. Most individuals diagnosed with 
stomach cancer are between their late 
60s and 80s. In our study, the median age 
of the patients was 55 years (20-80), and 
the male/female ratio was 2/1; this is con-
sistent with the literature. Some studies 
report better survival rates for women 
[15]. Curtis et al. [16] showed that the 
prognosis was better in women according 
to age and stage. In our study, sex had no 
effect on survival rate. Age at diagnosis 

Figure 1. Overall survival.

Figure 2. Disease free survival.

ment (p=0.001), and surgical margin status 
(p<0.0001) were related to OS in a statistically 
significant manner (Table 3). We also found 
that T stage (p<0.0001), nodal involvement 
(p=0.048), stage (p=0.019), surgical margin 
status (p=0.019), and RT dose (p=0.049) were 
related to DFS in a statistically significant man-
ner (Table 4).

Discussion

In Western countries, most patients with gas-
tric cancer present with advanced disease and 
have poor OS [12]. Surgical resection remains 
the cornerstone of potentially curative treat-
ment. Five-year survival rates following surgery 
alone range from 26% to 8%. However, even 

was a strong and independent prognostic fac-
tor, and our findings from univariate and multi-
variate analyses were not similar to those of 
previous reports indicating better survival in 
younger patients.

Tumor size and grade were other significant fac-
tors that affected the survival probability in 
gastric cancer patients in our study. This finding 
was similar to a study that pointed to a higher 
hazard ratio of death for patients with larger 
tumors or worse tumor grade of tumor [17]. 
Orsenigo et al. [18] also drew similar conclu-
sions with respect to tumor size in a univariate 
analysis. Our findings in univariate analysis 
were similar with those of previous reports and 
indicated better overall survival and disease-
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Table 3. Results of log-rank univariate analysis for overall survival and disease-free survival 

Variable n Median Survival 
(95% CI) p value Median disease-free 

survival (95% CI) p value

Age (year)
    ≤50 87 44.5 (15-74) 0.005 55.2 (13.4-97) 0.343
    >50 170 22.4 (18.2-26.6) 39.7 (14.3-65.1)
Gender
    Male 172 26.7 (15-38.5) 0.925 55.2 (25.9-84.6) 0.812
    Female 85 26.5 (21.6-31.3) 33.4 (2.3-64.4)
Tumor diameter (cm)
    ≤4 cm 88 60.7 (27-94.4) 0.010 29.7 (13.1-46.2) 0.021
    >4 cm 145 23.8 (18.9-28.7)
Tumor histologic
    Adenocarcinoma 231 28.3 (16.5-40) 0.156 55.2 (33.5-76.9) <0.0001
    Signet ring cell carcinoma 25 21.9 (11.7-32.1) 1.9 
    Carcinoid 1 14.5 25.5 (10.9-40.1)
Histologic grade
    G1-G2 113 63.1 (45.8-80.4) <0.0001 70.6 <0.0001
    G3 63 23 (17-29) 29.7 (0-102.5)
    G4 77 15 (11.2-18.7) 16.2 (12-20.5)
Tumor location
    Linitis plastica 13 11.1 (3.6-18.7) 25.7 (10.7-40.7)
    Kardia 41 22 (16-28) 0.038 0.236
    Korpus 60 41.6 (23.6-59.6) 19.4 (0-54.4)
    Antrum 140 28.3 (12.3-44.3) -53.7 (23.9-83.5)
T stage
    T1-2 53 83.6 <0.0001 81.9 (33-130.9) <0.0001
    T3 72 (58.7-108.5) -
    T4 131 -15.1 (13.3-17) 15.4 (12-18.8)
Node status
    N0 50 85.7 (62.9-108.6) -
    N1 65 63.6 (35.8-91.4) <0.000 66.5 <0.0001
    N2 59 22.1 (17.4-26.9) 1 40.7 (6.6-74.8)
    N3 83 12.9 (10.2-15.6) 13 (9.9-16.2)
Stage
    Stage 1 17 83.6 (42.7-124.5) <0.0001 66.5 (59.5-73.6) <0.0001
    Stage 2 81 95.6 -
    Stage 3 159 16 (13.2-18.9) 17.6 (14.6-20.7)
LVI
    No 129 51.6 (35.1-68.1) <0.0001 - <0.0001
    Yes 115 18.7 (13.3-24.1) 19.8 (15.3-24.2)
PNI
    No 168 42.4 (25-59.7) <0.0001 81.9 <0.0001
    Yes 75 15.8 (11.2-20.4) 19.1 (13.3-24.8)
Type of surgery
    Total gastrectomy 97 22.1 (17-27.3) 0.026 28.7 (5.5-51.9) 0.069
    Partial gastrectomy 160 34.5 (21-47.9) 66.5 (31.6-101.5)
Type of dissection
    D1 133 28.3 (19.6-37) 0.963 53.7 (27.8-79.6) 0.944
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        D2 119 24.5 (18.2-30.8) 55.2 (10.3-100.2)
Surgical margin
    Negative 163 47.1 (22.6-71.6) <0.0001 - <0.0001
    Close 56 20.7 (8.1-33.2) 35.3 (22.3-48.3)
    Positive 30 14.7 (9.5-19.8) 11.5 (2.9-20.1)
RT technique 
    Conventional  204 26.7 (17-36.5) 0.318 53.7 (30.4-77) 0.556
    Conformal 13 29.9 130.2
    IMRT 40 22.1 (13.7-30.6) 21.7
RT dose
    ≤45 225 27.4 (17.2-37.6) 0.222 53.7 (32-75.3) 0.842
    >45 32 19.3 (6.9-31.6) 130.2 (4.3-256.1)
Interruption of therapy 
    No 110 29.9 (13.7-46.1) 0.578 63 (22.3-103.6) 0.675
    Yes 147 24 (18.9-29.2) 53.7 (36.1-71.3)
Abbreviations: LVI, lymphovascular invasion; PNI, perineural invasion; IMRT, Intensity-Modulated Radiation Therapy.

Table 4. Results of multivariate analysis for overall survival and disease-freesurvival by the Cox pro-
portional hazard model

Overall survival Disease-free survival

Variable Hazard Ratio 
(95% CI) p value Hazard Ratio 

(95% CI) p value

Age (year)
    ≤50 vs. >50 1.5 (1-2.4) 0.057 1.1 (0.7-1.8) 0.678
Gender
    Female vs. Male 0.9 (0.6-1.4) 0.666 0.9 (0.6-1.4) 0.606
Tumor diameter (cm)
    ≤4 cm vs. >4 cm 1.1 (0.7-1.6) 0.842 1.1 (07-1.9) 0.660
Tumor histology
    Adenocarcinoma & Signet ring cell carcinoma 1.6 (0.9-3.1) 0.147 1.7 (0.8-3.5) 0.178
Histologic grade 0.038 0.422
    G1-G2 vs. G3 1.1 (0.7-1.9) 0.715 1 (0.6-1.9) 0.942
    G1-G2 vs. G4 1.9 (1.1-3.2) 0.014 1.5 (0.8-2.8 0.225
T Stage <0.0001 <0.0001
    T1-2 vs. T3 0.5 (0.3-1.1) 0.069 0.3 (0.1-0.8) 0.011
    T1-2 vs. T4 1.8 (0.9-3.6) 0.085 1.3 (0.6-2.9) 0.517
Node Status 0.002 0.048
    N0-1 vs. N2 1.1 (0.5-2.1) 0.859 0.8 (0.4-1.8) 0.583
    N0-1 vs. N3 2.3 (1.2-4.4) 0.011 1.7 (0.8-3.6) 0.180
Stage 0.071 0.019
    Stage 1 vs. Stage 2 1 (0.3-3.1) 0.937 (0.3-4.5) 0.851
    Stage 1 vs. Stage 3 2.3 (0.6-9.2) 0.235 4 (0.8-19.4) 0.085
LVI
    No vs. Yes 1.1 (0.7-1.7) 0.801 1.3 (0.7-2.2) 0.368
PNI
    No vs. Yes 1.4 (0.8-2.2) 0.212 1.4 (0.8-2.5) 0.241
Type of surgery
    Total gastrectomy & Partial gastrectomy 0.9 (0.6-1.3) 0.545 1 (0.6-1.6) 0.967
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Type of dissection
    D1 vs. D2 0.9 (0.6-1.3) 0.594 0.2 (0-3) 0.977
Surgical margin 0.034 0.032
    Negative vs. Close 1.6 (1.1-2.4) 0.018 1.3 (0.8-2) 0.341
    Negative vs. Positive 1.6 (0.9-2.6) 0.096 2.1 (1.2-3.8) 0.009
RT technique 0.283 0.097
    Conformal vs. conventional 1.3 (0.5-3.6) 0.640 2.5 (0.7-9) 0.164
    Conformal vs. IMRT 2.1 (0.7-6) 0.175 4.1 (1.1-15.3) 0.034
RT dose (Gy)
    ≤45 vs. >45 1.1 (0.6-2.2) 0.763 0.4 (0.2-1) 0.049
Interruption of therapy
    No vs. Yes 1 (0.6-1.5) 0.846 0.7 (0.5-1.2) 0.224
Abbreviations: LVI, lymphovascular invasion; PNI, perineural invasion; IMRT, Intensity-Modulated Radiation Therapy.

free survival for small tumor size and grade I or 
II tumors in gastric cancer.

About 90% to 95% of cancers of the stomach 
are adenocarcinomas. In our study, the histo-
pathological diagnosis was adenocarcinoma in 
89.9% of patients; this is consistent with the 
literature. The prevalence of SRC in the stom-
ach has been reported to vary from 3.4 to 39% 
[19]. Maehara et al. [20] reported that patients 
with SRC are likely to survive longer than those 
with other types of gastric cancer. This was sup-
ported by Otsuji et al. [21], who reported that 
the survival of patients with early stage SRC 
carcinoma was improved, whereas patients in 
advanced stages had poor prognoses, similar 
to that of other types of gastric cancer. In con-
trast, Kim et al. [22] and Kwon et al. [23] report-
ed that there was no significant difference in 
overall survival rates between patients with 
early stage SRC and those with other types of 
gastric cancer. These studies demonstrated 
that the prognosis for patients with advanced 
stage SRC carcinoma was significantly worse 
than that for patients with other types of 
advanced stage cancer. In our study, the histo-
pathological diagnosis was SRC carcinoma in 
9.7% of patients and the overall survival rate 
did not differ between SRC and other cell types, 
consistent with the literature. Multivariate anal-
ysis indicated that patients with signet ring cell 
histology had a significantly increased risk of 
dying (relative risk, 1.027; p>0.10) in compari-
son with patients without SRC histology.

Chae et al. [24] showed that the 5-year survival 
rates of 295 cases of gastric cancer patients 
after D2 lymph node dissection (N0, N1, N2, 

N3a, and N3b) were 89.7%, 73.6%, 54.9%, 
23.1%, and 5.4%, respectively. Other studies 
have also found that lymph node metastasis 
was a prognostic factor for gastric cancer [25-
27]. Zhu et al. [28] reported that TNM stage 
and lymph node metastasis were related to 
prognosis. In our study, univariate analysis of 
the entire group of 257 patients with gastric 
cancer also showed that TNM stage and lymph 
node metastasis were related to prognosis. The 
Cox regression model for multivariate analysis 
showed that positive lymph nodes and TNM 
stage were both independent prognostic 
factors.

Lymphovascular invasion (LVI) predicts poor 
outcome in several malignancies, including 
gastric cancer [29-31]. In a review by Dicken et 
al. [32], LVI emerged as a prognostically prom-
ising factor, which independently predicted sur-
vival and was associated with advanced T 
stage, prompting some authors to suggest that 
LVI should be included in risk stratification and 
selection of patients for entry into clinical trials. 
Dicken et al. [33] reported that LVI was an inde-
pendent predictor of survival in gastric cancer. 
Demir et al. [34] showed that the prognostic 
significance of lymphovascular invasion was 
noteworthy in both univariate and multivariate 
analyses. In our study, with univariate analysis, 
a statistically significant relationship (p<0.001) 
was found between OS and DFS and LVI.

Perineural invasion (PNI) is found to be related 
to a more aggressive tumor phenotype and 
poor prognosis in several malignancies, most 
notably head and neck and prostate cancers 
[35]. Bilici et al. [36] showed that the median 
survival of PNI-positive patients is much short-
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er than that of PNI-negative ones and demon-
strated that PNI is a useful prognostic factor for 
curative gastric cancer. In a recent review, PNI 
was an independent prognostic factor affecting 
OS and DFS of gastric cancer patients who had 
undergone curative resection [35]. In our study, 
univariate analysis revealed a statistically sig-
nificant relationship (p<0.05) between OS and 
DFS, and PNI.

A tumor-positive resection margin, defined as 
an R1 resection, occurs in 2-22 % of patients 
and has often been documented as a poor 
prognostic factor. In non-randomized studies 
using adjuvant CRT, outcomes in patients with 
residual disease are significantly worse [37-
39]. For example, in one study, median survival 
was 19.3, 16.7, and 9.2 months respectively 
for patients with no residual, microscopic resid-
ual, and gross residual disease [38]. In the cur-
rent study, 86 (33.5%) patients had gross total 
resections with pathologically confirmed micro-
scopic residual or sharp dissection of a primary 
tumor adherent to adjacent structures. In this 
study, upon univariate and multivariate analy-
ses, a statistically significant relationship 
(p<0.05) was found between OS and DFS and 
the surgical margin.

In an analysis of prognostic factors that predict 
OS, RT technique, RT dose, and interruption of 
therapy were not found to be statistically signifi-
cant in univariate and multivariate analyses. In 
an analysis of prognostic factors that predict 
DFS, RT technique, RT dose, and interruption of 
therapy were not found to be statistically signifi-
cant in univariate analysis. Multivariate analy-
sis of prognostic factors that were effective for 
DFS revealed that RT dose (Gy) was considered 
significant. Zhu et al. [28] reported that postop-
erative IMRT did not improve OS in patients 
with resected gastric cancer. Minn et al. [40] 
and Liu et al. [41] showed that disease out-
come is not significantly different between 
patients treated with IMRT versus those treat-
ed with 3D-CRT. Yoney et al. [42] reported that 
interruption of therapy was not found to be 
associated with more statistically significant 
DFS and OS curves. According to a study by 
Henning et al. [39], patients treated with 50.4 
to 54 Gy had improved locoregional control 
when compared to those treated with 44.8-
50.3 Gy. However, this has not been clearly 
shown in this specific population.

Conclusion

Postoperative CRT can prolong survival and 
decrease recurrence in patients with resected 
gastric cancer. R1 resection, advanced T stage, 
and advanced nodal stage were adverse prog-
nostic factors in gastric cancer patients who 
had undergone CRT after surgery. The use of 
new cytotoxic and biological agents can improve 
the results of CRT; thus, randomized studies on 
these therapeutic modalities are clearly 
needed.
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