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Results  The median age of the patients was 54  years 
(range 25–74  years). The most common grade III tox-
icities were nausea (10  %) and neutropenia (9  %). Dur-
ing radiotherapy, grade IV local skin reaction occurred in 
one patient. Median duration of follow-up was 47 months. 
Local, regional and distant recurrence developed in 9 
(4  %), 41 (18  %) and 45 (20  %) patients, respectively. 
Overall 5-year survival rate was 57.2  %, and disease-free 
5-year survival rate was 53.8 %. Multivariate analysis iden-
tified less than 15 lymph node involvement as an independ-
ent predictor of better survival (p < 0.001).
Conclusions  Concomitant 5-FU-based chemoradiother-
apy seems to be an effective and tolerable adjuvant regimen 
on local control and survival in curatively resected node-
positive stomach cancer, particularly when combined with 
D2 resection.

Abstract 
Purpose  Previous studies demonstrated survival benefits 
in association with the addition of chemoradiotherapy after 
surgery in gastric cancer. This study aimed to examine the 
efficacy in terms of loco-regional control and survival and 
safety of 5-FU-based adjuvant chemoradiotherapy after D2 
curative surgery.
Methods  This study included 228 patients (81 female, 
147 male) treated for gastric cancer with curative surgery 
plus adjuvant chemoradiotherapy. Majority of the patients 
underwent at least D2 lymph node resection. Median three 
cycles of fluorouracil chemotherapy were administered, 
and 45-Gy radiotherapy was delivered at 1.8  Gy/fraction 
concomitantly during the second cycle of chemotherapy. 
Local control, regional control, distant metastasis and over-
all survival rates were estimated.
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Introduction

Despite dramatic decline in the frequency of gastric cancer 
over the past 70 years, only 25–40 % of all gastric cancer 
patients are diagnosed at a potentially curable stage (How-
son et al. 1986). Gastric cancer represents an important pub-
lic health burden since it is still the leading cause of cancer-
related mortality worldwide (Jemal et al. 2006). In the USA, 
there will be an estimated 22,000 new cases of gastric can-
cer per year and 13,000 deaths, during the early twenty-first 
century (Jemal et al. 2006). In Turkey, gastric cancer is the 
second leading cause of death in men and the third leading 
cause of cancer mortality in women. The anatomical site of 
origin of gastric cancer among Turkish patients differs from 
that reported for Western countries, with 48.1 and 41.2 % of 
cancers in Turkish patients occurring at the antrum and cor-
pus, respectively, and 51.6 % of patients having a pathologi-
cal grade III cancer (Saglam et al. 2011).

Until Southwest Oncology Group/Intergroup 0116 (INT-
0116) trial results were published, the curative treatment 
of gastric cancer consisted of only gastric resection (Mac-
donald et  al. 2001). INT-0116 trial demonstrated survival 
benefits in association with the addition of chemoradiother-
apy to surgery; thus, changed the standard of care in USA, 
although not uniformly accepted in Europe.

Based on the findings of INT-0116 trial, in our institu-
tion, gastric cancer patients from stage T1N1 (IB) disease 
are treated with D2 surgery followed by adjuvant 5-fluoro-
uracil-based chemotherapy and concomitant radiotherapy 
administered during the second chemotherapy cycle.

The aim of this study was to examine the efficacy (in 
terms of loco-regional control and survival) and safety 
of adjuvant chemoradiotherapy after D2 gastric surgery 
in patients with stage IB–IIIC adenocarcinoma of the 
stomach.

Materials and methods

Patients

This study included 228 patients (81 female, 147 male) 
treated for gastric cancer at the Institute of Oncology, Istan-
bul University between January 2002 and December 2009 
with curative surgery (total or subtotal gastrectomy and 
D2 or D3 lymphadenectomy) plus adjuvant chemoradio-
therapy. Inclusion criteria were as follows: histologically 
confirmed adenocarcinoma, stage IB through IV accord-
ing to sixth edition TNM staging criteria of the American 

Joint Commission on Cancer (Greene 2002) and ECOG 
performance status ≤1. Patients who had coexisting malig-
nant conditions were excluded. In addition, patients with 
any evidence of distant metastases, macroscopic, or micro-
scopic residual tumor after surgery were excluded. All 
patients provided informed consent prior to study entry. 
Medical records of the patients fulfilling eligibility criteria 
were reviewed using a standardized data sheet. Local con-
trol, regional control, distant metastasis and overall survival 
(OS) rates were estimated. Following curative resection, 
patients received adjuvant chemoradiotherapy. The median 
time from surgery to the start of adjuvant regimen was 
4 weeks (range 2–6 weeks).

Surgical technique

All patients underwent endoscopic evaluation at surgery 
department, and thoracic and abdominal CT examinations 
were done. After thorough preoperative evaluation, patients 
were scheduled for gastrectomy plus lymphadenectomy. 
Depending on the location of the primary tumor, the sur-
geon performed either a total or a distal subtotal gastrec-
tomy. D2 lymphadenectomy was the standard procedure for 
dissection of tumors located in the upper two-thirds of the 
stomach as defined in the twelfth edition of the Japanese 
Classification (1993) when the study was initially designed 
(Japanese Research Society for Gastric Cancer: Japanese 
Classification of Gastric Carcinoma 1995). This technique 
was frequently performed as a standard procedure in this 
study. In total or distal subtotal gastrectomy tumors, the 
spleen was not removed in principle instead a splenic hilar 
lymphadenectomy was done.

Adjuvant chemoradiotherapy

Chemotherapy including fluorouracil (Mayo Regimen 
425  mg/m2, Leucovorin 20  mg/m2 a day D1–5/q28) was 
administered in the first cycle. After a 28-day interval, the 
second cycle of chemotherapy started with concomitant radi-
otherapy. Fluorouracil dosage changed to 400 mg per square 
meter and administered at the first 4 days and the last 3 days 
of radiotherapy during the second cycle. One month after the 
completion radiotherapy, following cycles of chemotherapy 
were given (median three cycles; range 2–5 cycles).

Until 2005, 61 patients (27  %) were treated with two-
dimensional radiotherapy using 4–6 megavoltage pho-
ton beams. The radiation fields encompassed the remnant 
stomach, tumor bed and regional lymph nodes (celiac, 
porta hepatis, superior mesenteric artery, and splenic nodes 
identified on CT, and pancreaticoduodenal nodes) with 
customized blocks. The median radiation dose was 45 Gy 
delivered at 1.8 Gy/fraction. Two opposite anteroposterior–
posterioanterior fields were used.
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Between 2005 and 2009, 167 patients (73  %) were 
treated with 3D conformal RT. A computed tomography 
(CT) scan (5-mm-thick slices) was performed from the top 
of diaphragm to the bottom of L4 with intravenous con-
trast. Radiation fields of the patient (CTV) were defined as 
gastric remnant, tumor bed, and nodal coverage depends 
on the location of the primary disease (perigastric, celiac, 
splenic, suprapancreatic, porta hepatic, pancreaticoduode-
nal and periesophageal lymph nodes). PTV was defined as 
CTV plus 1 cm. Treatment dose (45 Gy/25 fr) was defined 
as 95  % isodose of PTV. Organs at risk (kidneys, liver, 
small bowel and spinal cord) were delineated.

Follow‑up

Follow-up visits were scheduled at 3-month interval for the 
first 2 years, then at 6-month interval for the next 3 years. 
At each visit, physical examination, complete blood count, 
liver function tests and chest radiography were done. In 
addition, abdominal computed tomography and gastros-
copy were done, when clinically indicated. Any suspected 
recurrence was confirmed by biopsy, if possible. Recur-
rences occurring within the radiotherapy area at remnant 
stomach, surgical anastomosis and gastric bed regions were 
defined as local recurrence. Recurrences at regional lymph 
nodes were defined as regional recurrence, whereas other 
recurrences were classified as ‘distant recurrence.’

Statistical analyses

Statistical analyses were performed using Statistical Pack-
age for Social Sciences software (SPSS, ver.15.1, SPSS 
Inc., Chicago, IL). Relapse-free survival (RFS) and OS 
rates at 5 years were calculated using Kaplan–Meier esti-
mates. The OS rates were calculated from the date of 
surgery to death or the date of the last follow-up visit for 
patients who were still alive. The RFS rates were estimated 
from the date of surgery to the time of any documented dis-
ease after radiotherapy or to the date of the last follow-up 
visit for those remaining disease free. Univariate and mul-
tivariate analyses were done. For multivariate analysis, log-
rank test and Cox’s proportional hazards regression model 
were used. Statistical tests were based on a two-sided sig-
nificance level, and a p value of 0.05 or less was considered 
as an indication for statistical significance.

Results

Patient characteristics

Table  1 shows patient characteristics. The median age of 
the patients was 54  years (range 25–74  years). The most 

frequent tumor location was antrum (69.7 %). Majority of 
the patients had T3 disease (n = 188, 82.4 %). Most tumors 
were located in distal stomach (69.7  %), and D2 dissec-
tion was done in more than 80 % of the patients. Median 
number of resected lymph nodes was 28 (20–74), and 
postoperative pathological examination revealed lymph 
node involvement in 87.3 % of the patients (n = 199). All 
patients were ambulatory or asymptomatic after surgery. 
Full-course radiotherapy was completed by all of patients. 
Chemotherapy was given median three cycles: two cycles 
in 27 patients (12 %), three cycles in 120 patients (53 %), 
four cycles in 34 patients (15  %) and five cycles in 47 
patients (21 %).

Toxicity of adjuvant treatment

Table 2 shows major treatment-related toxicities. The most 
common grade III toxicities were nausea (10 %) and neu-
tropenia (9  %). During RT, grade IV local skin reaction 
occurred in one patient. Weight loss more than 10 % was 
observed in 21 patients (9 %).

Survival

Median duration of follow-up was 47 months. At the time 
of the analysis, 120 patients (53 %) were alive without dis-
ease and three patients were alive with recurrences. Over-
all, 95 patients (42 %) developed recurrence during follow-
up period. Local, regional and distant recurrence developed 
in 9 (4 %), 41 (18 %) and 45 (20 %) patients, respectively. 
Among all recurrences, most frequent was distant metas-
tasis (48 %), followed by regional recurrence (43 %) and 
local recurrence (9 %). Liver was the most frequent site of 
distant metastasis (n = 36, 80 %). Overall 5-year survival 
rate was 57.2 %, and disease-free 5-year survival rate was 
53.8  %. Figure  1 shows Kaplan–Meier curve for overall 
survival.

Prognostic factors

Table  3 shows the univariate analysis of potential factors 
for overall survival. In univariate analysis, female gender, 
lower T stage (T1–T2) and involvement of <15 lymph 
nodes were associated with better survival. Multivariate 
analysis identified only less than 15 node involvement as an 
independent predictor of better survival (p < 0.001).

Discussion

According to western studies, loco-regional recurrences 
comprise 57 % of failures after resection of gastric cancer, 
which commonly occur in gastric bed and in lymph nodes, 
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despite radical lymph node dissections (Gilbertsen 1969; 
Gunderson 2002; Landry et al. 1990; Meyers et al. 1987). 
This high rate of local recurrences has formed the rationale 
of adjuvant treatment trials studying the roles radiotherapy 
and chemotherapy with varying treatment schedules and 
conflicting results.

Table 1   Demographical and clinical characteristics

Unless otherwise stated, data are expressed as n (%)

Characteristic n = 228

Age (years), median (range) 54 (25–74)

Male gender 147 (64.5 %)

Tumor location

 Cardia 45 (19.7 %)

 Antrum 159 (69.7 %)

 Diffuse 20 (8.7 %)

 Gastric remnant 4 (1.7 %)

Histological subtypes

 Adenocarcinoma 148 (64.9 %)

 Signet ring cell adenocarcinoma 78 (34.2 %)

 Mucinous adenocarcinoma 4 (1.7 %)

Histological grade

 G1 9 (6.4 %)

 G2 44 (31.2 %)

 G3 70 (49.6 %)

T stage

 T1 4 (1.8 %)

 T2 25 (11.6 %)

 T3 188 (82.4 %)

 T4a 11 (4.8 %)

N stage

 N0 29 (12.7 %)

 N1 119 (52.1 %)

 N2 66 (28.9 %)

 N3 14 (6.1 %)

Surgery type

 Total gastrectomy 143 (62.7 %)

 Subtotal gastrectomy 85 (37.3 %)

No. of positive nodes

 <15 214 (93.9 %)

 ≥15 14 (6.1 %)

Type of lymph node dissection

 D2 192 (84.2 %)

 D3 36 (15.8 %)

Table 2   Major toxicities (n = 228)

Grade I–II
n (%)

Grade III
n (%)

Nausea 57 (25 %) 22 (10 %)

Neutropenia 53 (23 %) 21 (9 %)

Esophagitis 51 (22 %) 7 (3 %)

Diarrhea 21 (9 %) 9 (4 %)

Weight loss

 <5 % 127 (56 %)

 5–10 % 71 (31 %)

 >10 % 21 (9 %)

Fig. 1   Kaplan–Meier curve for overall survival

Table 3   Univariate analysis of the potential prognostic factors for 
survival

Bold values indicate significance (p < 0.05)
a  Median survival: 21 months

Factors 5-Year survival (%) Log-rank SD p

Age (years)

 ≤50 57.8 3.53-1 0.06

 >50 47.3

Gender

 Male 46.8 4.07-1 0.04

 Female 63.7

Histological subtypes

 Adenocarcinoma 54.6 1.05-1 0.30

 Signet ring cell 49.8

Histological grade

 G1 53.6 1.399-2 0.49

 G2 54.2

 G3 42.9

T stage

 T1–T2 82.4 5.88-1 0.01

 T3–T4 47.1

Surgery type

 Total gastrectomy 48.5 3.61-1 0.05

 Subtotal gastrectomy 60.1

No. of positive nodes

 <15 51.4 27.6-2 <0.001

 ≥15 11.2a

 0 84.4
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In a British Study, postoperative treatment modalities 
were investigated (Hallissey et  al. 1994). In that prospec-
tive, randomized, controlled trial, patients were assigned 
into one of three groups. The first group received surgical 
treatment only, the second group received adjuvant radio-
therapy in addition to surgery (45–50 Gy of total dose), and 
the third group received fluorouracil-based chemotherapy 
adjuvant to surgery. No survival advantage has been shown 
for patients receiving either of the adjuvant therapy com-
pared to the group of patients that received surgery alone. 
However, loco-regional recurrence rate was 10 % in adju-
vant radiotherapy group compared to 27 % in the surgery 
alone group and 19 % in the adjuvant chemotherapy group. 
However, it is of note to emphasize that only 68 % of the 
patients in the adjuvant radiotherapy group could receive 
a dose ≥40.5 Gy, which may partly explain the failure to 
find a survival advantage in favor of adjuvant radiotherapy 
in that study.

INT-0116 a large prospective randomized study com-
pared surgery alone with surgery plus adjuvant chemoradi-
otherapy in patients with adenocarcinoma of the stomach or 
gastroesophageal junction and found a significant survival 
advantage in favor of adjuvant chemoradiotherapy (median 
survival 27 vs. 36 months) (Macdonald et al. 2001). Three-
year disease-free and overall survival rates were better with 
the latter modality, despite only 10 % of the patients under-
went D2 resection. The benefit of adjuvant therapy also 
included patients with stage IB–IV (M0). These findings 
suggest that all patients with gastric wall extension and/or 
nodal involvement would benefit from adjuvant treatment 
when compared to surgery alone.

In Western countries, D2 resection is known as 
‘extended lymphadenectomy,’ whereas Japanese surgeons 
employ D2 resection as a standard technique and reserve 
the term ‘extended lymphadenectomy’ for para-aortic dis-
section. Since para-aortic nodes may represent the final sta-
tion of nodes that can be dissected to remove the threat of 
systemic metastases originating from the lymphatic system, 
para-aortic lymph node dissection may be worthwhile. On 
the other hand, risks associated with para-aortic dissection 
require advanced operative skills and intensive postopera-
tive care.

An analysis of 1991 data from Japan nationwide regis-
try showed that D2–D4 lymph node resection was associ-
ated with better 5-year survival when compared to D0–D1 
resection 62 vs. 33 % (Maruyama et al. 2006). In that popu-
lation, loco-regional recurrence was not a common dis-
ease failure pattern, which may reflect the effect of more 
extensive lymph node dissection in terms of local control. 
On the other hand, Sasako et al. (2008) compared D2 lym-
phadenectomy alone or with para-aortic lymph node dis-
section in an attempt to test the potential contribution of 
more extensive dissection; however, failed to find a survival 

difference between the two modalities (5-year survival, 
69.3 vs. 70.3 %). It is of note to emphasize that none of the 
patients received adjuvant treatment in that study. A large 
phase III trial included stage II–III gastric cancer patients 
that received surgery with D2 lymphadenectomy and com-
pared surgery alone versus additional adjuvant treatment 
(Sakuramoto et al. 2007; Sasako et al. 2011). In the surgery 
alone arm, 3- and 5-year survival rate was 70.1 and 61.1 %, 
respectively, reflecting potential contribution of D2 lym-
phadenectomy in this group of patients. In that study, S-1 
adjuvant chemotherapy resulted in survival benefit when 
compared to surgery alone, despite no radiotherapy was 
given.

Zhu et al. (2012) tested the additional role of radiother-
apy by comparing chemoradiotherapy with chemotherapy 
alone in gastric cancer patients with D2 resection, in adju-
vant setting. Intensity-modulated radiotherapy with chemo-
therapy (IMRT-C) improved disease-free survival, but not 
significantly improved overall survival: 5-year overall sur-
vival, 48.4 versus 41.8 %, 5-year disease-free survival, 45.2 
versus 35.8  %, for IMRT-C versus surgery alone, respec-
tively. Survival rates are similar to that of INT116 study 
where most patients underwent D0–D1 resection. However, 
we do not have any information on the number of removed 
lymph nodes, which may explain such low survival rates 
following D2 resection. In ARTIST study on the other 
hand, two adjuvant treatment modalities were compared in 
patients that underwent D2 resection and a disease-free sur-
vival advantage for chemoradiotherapy over chemotherapy 
alone was demonstrated, but only for patients with patho-
logic lymph node metastasis at the time of surgery (Lee 
et  al. 2012). A recent meta-analysis confirmed these find-
ings by demonstrating superiority of chemoradiotherapy 
over chemotherapy alone in patients that underwent D2 
lymphadenectomy, for loco-regional recurrence-free sur-
vival and disease-free survival, but not for distant metasta-
sis-free survival or overall survival (Huang et al. 2013).

To date, several studies have tested adjuvant radiochem-
otherapy in association with D2 resection, in different pop-
ulations. Table 4 summarizes the findings of these studies 
in reference to the INT-0116 study.

In two recent Korean studies, CLASSIC (Bang et  al. 
2012) and ARTIST (Lee et  al. 2012) trials, which tested 
adjuvant treatments particularly in patients that underwent 
D2 resection, 3-year survival rates around 75 % could be 
achieved in association with D2 resection and adjuvant 
therapies in addition to surgery.

Following the demonstration of the survival advantage 
of adjuvant chemotherapy after curative gastrectomy in 
INT-0116 study, our clinic adopted a similar protocol for 
all gastric cancer patients that underwent radical surgical 
resection (5-FU/LV with 45 Gy RT). However, our surgical 
approach involves more extensive lymph node resection. 



366	 J Cancer Res Clin Oncol (2015) 141:361–367

1 3

Most patients underwent D2 resection and a small fraction 
had D3 dissection, whereas most patients in the INT-0116 
study had D0 (54 %) and D1 (36 %) resection. Lower local 
recurrence rate observed in this study when compared to 
INT-0116 study (4 versus 19 %) may be attributed to more 
aggressive lymph node resection.

In this study, 5-year survival rate (57 %) was similar to 
that obtained in a large Korean study (Kim et  al. 2005), 
although our study included patients with more advanced 
disease: T3–4 disease, 87 versus 43 %; pathological lymph 
node rate, 87 versus 51 %. Majority of the patients in this 
study completed all planned treatment with tolerable side 
effects. No hospitalization has been observed during adju-
vant treatment schedules and grade IV local skin reac-
tion occurred in only one patient. These findings suggest 
that postoperative chemoradiotherapy can be successfully 
administered without altering treatment modalities.

In this study, number of positive lymph nodes (>15) 
emerged as an independent predictor of prognosis. 
Although limited in number, early abdominal dissemina-
tion and distant metastasis were seen among patients with 
more than 15 positive nodes. Patients with advanced nodal 
involvement can be candidates for metastatic disease pro-
tocol; thus, number of removed lymph nodes seems to be 
critical for treatment planning.

The chemotherapy regimen used in this study may be 
modified to achieve better outcomes. For example, a sin-
gle-agent adjuvant therapy may not be sufficient following 
D2 resection. A meta-analysis showed better survival rates 
with three-drug regimen in patient with metastatic gastric 
cancer (Wagner et  al. 2006). However, so far, there is no 
application of three-drug regimen in the adjuvant setting.

In conclusion, concomitant chemoradiotherapy seems 
to be an effective and tolerable adjuvant regimen on local 

control and survival in curatively resected node-positive 
stomach cancer, particularly when combined with D2 
resection. Further modification of chemotherapy regimen 
may give better results.

Conflict of interest  None.
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