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Abstract

Purpose: To assess the value of adjuvant radiotherapy for treatment of gastric adenocarcinoma and to investigate
subgroups of patients suitable for adjuvant radiotherapy.

Methods and materials: Data from 785 patients with gastric adenocarcinoma who had undergone D1/D2 radical
resection and adjuvant chemotherapy were collected, the site of first progression was determined, and the
relationship between the rate of local recurrence and clinicopathologic features was analyzed.

Results: By the end of the follow-up period, progression was observed in 405 patients. Local recurrence was
observed as the first progression in 161 cases. The local recurrence rate was significantly lower than the non-local
progression rate (20.5% vs 31.5%, p=0.007). Multivariate Cox regression analysis showed a significant relationship
among degree of differentiation, T stage, N stage, and rate of local recurrence.

Conclusions: Not all patients with gastric carcinoma required adjuvant radiotherapy. However, patients with poorly
differentiated cancer cells, advanced T stage (T3/T4), and positive lymph nodes, which included patients in the
T4N1-2M0 subgroup, were recommended for adjuvant radiotherapy.
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Introduction
Gastric cancer is prevalent, where it is responsible for
the third-most cancer-related deaths. Treatment of gas-
tric cancer consists of a comprehensive treatment model
based on surgery. However, there is no standard model
for postoperative adjuvant therapy for gastric cancer,
and postoperative treatment plans are comprised pri-
marily of chemotherapeutic approaches. The SWOG

9008/INT-0116 studies showed that the survival rate
and local control rate of gastric cancer were significantly
improved following gastric cancer surgery (IB-IV(M0)),
and there have been many advances in postoperative ad-
juvant therapy following gastric cancer surgery [1]. Use
of adjuvant chemoradiotherapy following gastric cancer
surgery has increased significantly in the USA and
Canada [2, 3]. Postoperative radiotherapy and chemo-
therapy have been established as the postoperative treat-
ment standards in the USA for patients with gastric
cancer. However, this treatment mode is only recognized
internationally as suitable for patients with gastric cancer
undergoing D0 radical surgery [4]. The benefits of
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adjuvant radiotherapy following D1/D2 radical surgery
for treatment of gastric cancer have not been
characterized.
Radiotherapy is a local treatment method that can kill

and damage tumor cells in the radiation field. Radiother-
apy can only be used if the recurrent lesion is within the
radiation field. According to the ICRU50 report defin-
ition, postoperative adjuvant radiotherapy for gastric
cancer should target the tumor bed, the stomach area,
anastomotic regions, regional lymphatic drainage areas,
and the celiac axis (including perigastric, peritoneal, hep-
atic, gastroduodenal, splenic, and peripancreatic lymph
nodes) [5]. Therefore, the postoperative recurrence loca-
tion of gastric cancer plays a critical role in selection of
postoperative adjuvant therapy. In this study, 785 pa-
tients with gastric cancer treated in our hospital from
January 2005 to January 2015 who had received D1 or
D2 radical surgery and had follow-up data were analyzed
retrospectively. We evaluated postoperative adjuvant
radiotherapy for treatment of gastric cancer by observing
whether the site of first progression was within the ap-
propriate target area. Furthermore, clinicopathological
factors were analyzed to determine risk factors for post-
operative local recurrence of gastric cancer and to iden-
tify indications for use of postoperative adjuvant
radiotherapy.

Material and methods
Inclusion and exclusion criteria
Patients with gastric adenocarcinoma (including cardiac
adenocarcinoma) who underwent radical surgical resec-
tion (R0) in our hospital from January 2005 to January
2015 were enrolled. Authors had access to information
that could not identify individual participants during or
after data collection. Clinical information about gastric
adenocarcinoma cases was extracted from the hospital
information system (HIS) and medical records at the ter-
tiary hospital. Information from medical records was
compiled in abstracted evaluations. All evaluations were
reviewed and scored by two clinical investigators who
developed and employed a coding guide based on the
International Statistical Classification of Diseases and
Related Health Problems (ICD) criteria to determine if
the gastric adenocarcinoma labeling was consistent with
the standard international diagnostic criteria of gastric
adenocarcinoma. Postoperative adjuvant chemotherapy,
immunotherapy, and other comprehensive treatments
were performed. Patients who underwent palliative sur-
gery (R1 or R2 resection), D0 radical surgery, neoadju-
vant radiotherapy, postoperative adjuvant radiotherapy,
or had experienced gastric cancer recurrence and subse-
quent treatment were excluded from this study.

Follow-up
Regular follow-up was carried out in accordance with
the institutional surveillance strategy, including medical
history, physical examination, tumor biomarkers, serum
biochemical, CT scans of the chest, abdomen and pelvis
(or positron-emission tomographic (PET) scans if neces-
sary and within a budget limit) at each visit, as well as
endoscopy. Patients were followed up every 3 months
for the first 2 years, every 6 months until 5 years, and
yearly thereafter.

Confirmation of initial site of progression
Patients who had experienced recurrence or metastasis
were located through a systematic review of medical re-
cords of inpatients and outpatients. Patient imaging data
in our PACS (Picture Archiving and Communication
Systems) and external information were reviewed, in-
cluding digestive tract images, chest and abdomen CT
scans, brain and spine MRI scans, and whole-body bone
scans. The imaging department and oncologists read the
films and recorded and analyzed the first site of progres-
sion. Some cases also had biopsy pathology results if ne-
cessary. Only first recurrences or metastases were
included in the statistical analysis.

Classification of first progression sites
Postoperative progression of gastric cancer was catego-
rized as regional recurrence, intraperitoneal metastasis,
or extraperitoneal distant metastasis. Regional recur-
rence included residual gastric cancer, anastomotic re-
currence, recurrence of the original tumor, duodenal
stump recurrence, and lymph node metastasis at stations
[1]. Intraperitoneal metastases included peritoneal im-
plantation (carcinogenic ascites, mesenteric carcinoma
nodules) and intra-abdominal viscera metastasis (such as
liver, spleen, adrenal gland, and ovary). Extraperitoneal
metastases included lung, brain, bone, bone marrow,
and extraperitoneal lymph nodes. The first progression
was local recurrence, which was the target area of post-
operative adjuvant radiotherapy. Intraperitoneal and
extraperitoneal metastases were considered non-local
progression, and were not candidates for local adjuvant
radiotherapy.

Statistical methods
The relationships between clinical parameters and over-
all recurrence/local recurrence were analyzed using the
χ2 test, and independent factors that influenced local re-
currence were determined using Cox multivariate re-
gression analysis. P<0.05 was considered statistically
significant, and all analyses were performed using SPSS
19.0 software package.
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Results
Patient characteristics
A total of 1342 gastric cancer surgeries were performed
in our hospital over 10 years, and 132 cases of gastric
cancer were treated with adjuvant chemotherapy in our
hospital following surgery in another hospital (with de-
tailed pathological reports). A total of 785 patients had
complete follow-up data as of December 2018, with a
median follow-up time of 83 months. Among the 785
patients with gastric cancer, 496 were males and 289
were females (1.7:1 ratio). The minimum age was 19
years, the maximum age was 76 years, and the median
age was 54 years. This study included 256 cases of car-
diac adenocarcinoma (gastric esophageal junction can-
cer), 166 cases of gastric body cancer, and 363 cases of
gastric sinus cancer.
Five hundred forty-eight patients underwent subtotal

gastrectomy (including 305 cases of proximal subtotal
gastrectomy and 243 cases of distal subtotal gastrec-
tomy), and 237 underwent total gastrectomy, of whom
65 underwent other resection (all of which were T4).
Four hundred fifty-four cases were treated with D1+
radical resection, and 331 cases were treated with D2
radical resection. Most patients with stage IB cancer did
not receive chemotherapy following surgery. A small
number of patients with stage IB cancer with high-risk
factors (well cancer cell differentiation, vascular cells,
high Ki-67 expression) and patients with stage II or
more advanced cancer received postoperative adjuvant
chemotherapy. The chemotherapy administered was 5-
FU + OXA. Patients with stage III/IV cancer were ad-
ministered taxanes via peritoneal perfusion as the pri-
mary adjuvant chemotherapy. Although peritoneal
perfusion chemotherapy was recommended by Consen-
sus of Chinese expert, and the result from PHOENIC-
GC has also indicated that the patients could benefit
from peritoneal perfusion chemotherapy [1]. None of
the patients in this group received postoperative adju-
vant radiotherapy or concurrent radiotherapy.

Postoperative pathology
Patient tumors included 752 cases of adenocarcinoma
(121 cases of well-differentiated papillary or tubular
adenocarcinoma, 154 cases of moderately differentiated
mucinous adenocarcinoma, and 477 cases of poorly dif-
ferentiated carcinoma, of which 120 cases were signet
ring cell carcinoma), 20 cases of acanthoadenocarci-
noma, and 13 cases of adenocarcinoma associated with
neuroendocrine carcinoma. The tumor had invaded the
intrinsic layer and submucosal layer (T1) in 25 cases. In-
vasion of the muscle layer, but not the serosal layer (T2),
occurred in 305 cases, and 455 tumors had broken
through the serosal layer or exhibited peripheral viscera
invasion (T3, T4). The number of lymph nodes affected

ranged from 5 to 46, and 713 cases exhibited lymph
node metastasis. Of these 713 cases, 638 patients had
less than 7 positive lymph nodes (N1, N2) and 75 pa-
tients had more than 7 positive lymph nodes (N3). Sixty-
nine cases were stage IB, 228 cases were stage II, 393
cases were stage III, and 95 cases were stage IV, which
indicated that middle-to-late stages accounted for the
majority of cases.

Progression rate and initial progression location
By the date of follow-up (December 2018), 405 patients
had experienced recurrence or metastasis, with a pro-
gression rate of 51.6%, and the median time to first pro-
gression was 37 months. These included 315 cases of
single site recurrence or metastasis and 90 cases of sim-
ultaneous progression of 2 or more sites. There were
161 cases of regional recurrence and 244 cases of non-
local recurrence or metastasis (96 cases of intraperito-
neal metastasis and 148 cases of extraperitoneal distant
metastasis). Local recurrence manifested primarily as re-
gional lymph node metastasis, followed by recurrence of
anastomosis or/and residual stomach cancer. A small
number of patients experienced tumor bed recurrence,
and duodenal stump recurrence was rare. Intra-
abdominal viscera metastasis was mostly observed in the
liver, ovary, and spleen. Extraperitoneal distal metastasis
was most common in the lungs, mediastinum, neck, and
supraclavicular lymph nodes. Bone was the third most
common metastatic site (shown in Table 1). The local
recurrence rate was significantly lower than the non-
local progression rate (intraperitoneal metastasis+ dis-
tant metastasis) (20.5% vs 31.5%, p=0.007).

Association of first site of progression with
clinicopathological parameters
The results of subgroup analysis based on clinicopatho-
logical parameters are shown in Table 2. The overall
progression rate of cardiac carcinoma was similar to that
of gastric body/sinus carcinoma. There was no statisti-
cally significant difference in local recurrence rate (p=
0.54) or non-local recurrence rate (p=0.11) between car-
diac carcinoma and gastric body/sinus carcinoma. The
overall progression rate of patients with low differenti-
ation was significantly higher than that of patients with
moderate-to-well differentiation. The local recurrence
rate in patients with low differentiation was significantly
higher than that in patients with moderately-to-well dif-
ferentiated cancer (p=0.001). In contrast, the non-local
metastasis rate did not differ with level of differentiation
(p=0.39). The total progression rate of patients with
stage III/IV cancer was significantly higher than that of
patients with stage I/II cancer. The local recurrence rate
of patients with stage III/IV cancer was significantly
higher than that in patients with stage I/II cancer (p=
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0.03), and the nonlocal transfer rate was significantly
higher in patients with stage III/IV cancer than that in
patients with stage I/II cancer (p=0.004).

Single factor analysis of local recurrence following gastric
cancer surgery
Univariate analysis of clinical or pathological factors that
may have influenced postoperative local recurrence of
gastric cancer was performed (Table 3). The results
showed that gender, age, gastric cancer site, surgical re-
section scope, and presence or absence of endoscopic
vascularized tumor thrombus were not associated with
local recurrence rate (p>0.05). In contrast, degree of dif-
ferentiation, T stage, and TNM clinical stage of cancer
cells were significantly correlated with postoperative
local recurrence rate of gastric cancer (p<0.05). In
addition, while patients with stage N2 and N3 cancer
had an increased local recurrence rate, the rate of distant
metastasis was higher.

Single factor analysis of local recurrence following cardiac
cancer surgery
Univariate analysis of clinical or pathological factors that
may have influenced postoperative local recurrence of
cardiac cancer was performed (Table 4). Among the 256
cardiac cancer patients, 146 were males and 110 were fe-
males (1.3:1 ratio). The tumors included 256 cases of
adenocarcinoma (6 cases of well differentiation; 11 cases
of moderate differentiation; and 156 cases of low differ-
entiation). The tumor had invaded the intrinsic layer
and submucosal layer (T1) in 7 cases. Invasion of the
muscle layer, but not the serosal layer (T2), occurred in
102 cases, and 147 tumors had broken through the se-
rosal layer or exhibited peripheral viscera invasion (T3,
T4). The results showed that gender, age, and presence
or absence of endoscopic vascularized tumor thrombus
were not associated with local recurrence rate (p > 0.05).
In contrast, degree of differentiation, T stage, and TNM
clinical stage of cancer cells were significantly correlated
with postoperative local recurrence rate of cardiac

Table 1 Detailed information of the first progression pattern after gastric cancer surgery

The location of the first progress Number The proportion of all cases(%) The proportion of advanced cases(%)

Local recurrence 161

Anastomotic recurrence 53 6.8 13.8

Regional lymph node metastasis 67 8.5 17.4

The residual stomach cancer 23 2.9 5.9

Duodenal stump recurrence 13 1.6 3.4

The abdominal wall incision recurred 5 0.6 1.3

Peritoneal dissemination 37

Cancerous ascites 30 3.8 7.8

Mesenteric tubercle 7 0.9 1.8

Abdominal visceral metastasis 59

Liver 42 5.4 10.9

Ovary 12 1.5 3.1

Adrenal gland 5 0.6 1.3

Distant metastasis 148

Pulmonary ± mediastinal lymph nodes 52 6.6 13.5

Cervical and supraclavicular lymph nodes 37 4.7 9.6

Brain 23 2.9 6

Bone 39 5 10.1

Bone marrow 1 0.1 0.3

Table 2 Probability of first failure sites under different clinicopathological parameters (%)

First failure site Cancer of the stomach area (n, %) The degree of differentiation of cancer cells (n, %) TNM staging (n, %)

Cardiac cancer Gastric body/gastric sinus Moderate-well differentiation Low differentiation I/II III/IV

Local recurrence 71 (27.7) 90 (17.0) 41 (14.9) 120 (25.1) 49 (16.5) 112 (22.9)

Non-local recurrence 123 (47.4) 121 (22.8) 87 (29.3) 157 (32.2) 73 (24.6) 171 (35)
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cancer (p < 0.05). The local recurrence rate in patients
with low differentiation was significantly higher than
that in patients with moderately-to-well differentiated
cancer (p=0.005), in addition, while patients with stage
N2 and N3 cancer had an increased local recurrence
rate.

Multivariate Cox regression analysis of postoperative
local recurrence of gastric cancer and cardiac cancer
Multivariate Cox regression analysis showed that
poorly differentiated cancer cells and more advanced
T staging (T3, T4) were associated with a significantly
higher local recurrence rate. There were no statisti-
cally significant differences in lymph node metastasis.

However, subgroup analysis showed that the local re-
currence rate of patients with stage N2 cancer was
high, and patients with stage N3 cancer experienced
more distant metastasis than local recurrence (Tables
5 and 6). In the multivariate analysis, TNM stage did
not show any correlation with local recurrence rate.

Discussion
Current treatment for gastric cancer typically involves
surgery and laparoscopic gastrectomy [6, 7]. More than
60% gastric cancer patients experienced recurrence after
surgery [8]. Postoperative local recurrence, regional re-
currence, and distant metastasis are common following
surgical intervention for gastric cancer. Peritoneal

Table 3 Single factor analysis of local recurrence after gastric cancer surgery
Factors Number of cases (%) Local recurrence rate P

Gender 0.49

Male 98/496 19.7

Female 63/289 21.8

Age 0.740

<55 41/208 19.7

>55 120/577 20.8

Cancer of the stomach area 0.721

Cardiac cancer 71/356 19.9

Gastric body/gastric sinus cancer 90/429 20.9

Histological classification 0.001

Well differentiation 12/121 9.9

Moderate differentiation 29/154 18.8

Low differentiation (including signet ring cell carcinoma) 120/477 25.2

Surgical resection range 0.487

Partial gastrectomy 116/548 21.2

Total gastric resection 45/237 19

Vascular tumor emboli 0.577

With 59/273 21.6

Without 102/512 19.9

T Staging ≤0.001

T1 1/25 4

T2 44/305 14.4

T3 82/390 21

T4 34/65 52.3

N Staging 0.013

N0 11/72 15.3

N1 64/382 16.8

N2 65/256 25.4

N3 21/75 28

TNM Clinical staging 0.010

Ib 17/69 24.6

II 32/228 14

III 84/393 21.4

IV(M0) 28/95 29.5
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Table 4 Single factor analysis of local recurrence after cardiac cancer surgery

Factors Number of cases (%) Local recurrence rate P

Gender 0.671

Male 42/146 28.8

Female 29/110 26.4

Age 0.939

<55 20/73 27.4

>55 51/183 27.9

Histological classification 0.005

Well differentiation 6/49 12.2

Moderate differentiation 11/51 21.6

Low differentiation (including signet ring cell carcinoma) 54/156 34.6

Vascular tumor emboli 0.641

With 22/85 25.9

Without 49/171 28.7

T staging <0.001

T1 1/7 14.3

T2 16/102 15.7

T3 31/112 27.7

T4 23/35 65.9

N staging 0.022

N0 3/22 13.6

N1 30/128 23.4

N2 27/84 32.1

N3 11/22 50.0

TNM clinical staging 0.014

Ib 3/21 14.3

II 16/78 20.5

III 39/131 29.8

IV(M0) 13/26 50.0

Table 5 Multivariate analysis of local recurrence after gastric cancer surgery

Factors Number of cases (%) HR (95% CI) P

Histological classification

Moderate-to-well differentiation (reference) 41 1.00

Low differentiation (including signet ring cell carcinoma) 120 2.15 (1.25–3.86) 0.007

T staging 0.001

T1+T2 (reference) 45 1.00

T3 82 3.99 (1.77–9.02) 0.001

T4 34 3.51 (0.64–8.94) ≤0.001

N staging 0.24

N0 (reference) 11 1.00

N1 64 3.28 (1.02–10.57) 0.06

N2 65 3.16 (1.01–9.88) 0.04

N3 21 3.31 (0.69–15.83) 0.33
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involvement and pre-treatment platelet-lymphocyte ratio
were associated with poor overall survival in gastric can-
cer patients [9, 10]. Comprehensive measures were ad-
vised according to the pathophysiology of gastric cancer
[11]. Approval of postoperative adjuvant radiotherapy
for gastric cancer in the USA was based on two factors.
First, adjuvant chemotherapy failed to reduce the local
recurrence rate and improve survival in patients who
had undergone surgical treatment for gastric cancer
[12]. Second, the results of two clinical trials, including
the INT 0116 study, showed that the median survival
period of patients who underwent adjuvant chemoradio-
therapy following gastric cancer surgery was significantly
longer than that of patients who only underwent surgery
[1, 13]. Therefore, postoperative chemoradiotherapy for
gastric cancer has become the standard of postoperative
treatment in North America. However, the INT 0116
study suffered from some limitations that prevented
widespread recognition of the results regarding adjuvant
chemoradiotherapy. The patients enrolled in the study
ranged from stage IB to stage IV (M0). In addition, most
of the patients in the study underwent D0 radical sur-
gery, which accounted for 54% of the subjects in the
study. Very few (10%) of the subjects underwent D2 sur-
gery. The results showed that patients who underwent
D0 surgical resection benefited from adjuvant chemora-
diotherapy. Gastric cancer patients with D1 or D1 plus
lymphadenectomy can benefit from postoperative radio-
therapy [14]. However, D2 surgery has become a first
line therapeutic approach in Asia and Europe [15–17].
Furthermore, the NCCN guidelines recommended D2
radical resection whenever possible. Therefore, the INT
0116 study did not reflect current guidelines for treat-
ment of gastric cancer. In addition, the INT 0116 study
used CF/5-FU as the chemotherapeutic strategy. This
treatment approach was inefficient and was not repre-
sentative of better chemotherapeutic drugs currently

used to treat gastric cancer. Many studies have reported
that adjuvant chemotherapy significantly reduced recur-
rence and prolonged survival [18, 19]. Furthermore, the
INT 0116 study compared postoperative radiotherapy
and chemotherapy to surgery alone. This resulted in an
inability to determine whether curative effects were due
to radiotherapy or chemotherapy. Previous reports
showed that postoperative radiation alone did not pro-
long survival [20], so the survival benefit of chemoradio-
therapy may derive from the addition of chemotherapy.
Postoperative treatment of gastric cancer in Asian coun-
tries showed results that differed from the INT 0116
study. Standard D2 surgery and postoperative chemo-
therapy improved patient survival [21]. The 5-year sur-
vival rate of patients with locally advanced gastric cancer
treated with surgery alone in Japan and South Korea
reached 70%, which was far higher than the 42% 5-year
survival rate report in the USA. Therefore, improve-
ments in surgical methods and development of more ef-
fective chemotherapeutic drugs has resulted in better
treatment of gastric cancer, and the postoperative local
recurrence rate has been significantly reduced. Batista
suggested that these improvements highlighted the need
to evaluate whether postoperative adjuvant radiotherapy
would also benefit patients undergoing D2 radical sur-
gery [22].
A number of clinical trials have been designed to study

the effects of adjuvant chemoradiotherapy following D2
radical resection of gastric cancer. A prospective Korean
study (ARTIST) showed that patients with lymph node
metastasis who received postoperative adjuvant chemo-
radiotherapy following D2 radical surgery exhibited lon-
ger disease-free survival time than those who received
chemotherapy alone [23]. Kim et al. showed that chemo-
radiotherapy improved survival of patients with ad-
vanced stage gastric cancer (particularly stage III) to a
greater extent than those who received chemotherapy

Table 6 Multivariate analysis of local recurrence after cardiac cancer surgery

Factors Number of cases (%) HR (95% CI) P

Histological classification

Moderate-to-well differentiation (reference) 17 1.00

Low differentiation (including signet ring cell carcinoma) 54 2.02 (1.18–3.46) 0.010

T staging 0.001

T1+T2 (reference) 17 1.00

T3 31 3.76 (1.81–7.81) <0.001

T4 23 3.43 (1.24–9.49) 0.018

N staging 0.068

N0(reference) 3 1.00

N1 30 2.79 (1.08–7.21) 0.034

N2 27 3.35 (1.12–10.02) 0.031

N3 11 3.05 (0.59–15.77) 0.183
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alone [24]. Endostar combined with radiotherapy can in-
hibit tumor growth [25]. These studies suggested that
postoperative radiotherapy may benefit patients with
gastric cancer who are at high risk of recurrence. At
present, D2 radical gastrectomy for treatment of gastric
cancer is widely practiced. However, due to the high
proportion of locally advanced gastric cancer, inclusion
of postoperative adjuvant therapy is critical. The neces-
sity of inclusion of adjuvant radiotherapy for treatment
of Chinese patients with gastric cancer has not been de-
termined. Furthermore, if it is not necessary for all pa-
tients, and the subgroups that need adjuvant radiation
require further definition. Zhu et al. showed that postop-
erative adjuvant chemoradiotherapy prolonged disease-
free survival to a greater extent than postoperative
chemotherapy alone in patients with gastric cancer who
underwent D2 radical surgery, but there was no differ-
ence in overall survival [26]. A recent meta-analysis
showed that adjuvant chemoradiotherapy improved
disease-free survival, to a greater extent than adjuvant
chemotherapy in patients who underwent surgery to
treat locally advanced gastric cancer. These findings in-
dicated that the utility of postoperative adjuvant radio-
therapy is still unclear [4, 27].
The degree of local recurrence following gastric cancer

surgery determines the necessity for postoperative radio-
therapy. Some studies have suggested that local recur-
rence occurred more frequently than peritoneal
implantation metastasis and distant metastasis following
surgery to treat gastric cancer [28–32]. Our study of 785
patients who received postoperative adjuvant chemo-
therapy resulted in 161 cases of local recurrence as the
first progression and 244 cases of non-local recurrence
as the first progression. This finding indicated that the
local recurrence rate of patients who underwent D1/D2
radical surgery was lower than that of non-local recur-
rence, which was similar to the results of another study
[13]. The reason for this result following D1/D2 radical
surgery may have been because these procedures were
thorough and standardized and resulted in adequate
local removal. In contrast, drug selection may have re-
sulted in the discrepancy between local and distant re-
currence. These patients did not receive survival benefits
from local radiotherapy. Therefore, only 140 cases
(17.8%) were suitable for adjunctive radiotherapy, which
was far lower than the 244 cases with non-local recur-
rence (31.1%). These results suggested that the progres-
sion pattern of patients with gastric cancer who
underwent D1 and D2 radical surgery and postoperative
standardized chemotherapy was mainly distant metasta-
sis. A previous study showed that the postoperative pro-
gression pattern for early stage patients with gastric
cancer was also mainly distant metastasis [33]. Not all
patients with gastric cancer needed adjuvant

radiotherapy following surgery. Multivariate analysis
showed that patients with cancer cells with low differen-
tiation, deep invasion (T3, T4), and lymph node metasta-
sis had a high local recurrence rate, which was similar to
results from previous studies [34, 35]. Furthermore, pa-
tients with stage N3 cancer were more prone to distant
metastasis, but were not at increased risk for local recur-
rence. We concluded that the T2-3N3M0 and T4N2-
3M0 subgroups among patients with stage IV cancer
were at higher risk of distant metastases and were candi-
dates for systemic chemotherapy. However, the local re-
currence rate in the T4N1-2M0 subgroup was higher,
which indicated that patients in this subgroup were can-
didates for postoperative adjuvant radiotherapy. There
was no significant difference in the total survival be-
tween patients who received chemoradiotherapy and
those who received adjuvant chemotherapy, but the side
effects associated with chemoradiotherapy were signifi-
cantly more severe than those associated with chemo-
therapy alone [1, 36]. Seventeen percent of the patients
in the INT 0116 trial withdrew from the trial because of
excessive radiation side effects. Postoperative adjuvant
radiotherapy for treatment of gastric cancer should be
used with caution.
However, there are still some limitations in this case

search. For example, we found that most of the patients
had completed chemotherapy, but due to the limitation
of time and manpower, we failed to make further statis-
tics on the completion rate of chemotherapy. Of course,
in clinical practice, we strictly followed the requirements
of the guidelines, reduced the amount of patients with
side effects, and also observed that most of the patients
had completed postoperative chemotherapy. Besides, it
is also hard to provide the subgroup analysis in 65 pa-
tients of gastrectomy combined with other visceral re-
sections since the surgical record has a long history.
Because of the time span of patients’ inclusion and the
different clinical stages according to different standards,
it is inevitable that some bias may be caused in clinical
practice and the results of this study. Though there are
some limitations in this study, it is still expected that
there are some interesting findings of this research. The
local recurrence rate in patients with gastric cancer who
received adjuvant chemotherapy (including systemic
chemotherapy and peritoneal perfusion chemotherapy)
following D1/D2 radical surgery was low, but the non-
local recurrence/metastasis rate was higher. Therefore,
most patients with gastric cancer did not need adjuvant
radiotherapy.

Conclusions
Our data suggested that patients with risk factors such
as poor differentiation of cancer cells, advanced T sta-
ging, and positive lymph nodes were candidates for
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adjuvant radiotherapy. Patients with stage N3 gastric
cancer were more likely to develop distant metastases,
and the T4N1-2M0 subgroup was more likely to benefit
from local radiotherapy.
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