
Abstract. Background/Aim: In the Japanese Classification
of Gastric Carcinoma, T4a gastric cancer is defined as
tumor invasion contiguous to the serosa or penetrating the
serosa with exposure to the peritoneal cavity. The aim of this
study was to assess the impact of T4a subclassification of
gastric cancer on survival. Patients and Methods: A total of
326 patients with T4a cancer who had undergone
gastrectomy were enrolled. The T4a tumors were classified
into two groups: serosa-contiguous or serosa-exposed.
Results: The serosa-exposed group had a significantly worse
prognosis, and multivariate analysis identified the T4a
subclass as an independent prognostic factor. Analysis of the
risk factors for recurrence identified the T4a subclass as a
significant risk factor for peritoneal recurrence in patients
undergoing curative gastrectomy. Conclusion: The serosa-
contiguous and serosa-exposed subgroups of T4a gastric
cancer showed different biological behaviors. These groups
may need to be treated as separate.

Although the prognosis of patients with gastric cancer, which
is the fifth most commonly diagnosed malignant tumor in the
world, continues to improve, gastric cancer remains the third
leading cause of cancer-related death worldwide (1). It is
widely accepted that the most important prognostic
indicators in patients with gastric cancer are the depth of
invasion of the gastric wall and the status of lymph node

metastasis (2-4). Therefore, accurate/optimal categorization
of the invasion depth and lymph node metastasis is critical
for determining the disease extent, treatment planning, and
prediction of the outcome (5). In Japan, treatment for gastric
cancer is guided by the Japanese Classification of Gastric
Carcinoma (JCGC) (6). 

In the JCGC, the depth of invasion (T1) is divided into
T1a (mucosa, M) and T1b (submucosa, SM). T2 and T3 are
defined as invasion up to the muscularis propria (MP) and
subserosa (SS), respectively. T4 is divided into T4a (invasion
of the serosa, SE) and T4b (invasion of adjacent structures,
SI). T4a is defined as tumor invasion contiguous to the
serosa or penetrating the serosa with exposure to the
peritoneal cavity (6). However, few studies have compared
the clinicopathological characteristics of tumors contiguous
to the serosa and tumors exposed beyond the serosa in
patients with T4a gastric cancer (7). Many studies examining
the status of serosal invasion of the tumor have focused on
the changes in the macroscopic appearance of the serosa
caused by tumor invasion, that is, changes in the
color/morphology of the serosal surface (8-11) and/or the
width of serosal invasion (12, 13). The objectives of this
study were to investigate the clinical significance of
subclassification of T4a gastric cancer into two groups: the
tumor-contiguous group, with tumor invasion contiguous to
the serosa, and the tumor-exposed group, with the tumor
invading beyond the serosa and exposed to the peritoneal
cavity and to assess the impact of this subclassification on
the survival of patients with T4a gastric cancer.

Patients and Methods
Patients. Between January 2006 and June 2020, 1,468 patients with
gastric cancer underwent gastrectomy at the Department of
Gastroenterological Surgery of Tokai University School of Medicine.
Of these, 326 were classified as having T4a cancer based on the
tumor invasion depth. In the present retrospective study, we analyzed
the data of these 326 patients. The gross classification and
histopathological classification were based on the JCGC published by
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the Japanese Gastric Cancer Association (6). Staging was performed
according to the American Joint Committee on Cancer (AJCC)
staging manual, eighth edition (14). Patients were mainly followed-
up on an outpatient basis at our hospital; however, those who had
moved to other institutions were asked relevant questions over the
phone. Follow-up was continued until June 2021, with a median
duration of follow-up of 1,167 days (range=64-4,901 days). Tumor
recurrence was confirmed by relevant investigations in patients in
whom it was suspected on clinical grounds. In some patients, the
initial recurrence was diagnosed at two or more sites, and in such
patients, all of the sites were counted as sites of initial recurrence.

This research was conducted in accordance with the ethical
standards of the institutional research committee and the 1964
Declaration of Helsinki and its later amendments. The study design
and the informed consent provided by all study subjects were both
approved by the institutional review board of Tokai University
Hospital (registration number 21R-122).

Definition of the T4a subclasses. The resected stomach was opened
and placed on a flat board with the mucosal side up, and fixed in
10% formalin. After fixation, the neoplasm was sectioned along the
maximum cross-sectional plane parallel to the lesser curvature,
based on the general rules of the JCGC (6). Several additional
sections parallel to the maximum cross-sectional plane and one
section perpendicular to this plane were prepared to identify the area
with the deepest invasion. T4a gastric cancers were subclassified
into a group in which the tumor invasion was contiguous to the
serosa (serosa-contiguous group) and a group in which the tumor
invasion penetrated the serosa and was exposed to the peritoneal
cavity (serosa-exposed group), according to the JCGC (6) (Figure
1). One patient in whom the tumor invasion was contiguous to the
serosa in one area, but was exposed beyond the serosa in another
area was classified into the serosa-exposed group. 

Statistical analysis. The chi-squared test was used to compare
categorical data, and the Mann-Whitney U-test to compare
continuous variables. Overall survival (OS) was defined as the time
period from operation to death from any cause. Survival curves
were estimated using the Kaplan-Meier method, and survival times
were compared using the log-rank test. Multivariate logistic
regression analysis was applied to identify the clinicopathologic
factors significantly correlated with recurrence, and a Cox
proportional hazards model was used to identify factors significantly

correlated with the prognosis. Factors that were identified as being
significant on univariate analysis and essential and additional
prognostic factors for survival as specified by the AJCC staging
manual, eighth edition, were selected as the covariates (14). p<0.05
was considered as being indicative of statistical significance. All the
statistical analyses were performed using SPSS, version 26.0J (IBM
Corp., Armonk, NY, USA).

Results

Clinicopathologic characteristics according to the T4a
subclass. Of the 326 patients with T4a gastric cancer, 93 were
classified into the serosa-contiguous group and 233 into the
serosa-exposed group. We compared the clinicopathological
factors between the two groups (Table I). As compared with
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Figure 1. Pathological features of T4a gastric cancer (hematoxylin-
eosin staining, ×100). A) Tumor invasion was contiguous to the serosa
(arrow). B) Tumor invasion penetrated the serosa with exposure to the
peritoneal cavity (arrow).

Table I. Association between clinicopathological parameters and T4a
subclass.

Variable                         Serosa-contiguous     Serosa-exposed    p-Value
                                                (n=93)                     (n=233)
                                              n (%)                        n (%)                   

Age (years)                                                                                            
   <70                                    44 (47.3)                 129 (55.4)           0,188
   ≥70                                     49 (52.7)                 104 (44.6)                
Sex                                                                                                         
   Male                                   62 (66.7)                 160 (68.7)           0,726
   Female                               31 (33.3)                  73 (31.3)                 
Gross type                                                                                             
   Circumscribed                   51 (54.8)                  60 (25.8)            0,001
   Infiltrative                         42 (45.2)                 173 (74.2)                
Tumor size (cm)                                                                                    
   <7.0                                   66 (71.0)                  99 (42.5)            0,001
   ≥7.0                                    27 (29.0)                 134 (57.5)                
Resection type                                                                                       
   Subtotal gastrectomy        62 (66.7)                 136 (58.4)           0,166
   Total gastrectomy             31 (33.3)                  97 (41.6)                 
Histologic type                                                                                      
   Differentiated                    39 (41.9)                  80 (34.3)            0,198
   Undifferentiated                54 (58.1)                 153 (65.7)                
Lymphatic invasion                                                       
   Negative                            12 (12.9)                   11 (4.7)             0,009
   Positive                              81 (87.1)                 222 (95.3)                
Venous invasion                                                                                    
   Negative                            18 (19.4)                   22 (9.4)             0,014
   Positive                              75 (80.6)                 211 (90.6)                
Lymph node metastasis                                                                         
   N0                                      28 (30.1)                  30 (12.9)            0,001
   N1                                      16 (17.2)                  31 (13.3)                 
   N2                                      17 (18.3)                  46 (19.7)                 
   N3                                      32 (34.4)                 126 (54.1)                
Stage                                                                                                      
   II                                        28 (30.1)                  27 (11.6)            0,001
   III                                       52 (55.9)                 116 (49.8)                
   IV                                       13 (14.0)                  90 (38.6)                 
Residual tumor                                                                                      
   Negative                            82 (88.2)                 153 (65.7)           0,001
   Positive                              11 (11.8)                  80 (34.3)



the serosa-contiguous group, the serosa-exposed group
showed significantly higher frequency of the macroscopic
infiltrative type of tumor (p=0.001), a larger tumor diameter
(p=0.001), a higher frequency of patients with more advanced
disease stage (p=0.001), and a higher frequency of patients
with residual tumor (p=0.001).

Correlation of the T4a subclass with prognosis. The 5-year OS
rates in the serosa-contiguous and serosa-exposed groups were
51.1% and 23.8%, respectively, indicating a significantly
worse prognosis in the serosa-exposed group as compared
with that in the serosa-contiguous group (p=0.001) (Figure 2).
The prognostic impact of the T4a subclass was evaluated by
univariate and multivariate analyses (Table II). Univariate
analysis identified the gross tumor type, tumor size, lymphatic
invasion, lymph node metastasis, distant metastasis, residual
tumor, and T4a subclass as significant prognostic factors.
Multivariate analysis identified distant metastasis and the T4a
subclass as independent prognostic factors. 

Relationship between the T4a subclass and the prognosis by
disease stage. The prognostic impact of the T4a subclass for
each disease stage was evaluated. There were 55 stage II
patients, including 28 in the serosa-contiguous group and 27
in the serosa-exposed group. Univariate and multivariate
analyses identified the T4a subclass as the only independent
prognostic factor (Table III). Next, the prognosis of the stage
II patients, including the serosa-contiguous and serosa-
exposed groups, was compared with that of the 168 stage III
patients. The 5-year survival was 74.7% in the stage II serosa-
contiguous group, 33.4% in the stage II serosa-exposed

group, and 30.9% in the stage III patients. Thus, in stage II
patients, the prognosis was significantly worse in the serosa-
exposed group than in the serosa-contiguous group (p=0.004),
and the serosa-exposed group and stage III patients showed
overlapping survival curves and no significant difference in
the prognosis (p=0.325) (Figure 3). Of the 168 stage III
patients, 52 were classified into the serosa-contiguous group
and 116 into the serosa-exposed group. Univariate and
multivariate analyses were performed to identify the
prognostic factors. Univariate analysis identified the gross
tumor type, lymph node metastasis, and T4a subclass as
significant factors influencing prognosis. Multivariate
analysis identified the resection type and lymph node
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Figure 2. Kaplan-Meier curves and log-rank test for overall survival
(OS) of all patients according to the T4a subclass. The prognosis was
significantly worse in the serosa-exposed group than that in the serosa-
contiguous group (p=0.001).

Table II. Univariate and multivariate analyses of prognostic factors for overall survival of all patients.

Variables Comparison Overall survival

Univariate analysis Multivariate analysis

HR 95%CI p-Value HR 95%CI p-Value

Age (years) <70 vs. ≥70 0,889 0.667-1.167 0,397                    0,923 0.696-1.224              0,577
Sex Male vs. female 0,822 0.610-1.107 0,196                                               
Gross type Circumscribed vs. 2,191 1.596-3.007 0,001                    1,406 0.990-1.996              0,057

infiltrative
Tumor size (cm) <7.0 vs. ≥7.0 1,834 1.395-2.410 0,001                    1,069 0.780-1.466              0,679
Resection type SG vs. TG 1,248 0.945-1.650 0,119                    1,118 0.834-1.500              0,455
Histologic type Differentiated vs. 1,165 0.879-1.545 0,288                    1,067 0.796-1.432              0,663

undifferentiated
Lymphatic invasion Negative vs. positive 2,608 1.285-5.290 0,008                    1,66 0.790-3.491              0,181
Venous invasion Negative vs. positive 1,228 0.809-1.865 0,335                    0,831 0.534-1.292              0,411
Lymph node metastasis Negative vs. positive 2,4 1.567-3.674 0,001                    1,417 0.895-2.243              0,137
Distant metastasis Negative vs. positive 3,334 2.527-4.400 0,001                    2,38 1.280-4.425              0,006
Residual tumor Negative vs. positive 3,066 2.311-4.069 0,001                    1,088 0.582-2.034              0,792
T4a subclass Contiguous vs. exposed 2,577 1.811-3.666 0,001                    1,994 1.377-2.887              0,001

CI: Confidence interval; HR: hazard ratio; SG: subtotal gastrectomy; TG: total gastrectomy.



metastasis as independent prognostic factors (Table IV). Only
12 stage IV patients underwent curative resection; therefore,
they were not evaluated for prognostic factors. 

Relationship between the T4a subclass and recurrence
pattern. The relationship between the T4a subclass and the
recurrence pattern was examined in the stage II and III
patients. Of all the patients, 80 were classified into the
serosa-contiguous group and 143 into the serosa-exposed
group. The recurrence rate was 33.8% (27/80) in the serosa-
contiguous group and 62.9% (90/143) in the serosa-exposed
group, indicating a significantly higher incidence of
recurrence in the serosa-exposed group (p=0.001). Analysis
according to the recurrence pattern revealed that the
incidence of peritoneal recurrence was 21.3% (17/80) in the
serosa-contiguous group and 36.4% (52/143) in the serosa-
exposed group; the incidences of lymph node recurrence
were 13.8% (11/80) and 20.3% (29/143), and those of
hematogenous recurrence were 15.0% (12/80) and 18.9%
(27/143) in the two groups, respectively. Thus, the peritoneal
recurrence rate was significantly higher in the serosa-
exposed group (p=0.019). The impact of the T4a subclass on
the likelihood of peritoneal recurrence was evaluated by
univariate and multivariate analyses. The T4a subclass and
histologic type were identified as independent risk factors for
peritoneal recurrence (Table V).

Discussion

Even with the development of standardized D2
lymphadenectomy (15) and postoperative adjuvant
chemotherapy (16, 17) for advanced gastric cancer, the
survival outcomes still remain unsatisfactory, with gastric

cancer accounting for a third of all cancer-related deaths
worldwide (1). Patients, especially those with T4 disease,
often suffer from recurrence within the first 5 years after
curative resection. A better understanding of the prognostic
factors and recurrence patterns in patients with T4 gastric
cancer will help clinicians adopt more intensive treatment
strategies for high-risk patients. In the JCGC, T4 gastric
cancer is divided into T4a and T4b; T4a gastric cancer is
defined as tumor invasion contiguous to the serosa or
penetrating the serosa with exposure to the peritoneal cavity
(6). That is, the biological behaviors of the tumors are
considered to be comparable between the serosa-contiguous
group and serosa-exposed groups of patients with T4a gastric
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Table III. Univariate and multivariate analyses of prognostic factors for overall survival of stage II patients.

Variables Comparison Overall survival

Univariate analysis Multivariate analysis

HR 95%CI p-Value HR 95%CI p-Value

Age (years) <70 vs. ≥70 1,409 0.616-3.233 0,416                   1,476 0.623-3.495 0,377
Sex Male vs. female 0,581 0.239-1.413 0,231                     
Gross type Circumscribed vs. 1,897 0.820-4.385 0,134

infiltrative                          
Tumor size (cm) <7.0 vs. ≥7.0 1,222 0.453-3.298 0,692                     
Resection type SG vs. TG 1,547 0.677-3.533 0,301                   1,509 0.589-3.866 0,391
Histologic type Differentiated vs. 0,689 0.304-1.562 0,372                   0,604 0.248-1.474 0,268

undifferentiated
Lymphatic invasion Negative vs. positive 1,074 0.398-2.894 0,888                   0,845 0.282-2.532 0,763
Venous invasion Negative vs. positive 0,743 0.292-1.890 0,532                   0,666 0.254-1.747 0,409
T4a subclass Contiguous vs. exposed 3,585 1.408-9.126 0,007                   4,427 1.682-11.652 0,003

CI: Confidence interval; HR: hazard ratio; SG: subtotal gastrectomy; TG: total gastrectomy.

Figure 3. Kaplan-Meier curves and log-rank test for overall survival
(OS) in the stage II serosa-contiguous group, stage II serosa-exposed
group, and stage III patients. The stage II serosa-exposed group had a
significantly worse prognosis than the stage II serosa-contiguous group
(p=0.004). The stage II serosa-exposed group and stage III patients
showed no significant difference in prognosis (p=0.325).



cancer. However, few studies have investigated the differences
in the clinicopathological characteristics between these groups
(7), and the findings of present study are expected to be useful
for elucidating the pathogenesis of T4 gastric cancer.

The analyses in this study revealed that in patients with
T4a gastric cancer, the serosa-exposed group had a higher
frequency of patients with more advanced stage and residual
tumor, and worse 5-year survival rates as compared with the
serosa-contiguous group. Multivariate analysis identified the
serosa-exposed T4a subclass as an independent poor
prognostic factor, suggesting different biological behaviors of

the tumors between the serosa-contiguous and serosa-exposed
groups. The serosa is a visceral peritoneal layer covering the
surface of the stomach that is lined by mesothelial cells, a
basement membrane, and a submesothelial layer and only
allows passage of water, electrolytes, urea, and small
molecules. Therefore, in theory, an intact serosa can limit the
progression of cancer and prevent cancer cells from entering
and becoming implanted into the peritoneal cavity (7). It is
the disruption of this serosal barrier that is considered to
result in the worse prognosis in the serosa-exposed group as
compared with that in the serosa-contiguous group. 
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Table IV. Univariate and multivariate analyses of prognostic factors for overall survival of stage III patients.

Variables Comparison Overall survival

Univariate analysis Multivariate analysis

HR 95%CI p-Value HR 95%CI p-Value

Age (years) <70 vs. ≥70 0,874 0.606-1.261 0,472                   0,981 0.675-1.426 0,92
Sex Male vs. female 0,843 0.568-1.252 0,398                     
Gross type Circumscribed vs. 1,664 1.124-2.463 0,011                   1,498 0.986-2.274 0,058

infiltrative
Tumor size (cm) <7.0 vs. ≥7.0 1,351 0.937-1.949 0,107                     
Resection type SG vs. TG 1,437 0.988-2.089 0,058                   1,646 1.113-2.435 0,013
Histologic type Differentiated vs. 0,856 0.591-1.239 0,409                   0,764 0.515-1.132 0,179

undifferentiated
Lymphatic invasion Negative vs. positive 3,911 0.965-15.850 0,056                   4,222 0.984-18.119 0,053
Venous invasion Negative vs. positive 1,147 0.644-2.045 0,641                   0,666 0.352-1.257 0,21
Lymph node metastasis N1, N2 vs. N3 1,55 1.066-2.252 0,022                   1,488 1.007-2.200 0,046
T4a subclass Contiguous vs. exposed 1,641 1.070-2.518 0,023                   1,379 0.883-2.154 0,158

                         
CI: Confidence interval; HR: hazard ratio; SG: subtotal gastrectomy; TG: total gastrectomy.                        

Table V. Univariate and multivariate analyses of risk factors for peritoneal recurrence of stage II-III patients.

Variables Comparison Peritoneal recurrence

Univariate analysis Multivariate analysis

OR 95%CI p-Value OR 95%CI p-Value

Age (years) <70 vs. ≥70 0,62 0.350-1.100 0,103                                              
Sex Male vs. female 1,806 1.003-3.251 0,049                   1,533 0.817-2.875              0,183
Gross type Circumscribed vs. 1,734 0.964-3.122 0,066                                              

infiltrative
Tumor size (cm) <7.0 vs. ≥7.0 1,799 1.011-3.202 0,046                   1,494 0.816-2.734              0,193
Resection type SG vs. TG 1,648 0.924-2.939 0,09                                               
Histologic type Differentiated vs. 2,151 1.170-3.955 0,014                   2,079 1.124-3.847              0,02

undifferentiated
Lymphatic invasion Negative vs. positive 1,381 0.481-3.965 0,548                                              
Venous invasion Negative vs. positive 1,036 0.464-2.313 0,931                                              
Lymph node metastasis Negative vs. positive 1,615 0.802-3.253 0,179                                              
T4a subclass Contiguous vs. exposed 2,118 1.122-3.995 0,021                   2,04 1.073-3.877              0,03

                                                  
CI: Confidence interval; OR: odds ratio; SG: subtotal gastrectomy; TG: total gastrectomy.



In the analysis by disease stage, multivariate analysis
identified the T4a subclass as an independent prognostic
factor in patients with stage II disease: the serosa-exposed
group had a significantly worse prognosis than the serosa-
contiguous group. In addition, the prognosis of the serosa-
exposed stage II patients was equivalent to that of the stage
III patients, suggesting that it might be better to treat this
group of patients as cases of stage III disease. According
to the guideline, tegafur-gimeracil-oteracil (S-1)
monotherapy is recommended as postoperative adjuvant
chemotherapy for stage II gastric cancer patients, while
oxaliplatin-based combination therapy is recommended as
postoperative adjuvant therapy for stage III gastric cancer
patients in Japan (18). The results of the present study
suggest that the serosa-exposed stage II patients should
receive oxaliplatin-based combination therapy as
postoperative adjuvant chemotherapy, like patients with
stage III disease, rather than S-1 monotherapy. In stage III
patients, univariate analysis identified the T4a subclass as
a significant prognostic factor, while multivariate analysis
did not identify the T4a subclass as an independent
prognostic factor. To date, few studies on the degree of
serosal invasion in T4a gastric cancer have investigated
whether the degree of serosal invasion is a prognostic
factor or not in each disease stage, as in the present study
(19). In Japan, postoperative adjuvant chemotherapy
regimens vary among the disease stages. Therefore, the
proposal of the present study, that stage II patients with a
relatively poor prognosis should be extracted and
administered postoperative adjuvant chemotherapy
regimens as for stage III disease, appears to be suitable for
clinical practice and immediately implementable.

In the assessment of the risk factors for recurrence,
multivariate analysis identified the T4a subclass as an
independent risk factor for peritoneal recurrence. Many
studies on the relationship between the degree of tumor
serosal invasion and recurrence have stated that macroscopic
serosal change is a risk factor for peritoneal recurrence (8,
12, 20). However, reported macroscopic serosal findings may
vary among surgeons. Furthermore, although studies have
examined macroscopic serosal changes since the 1990s (21),
no diagnostic criteria have been established. Therefore, the
diagnostic accuracy of macroscopic serosal changes has been
reported to be 74% by Yura et al. (19), 82% by Kang et al.
(22), and 88% by Jeong et al. (23), with differences among
institutions. The evaluation criteria used in the present study
were defined by the JCGC and do not appear to vary among
institutions. The Japanese Gastric Cancer Treatment
Guidelines propose performing computed tomography or
ultrasonography every 6 months for 3 years after surgery in
patients with stage II/III gastric cancer (18). The present
study suggests that it is necessary to use imaging modalities,
including positron emission tomography and magnetic

resonance imaging, at even shorter intervals in the serosa-
exposed group, because this group appears to have a
significantly higher incidence of peritoneal recurrence. In
stage III patients, the T4a subclass was not a significant
prognostic factor, but was found to be a significant risk
factor for peritoneal recurrence. Therefore, it is considered
necessary to subclassify T4a gastric cancer for postoperative
follow-up, even in stage III patients. 

This study had some limitations. First, it was a
retrospective single-center study with a small sample size.
Second, whole sections of primary tumors were not used;
therefore, the serosa-contiguous group may have included
some patients who should actually have been included in the
serosa-exposed group. The JCGC prescribes that when the
resected stomach is sectioned in cases of early gastric cancer,
whole sections of the tumor should be cut at 5-mm intervals.
It also prescribes that when the resected stomach is sectioned
in cases of advanced gastric cancer, the area of deepest
invasion of the tumor should be sectioned parallel to the
lesser curvature; it does not prescribe for whole sections of
the lesion to be cut (6). In the present study, the
recommendations of the JCGC were followed for the
preparation of tissue sections. In the future, it may be
necessary to investigate how sections should be cut in order
to determine the area of the lesion showing the greatest depth
of invasion without having to prepare whole sections. 

In conclusion, T4a gastric cancer is defined as a tumor
contiguous to or exposed beyond the serosa, and these
tumors are treated as equivalent entities by the JCGC
guideline. Our findings revealed that in patients with T4a
gastric cancer, the serosa-exposed group had a significantly
worse prognosis than the serosa-contiguous group; that is,
the T4a subclass was an independent prognostic factor. The
analysis by stage also showed that the T4a subclass was an
independent prognostic factor as well as a risk factor for
peritoneal recurrence. Therefore, we concluded that the
biological behaviors of the tumors differ between the serosa-
contiguous group and serosa-exposed group of patients with
T4a gastric cancer, and that, therefore, these two groups may
need to be treated as being separate, unlike the
recommendation in the JCGC guideline.
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