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Background: To explore the efficacy of treatment strategies for non-metastatic gastric linitis plastica (GLP).
Methods: Patients with non-metastatic GLP from 2004 to 2014 were identified from the National Cancer 
Database (NCDB). We compared overall survival (OS) of those patients who received different treatments, 
including surgery alone, a combination of surgery with chemotherapy and/or radiotherapy (S + C/R), 
chemotherapy and/or radiotherapy (C/R), and no treatment.
Results: The cohort included 474 patients with non-metastatic GLP. Overall, the median survival 
was significantly different among four groups (13.90 months in S + C/R, 8.38 months in surgery alone,  
8.94 months in C/R and 2.50 months in no treatment). Then, we compared the efficacy of surgery alone 
and surgery with postoperative chemotherapy and/or radiotherapy (S + post C/R). When the tumor size was 
greater than 8 cm in stage III patients, S + post C/R was associated with a better survival benefit than surgery 
alone. S + post C/R also conferred an obvious survival advantage compared to surgery alone for R0 patients 
with positive lymph nodes and patients with positive margins. 
Conclusions: Surgery plays the fundamental role in improving the OS of patients with non-metastatic 
GLP. S + post C/R would benefit patients in stage III with large-sized tumors (>8 cm), patients with negative 
margins and positive lymph nodes, and/or patients with positive margins.
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Introduction 

Gastric linitis plastica (GLP) is a type of diffuse gastric 
carcinoma characterized by a macroscopically segmental 
or diffuse thickened gastric wall and scattered infiltration 
of tumor cells  under microscopy (1,2) .  Since Dr. 
William Brinton defined linitis plastica in 1859 (3), the 

definition of GLP has changed several times and remains  
controversial (2). As a result, the incidence of GLP remains 
inaccurate. GLP is a relatively rare type of gastric cancer. 
However, an increasing incidence of GLP in the USA 
and China has been reported recently (4). Compared with 
other types of gastric cancer, GLP has unique clinical and 
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pathological characteristics. It was found that in GLP, up to 
90% of cancer-associated fibroblasts interacted with poorly 
differentiated cells, poorly cohesive cells, and/or signet ring 
cells in a complex model, eventually leading to diffusely 
fibromatous submucosal and muscular layers (2). The 
unique biological behavior of GLP results in it being more 
aggressive and having higher risks of perineural invasion, 
nodal metastasis, peritoneal dissemination, and direct 
invasion into surrounding organs (5-7). In addition, lack of 
mucosal alteration and unclear margins result in delayed 
diagnosis, leading to patients having less chance to receive 
curative surgery.

Current guidelines for the treatment of gastric cancer 
are based mainly on American Joint Committee on Cancer 
(AJCC) staging rather than gastric cancer typing. So the 
treatment strategies for GLP are referred to the National 
Comprehensive Cancer Network (NCCN) guidelines for 
gastric cancer. However, due to GLP’s unique biological 
behavior and dismal prognosis, exploring optimal treatment 
strategies has been an active and controversial field (7-14).  
Some researchers have found that GLP is a non-surgical 
entity (7,9,12). Pedrazzani et al. studied 92 GLP patients 
who underwent surgical exploration. Only 27.5% patients 
received R0 resection. The overall median survival was 
5.7 months, although for R0 resection patients the median 
survival reached 15.8 months (9). On the other hand, 
optimistic researchers have reported that surgery is the 
only hope to achieve the best survival benefit (8,11,13). 
Schauer et al. reported the surgical experience in 120 GLP 
patients, of which 30.8% received R0 resection. The overall 
median survival was 8 months whereas those who achieved 
R0 resection experienced 17 months median survival (8). A 
recent study demonstrated a multimodal strategy involving 
both surgery and adjuvant chemotherapy provides the best 
oncologic outcomes (10). The controversy surrounding 
treatment strategies may be attributed to the ambiguous 
definition of GLP, relatively small sample size, and lack of 
discussion on the different stages of GLP in these studies. 
Therefore, it is necessary to identify the optimal therapy 
for GLP with different characteristics to achieve the 
best therapeutic effect while avoiding excessive medical 
treatment. 

For these reasons, our study explored the efficacy of 
several strategies including surgery alone, chemotherapy 
and/or radiotherapy, and the combination of surgery 
and chemotherapy/radiotherapy, for patients with non-
metastatic GLP in the National Cancer Database (NCDB). 
Moreover, we compared the therapeutic efficacy of surgery 

alone and surgery with postoperative chemotherapy and/
or radiotherapy, according to the following four variables 
independently: cancer stage, tumor size, resection margins 
and regional lymph nodes. We present the following article 
in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-2785b).

Methods

Data source and study subjects

The National Cancer Database (NCDB), which collects 
information on almost 70% of all newly diagnosed invasive 
cancer cases in the United States, is one of the largest cancer 
outcome databases in the world (15,16). For this study, GLP 
participant user file from 2004 to 2014 was identified using 
the 3rd International Classification of Diseases for Oncology 
(ICD-O-3) codes. We restaged the TNM classification of 
the patients according to the American Joint Committee on 
Cancer Staging Manual (AJCC), 8th Edition from 2017 (17). 
In this article, pathologic staging was mainly used, which 
was supplemented by clinical staging when pathological 
information was unavailable. N stage was divided according 
to the number of regional lymph node metastases provided 
by the database. T stage was transformed according to the 
tumor extension criteria described in different editions 
of AJCC, including T2b(6th) to T3(8th), T3(6th) to 
T4a(8th), T4(6th) to T4b(8th). The study was conducted 
in accordance with the Declaration of Helsinki (as revised  
in 2013).

Statistical analysis

Demographic variables were compared using χ2 test and 
Fisher’s exact test for categorical variables, and ANOVA test 
for continuous variables. The main outcome assessed in this 
study was overall survival (OS), which was evaluated using 
Kaplan-Meier survival curves and log-rank tests. Univariate 
and multivariate Cox regression models were performed 
to quantify the relationship between patient characteristics 
and OS. Univariate variables were selected for multivariate 
analysis when the P value was less than 0.05. The forest 
plot was performed to compare the efficacy of surgery with 
postoperative chemotherapy/radiotherapy versus surgery 
alone among different non-metastasis GLP subgroups. A 
P value <0.05 was considered as a statistically significant 
difference. All analyses were performed using R 3.5.1 
(http://www.R-project.org/). 

http://dx.doi.org/10.21037/atm-20-2785b
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Results

Patients characteristics 

In total, there were 913 patients diagnosed with GLP from 
2004 to 2014 in the NCDB database. Patients with GLP 
in situ (n=3) or metastasis (n=436) were excluded from this 
study. The final cohort included only 474 patients with non-
metastatic GLP. Among them, 109 patients were treated 
with surgery alone, 189 patients received the combination 
of surgery and chemotherapy and/or radiotherapy (S +  
C/R),  86 patients  received chemotherapy and/or 
radiotherapy (C/R), and 90 patients were not treated 
with any of the aforementioned methods (Figure 1). 

Clinical information for the relative majority of patients 
who received C/R was lacking (tumor size in 58.14%, 
histological grade in 34.88% and stage in 61.63% patients 
were unknown; positive lymph nodes and resection were 
not available). The proportion of patients with a large 
tumor size (>8 cm) was similar between patients who 
received surgery alone and S + C/R (57.80% vs. 53.44%, 
P<0.001). In addition, the proportion of different stages was 
similar between patients who received surgery alone and S + 
C/R (stage I, 6.42% vs. 4.76%; stage II, 22.02% vs. 18.52%; 
stage III, 62.39% vs. 69.84%; P<0.001). The proportion 
of different resection margins was also similar between 
patients who received surgery alone and S + C/R [negative 

Figure 1 Selection criteria for patient data extracted from the National Cancer Database (NCDB).

Gastric adenocarcinoma
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First or primary diagnosis
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margins (R0), 40.37% vs. 56.08%; positive margins (R+), 
56.88% vs. 41.27%; P=0.03; Table 1].

Comparison of survival among patients who received 
different strategies

Overall, the OS was significantly different among patient 
groups (median survival: 13.90 months in S + C/R,  
8.38 months in surgery alone, 8.94 months in C/R and  
2.50 months in no treatment; 5-year survival rates: 7.4% in 
S + C/R, 6.4% in surgery alone, and 0% in both C/R and 
no treatment, P<0.0001, Figure 2). These results indicated 
that S + C/R was associated with the best survival outcome 
in general. Although the median survival between C/R and 
surgery alone were close, only patients who received surgery 
could have long term survival. 

Prognostic factors for non-metastasis GLP patients who 
received surgery 

Accurate staging is very important for the treatment and 
prognosis of tumors, which can only be obtained by surgery. 
Therefore, we performed further analysis on the patients 
who underwent surgery.

Cox proportional-hazards model analyses were performed 
to determine the independent prognostic factors that 
might influence long term survival of non-metastatic 
GLP patients who received surgery (Table 2). Based on 
univariate analysis, age more than 65 years (HR 1.66, 95% 
CI: 1.30–2.13, P<0.001), pN1/2 stage (HR 2.32, 95% 
CI: 1.61–3.34, P<0.001), pN3 stage (HR 2.60, 95% CI: 
1.83–3.71, P<0.001), stage III (HR 1.95, 95% CI: 1.44–2.64, 
P<0.001) and positive margins (R+, HR 1.99, 95% CI: 
1.55–2.57, P<0.001) were poor prognostic factors. Surgery 
with postoperative chemotherapy/radiotherapy (S + post C/
R, HR 0.75, 95% CI: 0.58–0.98, P=0.036) was a protective 
prognosis factor. Multivariate analysis revealed S + post C/
R was an independent prognostic factor (HR 0.61, 95% CI: 
0.45–0.82, P=0.001). Other independent prognosis factors 
were listed in Table 2.

Subgroup analysis between surgery and surgery with 
postoperative chemotherapy/radiotherapy

To avoid the influence of preoperative chemotherapy/
radiotherapy (n=40, Figure 1) in pathological staging, we 
just estimated the efficacy of S + post C/R (n=137, Figure 1)  
for non-metastatic GLP patients. In order to analyze the 

treatment efficacy in patients with different risk factors, 
patients who underwent surgery alone and S + post C/
R were divided into subgroups according to the factors 
mentioned in Table 2. Cox proportional-hazards model 
analyses were performed in each subgroup (Figure 3). The 
results suggested that GLP patients in stage III benefited 
more from S + C/R compared to surgery alone (HR 0.52, 
95% CI: 0.38–0.72, P<0.001), while there was no significant 
between S + post C/R and surgery alone in stage II patients 
(HR 1.09, 95% CI: 0.56–2.13, P=0.791). R+ patients yielded 
an added survival benefit from S + post C/R than surgery 
alone (HR 0.55, 95% CI: 0.38–0.79, P=0.001), while there 
was no statistically significant difference between S + post 
C/R and surgery alone in R0 patients (HR 0.99, 95% CI: 
0.65–1.50, P=0.952).

Survival benefit of surgery with postoperative 
chemotherapy/radiotherapy for non-metastatic patients

Furthermore, we compared the efficacy of S + post C/
R and surgery alone in different subgroups. In the stage 
II subgroup, there was no significant difference between 
patients who received surgery alone and S + post C/R 
(median survival, 20.2 vs. 16.1 months, P=0.79; Figure S1A).  
In the stage III group, patients in S + post C/R group 
had significantly longer survival than those in surgery 
alone group (median survival, 13.27 vs. 8.18, P<0.0001,  
Figure 4A). 

It was reported that the average tumor size of GLP was 
8.9±6.1 cm (18). Therefore, we assessed whether the tumor 
size would influence the treatment strategy and prognosis. 
For stage III patients with a tumor size of ≤8 cm, there was 
no significant difference between surgery alone and S + 
post C/R (median survival, 13.3 vs. 16.9 months, P=0.18;  
Figure S1B). However, in stage III patients with a tumor 
size of >8 cm, the therapeutic benefit of S + post C/R 
was significant with an improvement in median survival 
of approximately 6.8 months compared to surgery alone 
(P=0.00042, Figure 4B).

In addition, there were 298 patients who received surgery 
in total, with 140 patients (46.98%) among them having 
positive margins (Table 1). As expected, median survival 
correlated significantly with resection margins (R0 17.22 
vs. R+ 9.79 months, P<0.0001, Figure S2A). In R0 patients, 
there was no significant difference between surgery alone 
group and S + post C/R group (median survival, 15.0 vs.  
19.0 months, P=0.95; Figure S2B). However, the treatment 
with S + post C/R was associated with better survival 

https://cdn.amegroups.cn/static/public/ATM-20-2785B-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2785B-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2785B-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2785B-supplementary.pdf
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Table 1 Clinical characteristics of non-metastatic GLP patients

Characteristics Surgery alone (n=109) Surgery + C/R (n=189) C/R (n=86) No treatment (n=90) P value

Age, mean [SD] 71 [12] 60 [12] 65 [15] 75 [13] <0.001

Year of diagnosis, median [IQR] 2006 [2005–2009] 2007 [2005–2009] 2009 [2006–2011] 2008 [2006–2011]

Race, n (%) 0.060

Caucasian 83 (76.15) 144 (76.19) 73 (84.88) 79 (87.78)

Non-Caucasian 26 (23.85) 45 (23.81) 13 (15.12) 11 (12.22)

Sex, n (%) 0.103

Male 45 (41.28) 84 (44.44) 50 (58.14) 42 (46.67)

Female 64 (58.72) 105 (55.56) 36 (41.86) 48 (53.33)

Charlson/Deyo score†, n (%) 0.239

0 76 (69.72) 138 (73.02) 67 (77.91) 55 (61.11)

1 27 (24.77) 39 (20.63) 15 (17.44) 25 (27.78)

2 6 (5.50) 12 (6.35) 4 (4.65) 10 (11.11)

Insurance status, n (%) 0.615

Not insured 2 (1.83) 7 (3.70) 3 (3.49) 1 (1.11)

Insured 104 (95.41) 179 (94.71) 81 (94.19) 89 (98.89)

Unknown 3 (2.75) 3 (1.59) 2 (2.33) 0 (0)

Tumor size (cm), n (%) <0.001

≤8 21 (19.27) 50 (26.46) 7 (8.14) 1 (1.11)

>8 63 (57.80) 101 (53.44) 29 (33.72) 37 (41.11)

Unknown 25 (22.94) 38 (20.11) 50 (58.14) 52 (57.78)

Histological grade, n (%) <0.001

Well differentiated 1 (0.92) 1 (0.53) 2 (2.33) 3 (3.33)

Moderately differentiated 0 7 (3.7) 2 (2.33) 5 (5.56)

Poorly differentiated 91 (83.49) 151 (79.89) 51 (59.3) 43 (47.78)

Undifferentiated 5 (4.59) 12 (6.35) 1 (1.16) 1 (1.11)

Unknown 12 (11.01) 18 (9.52) 30 (34.88) 38 (42.22)

Positive lymph node (s)‡, n (%) 0.746

0 22 (20.18) 41 (21.69)

1 to 2 15 (13.76) 23 (12.17)

3 to 6 20 (18.35) 39 (20.63)

7 to 15 28 (25.69) 55 (29.10)

16+ 16 (14.68) 24 (12.70)

Unknown 8 (7.34) 7 (3.70)

Table 1 (continued)
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than surgery alone in R0 patients with positive lymph 
nodes (median survival, 16.99 vs. 8.7 months, P=0.00078;  
Figure 4C), while there was no significant difference between 
R0 patients with negative lymph nodes who received 
surgery alone and S + post C/R (median survival, 57.1 vs. 
32.2 months, P=0.31; Figure S2C). As for R+ patients, the 
treatment with S + post C/R was associated with better 
survival than surgery alone (median survival, 11.88 vs. 
5.67 months, P=0.0011, Figure 4D). We further explored 
the efficacy of surgery with postoperative chemotherapy 
(surgery + chemotherapy) and surgery with postoperative 
chemoradiotherapy (surgery + chemoradiotherapy). The 
two strategies showed no significant difference (median 
survival, 12.9 vs. 10.7 months, P=0.99; Figure S2D).

Discussion 

GLP presents an extremely difficult therapeutic challenge 
due to its unique biological behavior and dismal prognosis. 

Table 1 (continued)

Characteristics Surgery alone (n=109) Surgery + C/R (n=189) C/R (n=86) No treatment (n=90) P value

T stage (tumor extension)§, n (%) <0.001

T1 1 (9.17) 2 (1.06) 6 (6.98) 2 (2.22)

T2 12 (11.01) 19 (10.05) 27 (14.52) 42 (46.67)

T3 28 (25.69) 60 (31.74) 10 (11.63) 5 (5.56)

T4a 36 (33.03) 67 (35.45) 7 (8.14) 10 (11.11)

T4b 24 (22.02) 31 (16.40) 19 (22.09) 15 (16.67)

Unknown 8 (7.34) 10 (5.29) 17 (19.77) 15 (16.67)

Stage, n (%) <0.001

I 7 (6.42) 9 (4.76) 0 1 (1.11)

II 24 (22.02) 35 (18.52) 6 (6.98) 1 (1,11)

III 69 (62.39) 132 (69.84) 27 (31.40) 20 (22.22)

Unknown 9 (8.26) 13 (6.88) 53 (61.63) 68 (75.56)

Resection¶, n (%) 0.03

R0 44 (40.37) 106 (56.08)

R+ 62 (56.88) 78 (41.27)

Unknown 3 (2.75) 5 (2.65)
†
, the Charlson/Deyo value is a weighted score derived from the sum of the scores for each of the comorbid conditions listed in the 

Charlson Comorbidity Score Mapping Table. The data have been truncated to 0, 1, 2 (greater than 1); 
‡
, the number of positive lymph 

nodes is based on pathology information only; 
§
, T stage was derived from Collaborative Stage Data Collection System (CS) Extension; 

¶
, 

resection result is based on pathology information only. R0, negative margin; R+, positive margin; S + C/R, surgery with chemotherapy or/
and radiation; C/R, chemotherapy or/and radiation.

Figure 2 Survival curves of non-metastatic GLP patients according 
to treatment strategies. S + C/R, surgery with chemotherapy and/
or radiotherapy; C/R, chemotherapy and/or radiotherapy.
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https://cdn.amegroups.cn/static/public/ATM-20-2785B-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2785B-supplementary.pdf
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Table 2 Cox regression analysis of overall survival of non-metastasis patients receiving surgery
†

Characteristics Event‡/at risk
Univariate Multivariate

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

Age (years)

≤65 129/155 Ref 

>65 132/143 1.66 (1.30–2.13) <0.001 1.41 (1.08–1.85) 0.012

Sex

Male 110/129 Ref

Female 151/169 1.13 (0.88–1.44) 0.343

Charlson/Deyo Score

0 188/214 Ref

≥1 73/84 1.22 (0.93–1.60) 0.147

Insurance status

Not insured 7/9 Ref

Insured 248/283 1.94 (0.91–4.12) 0.085

Unknown 6/6 1.83 (0.61–5.44) 0.279

Tumor size (cm)

≤8 59/71 Ref

>8 146/164 1.27 (0.94–1.72) 0.122 1.13 (0.82–1.56) 0.464

Unknown 56/63 1.50 (1.04–2.16) 0.031 1.72 (1.16–2.55) 0.007

Regional lymph nodes examined

≤15 147/165 Ref

>15 111/129 0.99 (0.77–1.27) 0.935

Unknown 3/4 0.73 (0.23–2.29) 0.586

pN stage

N0 45/63 Ref

N1/N2 90/97 2.32 (1.61–3.34) <0.001 2.30 (1.37–3.87) 0.002

N3 114/123 2.60 (1.83–3.71) <0.001 2.02 (1.16–3.52) 0.013

Unknown 12/15 1.56 (0.82–2.95) 0.175 1.00 (0.43–2.32) 0.997

T stage 

T1/T2 24/34 Ref

T3/T4 220/246 1.50 (0.98–2.28) 0.062 0.95 (0.59–1.55) 0.852

Unknown 17/18 7.02 (3.69–13.37) <0.001 7.12 (2.72–18.67) <0.001

Stage 

I/II 57/75 Ref

III 184/201 1.95 (1.44–2.64) <0.001 1.43 (0.86–2.38) 0.167

Unknown 20/22 3.12 (1.85–5.24) <0.001 1.27 (0.49–3.29) 0.617

Table 2 (continued)
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Table 2 (continued)

Characteristics Event‡/at risk
Univariate Multivariate

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

Treatment strategy

Surgery alone 98/109 Ref

S + pre C/R 33/40 0.69 (0.46–1.02) 0.062 0.94 (0.61–1.45) 0.794

S + post C/R 121/137 0.75 (0.58–0.98) 0.036 0.61 (0.45–0.82) 0.001

Unknown§ 9/12 0.46 (0.23–0.91) 0.025 0.42 (0.21–0.86) 0.017

Resection

R0 121/150 Ref

R+ 134/140 1.99 (1.55–2.57) <0.001 1.65 (1.26–2.16) <0.001

Unknown 6/8 0.79 (0.35–1.80) 0.578 0.62 (0.27–1.41) 0.253
†
, the group of non-metastasis patients receiving surgery includes patients with surgery alone (n=109) and surgery with chemotherapy 

or/and radiotherapy (n=189); 
‡
, event: death; 

§
, patients underwent surgery with chemotherapy/radiotherapy. However, the time of 

chemotherapy/radiotherapy is unknown in this group. CI, confidence interval; HR, hazard ratio; S + pre C/R, surgery with preoperative 
chemotherapy or/and radiotherapy; S + post C/R, surgery with postoperative chemotherapy or/and radiotherapy.

Figure 3 Subgroup analysis of surgery alone and S + post C/R among non-metastatic GLP patients. S + post C/R, surgery with 
postoperative chemotherapy and/or radiotherapy.
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There have been existing heated debates on GLP treatment 
strategies. This study evaluated the efficacy of different 
treatment strategies for patients with non-metastatic GLP. 
For all patients with non-metastatic GLP, our data showed 
S + C/R was associated with the best survival outcome 
in general. In a study on 54 patients with GLP from the 
UK, Thompson et al. (10) reported that a combination of 
surgery and chemotherapy resulted in a higher median 
survival (24.8 months) than surgery alone (9.9 months). 
Another study, which was based on information from the 
Surveillance, Epidemiology, and End Results (SEER) 
database, also found surgery with radiation therapy yielded 
a better median survival than surgery alone and radiation 
alone (11). Compared to our data, higher median survival 
for surgery alone (13 vs. 8.38 months) and a combination of 
surgery and radiation (31 vs. 13.90 months) was observed. 

Since there were more stage III patients and fewer stage I 
patients in our cohort than in the previous study (number 
of patients: stage I, 16 vs. 72; stage II, 53 vs. 59; and stage 
III, 200 vs. 135), this phenomenon may be related to the 
cohorts containing different proportions of patients in each 
TNM stage.

According to our study, the proportions of patients with 
different TNM stages were quite similar between surgery 
alone and S + C/R. This suggested that there was no prior 
established specific treatment modality for non-metastasis 
GLP patients with different stages. As the subgroup 
of patients who received preoperative chemotherapy/
radiotherapy used different staging systems (ypTNM) and 
the sample size of this subgroup was small, we just estimated 
the efficacy of surgery with postoperative chemotherapy/
radiotherapy in different stages. What is surprising was that 

Figure 4 Survival curves according to treatment strategies. (A) OS of stage III patients; (B) OS of stage III patients whose tumor size is 
greater than 8 cm; (C) OS of R0 patients with positive lymph nodes; (D) OS of R+ patients. OS, overall survival; S + post C/R, surgery with 
postoperative chemotherapy and/or radiotherapy; R0, negative margins; R+, positive margins.
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surgery + post C/R seemed not to have more advantages 
over surgery alone for patients with stage II disease. 
This indicated surgery alone may be sufficient to control 
recurrence for GLP patients in stage II. Further study 
with a larger sample size and a clearer surgical approach 
should be taken to explore the efficacy of surgery alone for 
GLP patients in stage II. However, S + post C/R brought 
a better survival benefit to stage III patients. As mentioned 
before, the average tumor size of GLP is 8.9±6.1 cm (18). 
Several studies defined the gastric cancer with a diameter of 
8cm or more as large gastric cancer (19-21). Nevertheless, 
there has been few studies that explored the efficacy of 
different treatment strategies for non-metastatic patients 
when it comes to the different tumor size. In this study, we 
found the addition of chemotherapy and/or radiotherapy 
to surgery exhibited a nonsignificant survival benefit for  
stage III patients with a tumor size of less than or equal to 
8 cm. However, there was a strong evidence of a survival 
benefit for S + post C/R in stage III patients with a tumor 
size of >8 cm. This is the first time that patient stages and 
tumor sizes have been linked to strategies for treating GLP. 

Although surgery can improve the OS in general, patients 
with GLP who received surgery alone or S + C/R still have 
a poor prognosis. One of the important reasons was that R+ 
resection, which was a poor prognostic factor according to 
our data, was more common in patients with GLP than non 
GLP patients (18). Kodera et al. reported a R0 resection 
rate of 46% with the median survival of 30.2 months,  
while palliative resection group was 8.2 months and non-
gastrectomy group was 7.8 months (22). In our study, there 
were up to 46.98% patients with positive margins with 
the median survival of 9.79 months. We further explored 
the efficacy of S + post C/R for different surgical margins. 
Negative margins and negative regional lymph nodes were 
associated with lower locoregional recurrence. As expected, 
surgery alone seemed to be sufficient to control recurrence 
for R0 patients with negative lymph nodes. Intergroup 0116 
(INT-0116), a randomized phase III trial, demonstrated 
that postoperative chemoradiotherapy as a rational standard 
for R0 gastric cancer with positive lymph nodes (23). 
The Artist trial also proved the therapeutic benefit of 
radiochemotherapy after curatively resected gastric cancer 
for patients with lymph node metastasis (24). Consistent 
with that, we found GLP patients with positive lymph 
nodes had a long term survival benefit of R0 resection with 
postoperative C/R. As for patients with positive margins, 
there was an obvious survival benefit for R+ patients who 
received S + post C/R compared to surgery alone. It was 

consistent with the 2019 NCCN guidelines, recommending 
R+ gastric cancer patients to receive postoperative 
chemotherapy or chemoradiation if they did not receive 
perioperative C/R (25). 

Recently, scholars have focused on the necessity of 
radiotherapy in comprehensive treatment of gastric 
cancer (24). We therefore explored the efficacy of surgery 
+ chemotherapy and surgery + chemoradiotherapy for 
GLP patients with positive margins. However, surgery + 
chemoradiotherapy did not yield a better survival benefit 
than surgery + chemotherapy. It indicated that local 
treatments like postoperative radiotherapy might not able 
to provide an added benefit for GLP disease with positive 
margins, due to its highly aggressive biological behavior and 
metastasis potential. 

Taken together, we found surgery was essential for 
patients with non-metastatic GLP, while postoperative 
chemotherapy and/or radiation could improve the OS in 
patients who received R0 resection with positive lymph 
nodes and patients who received R+ resection. However, 
the efficacy of existing treatments for non-metastasis is 
limited. We still need to explore more effective treatments. 
Some studies proved that extended multiorgan resection 
performed to reduce the recurrence rate failed to improve 
the OS than traditional surgery (26) and should be avoided 
if possible due to high postoperative morbidity and 
mortality (27). Other researchers have conjectured patients 
with stage III scirrhous gastric carcinoma, which is a type 
of gastric cancer equivalent to GLP in some studies, should 
undergo gastrectomy with extended lymphadenectomy due 
to a high rate of positive lymph nodes (28). However, this 
type of lymphadenectomy might increase surgery related 
morbidity and mortality (29). JCOG0501, a randomized 
phase III trial, demonstrated the safety of neoadjuvant 
chemotherapy followed by D2 gastrectomy for patients 
with Bormann type 4 or large (a tumor size of equal to 
or more than 8 cm) type 3 (19), while the efficacy of this 
strategy remains to be explored. Given these previous 
researches, attaining a satisfactory prognosis seems difficult 
for GLP patients. Further research should be undertaken 
to investigate the outcomes of specific surgical treatments, 
such as gastrectomy with extended lymphadenectomy, 
in combination with neoadjuvant and/or adjuvant 
chemoradiotherapy.

To the best of our knowledge, this is the first systematic 
research using a large national database to analyze the 
treatment strategies and prognostic factors of non-
metastatic GLP. However, this study has several limitations. 
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First, since the NCDB does not provide any information 
on causes of death, disease-free survival could not be 
investigated. Second, there is no information in NCDB 
regarding the rational to choose treatment modality, which 
will lead to the patient selection bias. The observed results 
between C/R alone and surgery might be influenced by the 
selection bias. Third, clinical information on the majority of 
patients who received C/R was unclear. And there were only 
a few patients who received C/R in stage II, stage III, R0 
and R+ groups. Therefore, we did not discuss the efficacy of 
C/R alone in these groups. 

Conclusions

In conclusion, evidence from NCDB indicated that surgery 
remained the fundamental role in improving the OS of 
patients with non-metastatic GLP. Furthermore, surgery 
with postoperative C/R would benefit patients who were 
stage III with large-sized tumors (>8 cm), patients with 
negative resection margins and positive lymph nodes, and/
or patients with positive resection margins.
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