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Abstract. The prognosis of type IV scirrhous gastric cancer 
(SGC) is extremely poor. Linitis plastica (LP), the so-called 
‘leather bottle stomach’, is believed to be a typical case of SGC, 
which is usually diagnosed as a far-advanced gastric cancer. The 
pathogenesis of this disease remains unclear. Although typical 
SGC often invades the entire stomach, atypical cases show SGC 
localized to one region of the stomach. The aim of the present 
study was to investigate localized SGC (LSGC) and its biological 
significance. A total of 509 patients with advanced gastric cancer 
who underwent gastrectomy were evaluated. These patients were 
divided into three groups as follows: 19 patients with type IV 
scirrhous lesions invading the whole stomach (defined as LP), 
60 patients with type IV scirrhous lesions localized in less than 
two thirds of the stomach (defined as LSGC) and the remaining 
430 patients with all other types of gastric cancer (OGC), and 
then clinicopathologically compared. Results showed that 
LP had deeper invasion (p=0.006), more frequent peritoneal 
dissemination including positive cytology (p=0.01 and p=0.018) 
and lower curability (p=0.03) compared with LSGC, whereas 
LSGC showed a higher malignant potential in a number of clini-
copathological factors compared with OGC. Univariate analysis 
showed that survival in patients with LP was significantly poorer 
than in those with LSGC (p=0.002) whose survival was, in 
turn, inferior to those with OGC. By contrast, LSGC was not a 
prognostic factor in SGC according to the multivariate analysis. 
The findings of this study suggested that the malignant status of 
LSGC differs from that of LP, and that curative gastrectomy is 
effective in improving the outcome for LSGC but not for LP, as 
LSGC may represent the prelinitis condition.

Introduction

Type IV scirrhous gastric cancer (SGC) is characterized by 
diffuse infiltration and proliferation of poorly differentiated  

gastric cancer cells accompanied by marked stromal fibrosis 
(1). Linitis plastica (LP), also known as leather bottle stomach, 
is believed to be a typical case of SGC, usually involving the 
whole stomach and characterized by a grossly thickened wall. 
Despite recent advances in the diagnosis and treatment of 
gastric cancer, the majority of cases of SGC are not detected 
at an early stage since tumor cells migrate throughout the 
submucosa without severely affecting the mucosal lining of 
the stomach. This causes difficulty in detecting cancer cells by 
gastrointestinal series or endoscopy (2-5).

In LP, the cancer is poorly differentiated and originates in 
the gastric fundic gland area as a small IIc lesion, which shows 
extensive submucosal invasion without obvious concavities or 
recesses and a leather bottle-like appearance with giant folded 
walls. These walls are occasionally accompanied by peritoneal 
dissemination, considerable lymph node metastasis and direct 
invasion into the surrounding organs (6-8). Therefore, LP is 
recognized as a far-advanced gastric cancer in most cases, or 
as an early cancer that is accidentally detected in that it is diffi-
cult to diagnose the disease during progression from a small 
early stage lesion to leather bottle stomach at a stage known as 
the prelinitis condition (9).

Only a few studies regarding the prelinitis condition 
are available (5,7,9). By contrast, numerous studies have 
commented on the definition (1-4), incidence (10), significance 
(11), pathology (12), prognosis (10-12) and management 
strategy (13-16) of SGC pertaining solely to the early and the 
final phase of the disease.

Although the prelinitis condition lacks an established defi-
nition, it can be clinically identified as type IV SGCs, other 
than LP, which do not involve the whole stomach, with lesions 
localized in part of the stomach, which are sometimes referred 
to as localized or partial SGC. Localized SGC is believed to be 
better than LP in terms of surgical curability and postsurgical 
prognosis, but a definitive report has not yet been provided.

The present study aimed to investigate the biological 
significance of localized SGC, to elucidate the progression of 
SGC to LP and to determine whether localized SGC has a 
prelinitis condition.

Patients and methods

Patients. A total of 509 consecutive patients with primary 
advanced gastric cancer who had undergone gastrectomy at the 
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Kyushu Medical Center (Japan) between January 1994 and 
December 2004 were included in this study. The patients were 
divided into three groups comprising 19 patients with type IV 
scirrhous lesions invading the whole stomach (LP), 60 patients 
with type IV scirrhous lesions localized in less than two thirds 
of the stomach (LSGC) and the remaining 430 patients with 
all other types of gastric cancer (OGC).

Total gastrectomy was performed for 205 patients and 
distal or proximal gastrectomy for the remaining 304 patients; 
all resection margins had a macroscopically normal appear-
ance. Cases with a macroscopic positive stump, due to obvious 
invasion of the esophagus and duodenum, were excluded from 
this study.

SGC was diagnosed by the macroscopic appearance of the 
surgical specimen and postoperative histological examination. 
The study population comprised 340 males and 169 females, 
whose ages ranged from 23 to 92 years, with a mean age of 66. 
The patients were followed up, and only those who succumbed 
to gastric cancer were regarded as having succumbed to tumor-
related causes. The follow-up interval after surgery ranged  
from 2 days to 10 years and 11 months, with a mean interval of 
4 years and 2 months. Clinicopathological results were assessed 
according to the general rules for clinical and pathological 
studies on gastric cancers based on the Japanese classification 
of gastric carcinoma (17) and tumor-node-metastasis staging 
criteria (18). In particular, the curative potential of gastric resec-
tion was adopted for its curability in the present study (17).

Definition of localized scirrhous gastric cancer. As mentioned 
previously, 79 SGC patients were divided into two groups of 
19 patients with LP and 60 patients with LSGC. The stomach 
was anatomically divided into three sections: upper (U), 
middle (M) and lower (L) (Fig. 1) (17). Cases with lesions that 
invaded the duodenum or esophagus and those with a macro-
scopically positive stump were excluded. First, we reviewed 
the cases of 84 SGC patients who underwent gastrectomy, 
5 of whom were excluded, leaving a total of 79 patients who 
were included in this study. Of the 79 SGC patients, total 
gastrectomy was performed in 51 and distal gastrectomy in 
the remaining 28 patients. The study population consisted 
of 50 males and 29 females, whose ages ranged from 29 to 
87 years with a mean age of 65. The follow‑up interval after 
surgery ranged from 23 days to 10 years and 1 month with a 
mean interval of 2 years and 5 months.

Statistical analysis. The clinicopathological characteristics of 
the three groups were compared using the Chi-square test and 
Student's t-test. Cumulative survival rates were evaluated by 
the Kaplan-Meier method and the survival curves were tested 
by the Mantel-Cox method. Multivariate survival analysis was 
performed according to Cox's proportional hazards model  
in a forward stepwise manner. P<0.05 was considered to be 
statistically significant.

Results

Comparison of clinicopathological findings among OGC, 
LSGC and LP. Of the 509 patients with advanced gastric cancer 
included in the study, 60 (11.8%) were classified as LSGC, 
19 (3.7%) as LP and the remaining 430 (84.5%) as OGC. The 

relationship between LP, LSGC and the clinicopathological 
characteristics of the patients are shown in Table I. 

The LP group showed lower curability (p=0.03), higher 
mean age (p=0.04) and deeper invasion to the gastric wall 
(p=0.006) compared with the LSGC group. Peritoneal 
dissemination and positive signs of peritoneal cytology (CY) 
were frequent in the LP group. No significant differences were 
noted in the distribution of gender, histological differentia-
tion, frequency of venous and lymphatic invasion and in the 
incidence of lymph node metastasis. The relationship between 
LSGC and OGC is shown in Table II.

Significant differences were observed between the LSGC 
and OGC groups with regard to tumor size, stage, venous 
involvement, curability, depth of invasion, histological differ-
entiation and peritoneal dissemination. The LSGC group 
showed significantly larger tumor size (p<0.0001), more 
advanced tumor stage (p=0.005), lower curability (p<0.0001), 
deeper invasion into the gastric wall (p<0.0001) and poorer 
histological differentiation (p<0.0001) compared with the 
OGC group. Peritoneal dissemination and venous involve-
ment were more frequent in the LSGC group (p<0.0001 and 
p<0.05) than in the OGC group. Severe lymphatic invasion 
was frequent in the LSGC group (p=0.002) (data not shown). 
Therefore, these factors suggest that LSGC is associated with 
more advanced and unfavorable clinicopathological findings 
compared with OGC but fewer compared with LP.

Survival comparison between OGC, LSGC and LP. The 1-, 3- 
and 5-year survival rates of patients with OGC were 81.7, 61.1 
and 53.8%, respectively, which were significantly higher than 
those of patients with LSGC (73.2, 36.5 and 29.8%, respectively; 
p=0.0015) (Fig. 2). However, the 1-, 3- and 5-year survival 
rates of patients with LP were 26.3, 21.1 and 7%, respectively, 
which were significantly lower than those of LSGC (p=0.002) 
(Fig. 2). Of the 19 patients with LP, only 2 patients survived 
>3 years and only 1 patient survived >5 years.

Prognostic factors in patients with SGC. Multivariate analysis 
revealed that CY and curability were independently associated 
prognostic factors in patients with SGC (Table III), whereas 
SGC, lymph node metastasis, curability and TNM stage were 
independently associated prognostic factors in patients with 
advanced gastric cancer (Table IV).

Figure 1. LSGC and LP are shown. (A) and (B) show LSGC with an invading 
lesion in less than two thirds of the stomach after the stomach was sectioned 
into three parts (U, M and L). (C) shows LP with an invading lesion of the 
entire stomach. LSGC, localized scirrhous gastric cancer; LP, linitis plastica; 
U, upper; M, middle; L, lower.

  A   B   C
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Discussion

The classification of advanced gastric cancer into type I 
through IV by Borrmann has been globally accepted (19). 
The definition of SGC in this study is the same as that of 
Borrmann type IV and includes a number of grades of disease 
from LP to scirrhous pattern carcinoma. When the entire 
stomach wall is invaded by carcinoma cells, the stomach has 

a leather bottle‑like appearance and the disease condition 
is known as LP, which is the typical and complete case of 
SGC. However, not all SGCs are defined as LP with a typical 
appearance. When only a section of the stomach is invaded by 
scirrhous pattern carcinoma cells, the case is also defined as 
SGC, although the stomach does not have a leather bottle-like 
appearance. Such atypical and localized cases of SGC (LSGC) 
have been classified in the same category as LP. However, the 

Table I. Clinicopathological characteristics of LSGC and LP.

Variables	 LSGC (n=60)	 LP (n=19)	 P-value

Gender			   N.S.
  Male	 39 (65%)	 11 (57.9%)
  Female	 21 (35%)	 8 (42.1%)
Age (years)	 63.1±12.5	 69.4±7.7	 0.04
Histology			   N.S.
  Tub1	 2 (3.3%)	 0 (0%)
  Tub2	 3 (5%)	 4 (21.1%)
  Por1	 9 (15%)	 1 (5.2%)
  Por2	 37 (61.7%)	 11 (57.9%)
  Signet	 9 (15%)	 3 (15.8%)
Tumor depth 			   0.006
  T2	 20 (33.3%)	 2 (10.5%)
  T3	 39 (65%)	 13 (68.4%)
  T4	 1 (1.7%)	 4 (21.1%)
Lymph node metastasis			   N.S.
  Negative	 15 (25%)	 2 (10.5%)
  Positive	 45 (75%)	 17 (89.5%)
Lymphatic invasion			   N.S.
  Negative	 1 (1.7%)	 0 (0%)
  Positive	 59 (98.3%)	 19 (100%)
Venous invasion			   N.S.
  Negative	 19 (31.6%)	 3 (15.8%)
  Positive	 41 (68.4%)	 16 (84.2%)
Peritoneal dissemination			   0.01
  Negative	 50 (83.3%)	 10 (52.6%)
  Positive	 10 (16.7%)	 9 (47.4%)
Peritoneal cytology			   0.018
  Negative	 47 (78.3%)	 9 (47.4%)
  Positive	 13 (21.7%)	 10 (52.6%)
Curability			   0.03
  A, B	 40 (66.7%)	 7 (36.8%)
  C	 20 (23.3%)	 12 (63.2%)
TNM stage			   N.S.
  I	 9 (15%)	 1 (5.3%)
  II	 9 (15%)	 1 (5.3%)
  III	 36 (60%)	 11 (57.8%)
  IV	 6 (10%)	 6 (31.6%)

N.S., not singnificant; Tub1, well-differentiated adenocarcinoma; Tub2, moderately differentiated adenocarcinoma; Por1, poorly differentiated 
adenocarcinoma, solid type; Por2, poorly differentiated adenocarcinoma, non-solid type; Signet, signet ring cell carcinoma; LP, linitis plastica; 
LSGC, localized type IV scirrhous gastric cancer; curability, curative potential of gastric resection (17).



ENDO et al:  BIOLOGICAL SIGNIFICANCE OF TYPE IV GASTRIC CANCER 97ENDO et al:  BIOLOGICAL SIGNIFICANCE OF TYPE IV GASTRIC CANCER

differences between LP and LSGC have not been studied. In 
the present study, we investigated the differences in malignant 
behavior between LP and LSGC using several clinical factors.

Our data demonstrated that LP is more aggressive in terms 
of peritoneal dissemination, depth of invasion, curability and 
peritoneal cytology than LSGC, and that the 5-year survival 

rate of patients with LSGC was significantly better than that 
of patients with LP.

Only 36.8% (7/19) of patients with LP underwent resection 
A or B compared with 66.7% (40/60) of patients with LSGC. 
Of the 19 patients with LP, 16 suffered from peritoneal recur-
rence and only one patient with LP survived for more than 

Table II. Clinicopathological characteristics of OGC and LSGC.

Variables	 LSGC (n=60)	 OGC (n=430)	 P-value

Gender			   N.S.
  Male	 39 (65%)	 290 (67.4%)
  Female	 21 (35%)	 140 (32.6%)
Age (years)	 63.1±12.5	 66.4±11.5	 0.04
Tumor size (mm) 	 78.9±34.8	 56.4±29.6	 <0.0001
Histology			   <0.0001
  Tub1, Tub2	 5 (8.3%)	 198 (46.0%)	
  Por1, Por2	 46 (76.7%)	 169 (39.4%)
  Signet	 9 (15%)	 41 (9.5%)
  Others	 0 (0%)	 22 (5.1%)
Tumor depth			   <0.0001
  T2	 20 (33.3%)	 258 (60.0%)
  T3	 39 (65%)	 155 (36.0%)
  T4	 1 (1.7%)	 17 (4.0%)
Lymph node metastasis			   N.S.
  Negative	 15 (25%)	 145 (33.7%)
  Positive	 45 (75%)	 285 (66.3%)
Lymphatic invasion			   N.S.
  Negative	 1 (1.7%)	 34 (7.9%)
  Positive	 59 (98.3%)	 396 (92.1%)	
Venous invasion			   0.048
  Negative	 19 (31.6%)	 197 (45.8%)
  Positive	 41 (68.4%)	 233 (54.2%)
Peritoneal dissemination			   0.0006
  Negative	 50 (83.3%)	 413 (96.0%)
  Positive	 10 (16.7%)	 17 (4.0%)
Liver metastasis			   N.S.
  Negative	 59 (98.3%)	 414 (96.3%)
  Positive	 1 (1.7%)	 16 (3.7%)
Curability			   <0.0001
  A, B	 40 (66.7%)	 380 (88.4%)
  C	 20 (23.3%)	 50 (11.6%)
TNM stage			   0.005
  I	 9 (15%)	 118 (27.5%)
  II	 9 (15%)	 108 (25.1%)
  III	 36 (60%)	 158 (36.7%)
  IV	 6 (10%)	 46 (10.7%)

N.S., not singnificant; Tub1, well-differentiated adenocarcinoma; Tub2, moderately differentiated adenocarcinoma; Por1, poorly differentiated 
adenocarcinoma, solid type; Por2, poorly differentiated adenocarcinoma, non-solid type; Signet, signet ring cell carcinoma; TNM, tumor 
metastases node; OGC, other types of advanced gastric cancer; LSGC, localized type IV scirrhous gastric cancer; curability, curative potential 
of gastric resection (17).
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5 years following surgery. Lymph node metastasis and venous 
invasion were frequent and TNM staging was more advanced 
in LP compared with LSGC, although no significant differ-
ences were observed.

These data suggest that LP is definitely a more advanced 
stage cancer with higher malignant potential than LSGC, 
and that surgical treatment for LP may not be effective in 
improving long-term survival. However, LSGC was also not 
easily treated. The data presented in this study also indicate 
that LSGC was aggressive in a number of prognostic factors, 

and that the 5-year survival rate of patients with LSGC was 
significantly worse than that of patients with OGC. SGC was 
an independent prognostic factor in advanced gastric cancer, 
as indicated by several previous studies (20-23). The malig-
nant grade of LSGC is intermediate between OGC and LP.

SGC has been shown to possess unique clinicopathological 
characteristics and a poor survival outcome despite curative 
gastrectomy (10-16,20-23). One reason for the poor prognosis 
specific to SGC is the difficulty in early detection. Poorly 
differentiated adenocarcinoma, developing from the fundic 
gland mucosa around the greater curvature of the stomach, 
are known to infiltrate submucosal tissue prior to ulceration 
of the primary lesion. This infiltration represents the initial 
lesions of LP, which are difficult to detect even by modern 
endoscopic examination (24). Furthermore, Oguro reported 
that the development of SGC was divided into both stable 
and rapid phases (7). SGC undergoes almost no change in the 
stable phase and then suddenly moves into the rapid phase. 
In the rapid phase, the development of SGC is extremely 
fast and is detected with difficulty, and early cancer or LP is 
usually identified as the disease condition of SGC (6,7), rather 
than the prelinitis condition. Certain studies have elucidated 
the mechanisms underlying the development of SGC and 
identified the prelinitis condition (5,9). However, the defini-
tion of the prelinitis condition has yet to be established. In 
this study, LSGC may correspond to the prelinitis condition 
of the disease.

A new therapeutic strategy for SGC has been considered in 
order to improve its poor prognosis and determine the mecha-
nisms and clinical course of SGC development. Clinical studies 
have demonstrated that preoperative chemotherapy, close 
staging by peritoneal cytology with exploratory laparoscopy,  

Figure 2. Survival curve of advanced gastric cancer including LSGC and 
LP. The prognosis of patients with LSGC (solid thin line) was significantly 
worse than that of OGC patients (solid thick line) (p=0.0015), whereas it was 
significantly better than that of LP patients (broken line) (p=0.002). LSGC, 
localized type IV scirrhous gastric cancer; LP, linitis plastica; OGC, other 
types of advanced gastric cancer.

Table III. Factors independently associated with prognosis in SGC. 

Variables	 Standard error	 Odds ratio	 CI 95%	 P-value

Peritoneal cytology	 0.456	 2.207	 0.150-0.894	 0.027
LSGC (LP/LSGC)	 0.312	 1.103	 0.385-1.306	 0.269
Serosal invasion	 0.385	 0.900	 0.333-1.504	 0.368
Curability (A, B/C)	 0.431	 2.885	 0.124-0.671	 0.004
Lymph node metastasis	 0.460	 1.900	 0.169-1.028	 0.057

CI, confidence interval; SGC, type IV scirrhous gastric cancer; LSGC, localized SGC; LP, linitis plastica; curability, curative potential of gastric 
resection (17).

Table IV. Factors independently associated with prognosis in advanced gastric cancer.

Variables	 Standard error	 Odds ratio	 CI 95%	 P-value

SGC (SGC/OGC)	 0.156	 2.242	 0.520-0.957	 0.025
Lymph node metastasis	 0.212	 3.669	 0.302-0.696	 0.0002
Curability (A, B/C)	 0.150	 9.095	 0.190-0.343	 <0.0001
Stage (I, II/III, IV)	 0.173	 2.994	 0.425-0.836	 0.003

CI, confidence interval; SGC, type IV scirrhous gastric cancer; OGC, other types of advanced gastric cancer; curability, curative potential of 
gastric resection (17).



ENDO et al:  BIOLOGICAL SIGNIFICANCE OF TYPE IV GASTRIC CANCER 99ENDO et al:  BIOLOGICAL SIGNIFICANCE OF TYPE IV GASTRIC CANCER

and strong chemotherapy, including S-1, may be a more favor-
able option than aggressive surgery or palliative gastrectomy 
(2,3,13,16).

In the present study, peritoneal cytology was an indepen-
dent prognostic factor in SGC. LP versus LSGC was not a 
prognostic factor, but surgical treatment for LP was not effec-
tive in prolonging patient survival, whereas a longer survival 
rate was expected in patients with LSGC who underwent cura-
tive resection. A consistent systematic chemotherapy was not 
performed for the 79 patients with SGC in this study, but the 
survival rate of patients who received chemotherapy was better 
than that of those who did not receive chemotherapy (data not 
shown), indicating that adequate systematic chemotherapy is 
essential for improving the outcome of SGC treatment.

In conclusion, we found that the clinicopathological 
characteristics and surgical outcomes of LSGC are different 
from those of LP and that its malignant grade is intermediate 
between OGC and LP. LP appears not to be a surgical disease, 
whereas long-term survival is expected in patients with LSGC 
who underwent curative resection. Furthermore, we believe 
that LSGC may represent the prelinitis condition.
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