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Background: Scirrhous gastric cancer (SGC) is highly invasive and metastatic because of its 

interactions with stromal cells, such as fibroblasts and macrophages, and extracellular matrix, 

leading to a higher incidence of peritoneal metastasis (PM) than other gastric cancers (GCs). 

Taxane-based intraperitoneal chemotherapy (IPC) is a promising therapy for PM. We retrospec-

tively analyzed outcomes of multidisciplinary therapies that included IPC for SGC.

Patients and therapy: Of 1,679 GC patients treated between 1990 and 2012, we analyzed 

119 patients who underwent multidisciplinary therapy for SGC. Patients without PM received 

gastrectomy with lymphadenectomy and resection of involved adjacent organs followed by 

intraoperative IPC using cisplatin. Patients with PM received chemotherapy using fluorouracil, 

with or without methotrexate plus IPC using cisplatin before 2000, and S-1 plus IPC using 

paclitaxel or docetaxel since 2000.

Results: Of the 119 patients, 73 (61%) had PM and 63 (53%) had positive peritoneal lavage 

cytology. Of the 89 gastrectomy patients, 30 (34%) had macroscopic residual tumors (R2). Of the 

patients treated since 2000, 66 (100%) received S-1 plus taxanes and 44 patients (67%) received 

taxane-based IPC. Median survival time was significantly longer in the post-2000 group (22.8 

months) than in the pre-2000 group (9.5 months). In univariate analysis, lavage cytology, PM, 

taxane-based IPC, gastrectomy, and R2 resection were significant prognostic factors. However, 

only R2 resection was an independent prognostic factor in multivariate analysis (hazard ratio: 

5.53, 95% CI: 2.05–14.93).

Conclusion: As use of taxane-based IPC is not an independent prognostic factor, new multi-

disciplinary therapies are necessary to avoid R2 resections.

Keywords: peritoneal metastasis, intraperitoneal chemotherapy, taxanes

Introduction
Gastric cancer (GC) is the third most common cause of cancer deaths worldwide 

and is more common in East Asian countries.1 Scirrhous gastric cancer (SGC), also 

known as Borrmann type 4 or Linitis plastica, is a special type of gastric cancer, which 

is difficult to detect in its early stage because of its diffuse submucosal growth.2,3 

Despite recent advances in surgery and chemotherapy (CTX), outcomes of treatment 

for SGC have remained very poor.4,5 Although studies of neoadjuvant CTX against 

SGC have shown some positive effects, their survival benefits are less clear, because 

SGC patients often develop peritoneal metastasis (PM).6–8 PM is relatively resistant 

to systemic CTX because of the poor blood supply and hypoxia of cancer cells in the 

peritoneum.9 Therefore, intraperitoneal chemotherapy (IPC) has been theoretically 
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acceptable as regional intensive CTX to treat PM. Several 

studies have reported the effectiveness of taxane-based IPC 

for PM of GC, but its effectiveness in SGC has not been 

fully examined.10–12 In the current study, we retrospectively 

analyzed the outcomes of patients with SGC who were treated 

at our institution with multidisciplinary therapies. Also, we 

propose a new treatment strategy that considers the biological 

property of SGC, which is typified by interaction with stroma 

such as fibroblasts, macrophages, and extracellular matrix 

(ECM), resulting in organ fibrosis and chemoresistance.

Patients and methods
Patients
Of 1,679 patients treated for GC between January 1990 and 

December 2012 at the Department of Gastroenterological 

Surgery, Kanazawa University Hospital, 119 underwent mul-

tidisciplinary therapy for SGC. Patient data were collected 

retrospectively from medical records and patients who had 

distant metastasis other than PM were excluded.

The present study was in accordance with the ethical 

standards of the responsible committees on human experi-

mentation (institutional and national) and with the Helsinki 

Declaration of 1964 and later versions. This study was 

approved by the Institutional Review Board of Kanazawa 

University Graduate School of Medical Sciences (Permission 

number 2833-1). Written informed consent was obtained 

from all patients.

Diagnosis
All patients were pathologically diagnosed with gastric 

adenocarcinoma. SGC was diagnosed from imaging and 

endoscopic analyses. Thoraco-abdomino-pelvic enhanced 

computed tomography scans was used to assess metasta-

sis. Patients treated after April 2000 received diagnostic 

laparoscopies to detect PM and peritoneal cytology. Clinical 

staging was based on the Japanese Classification of Gastric 

Carcinoma.13

CTX
Prior to 2000, patients with apparently resectable SGC 

routinely underwent upfront gastrectomy, followed by intra-

operative IPC using 150 mg of cisplatin dissolved in 1 L of 

physiological saline for 60 minutes. They might also receive 

postoperative CTX using tegafur plus uracil, with or without 

mitomycin C (MMC), according to patient’s status, whereas 

patients diagnosed with PM received systemic CTX using 

fluorouracil, with or without methotrexate, and IPC using 

cisplatin. Since 2000, patients diagnosed with PM (by staging 

laparoscopies) received systemic CTX using S-1, and IPC 

using taxanes (paclitaxel [PTX] or docetaxel). Postoperative 

CTX using S-1 plus taxane-based IPC was continued as long 

as possible.

surgery
Among patients who did not receive induction CTX, surgery 

was performed 2–4 weeks after SGC was determined to be 

resectable. After induction CTX for PM, patients whose 

lavage cytology turned to negative underwent second-look 

laparoscopy. Among patients who judged resectable, surgery 

was performed 4–6 weeks after their last day of CTX. The 

surgical procedure was total gastrectomy, or distal gastrec-

tomy for “antral-type” primary tumors, located in the lower 

stomach. Involved adjacent organs or localized peritoneal 

metastatic nodules were also resected for curative intent. 

Although the standard lymphadenectomy was an en bloc D2 

resection, D1 dissection was also carried out for patients with 

R2 resections for PM.

statistical analysis
Patients were grouped by stage, initial treatment, surgical 

curability, and existence of PM. Survival was analyzed with 

the Kaplan–Meier method and compared using the log-rank 

test. Univariate and multivariate analyses were carried out 

using a Cox proportional regression hazard model. P<0.05 

was considered significant.

Results
Clinicopathological findings and 
treatment
The characteristics of the 119 patients with SGC are sum-

marized in Table 1. Their median age was 59 years (range: 

14–87 years). Of the 119 patients, 73 (61.3%) had PM 

and 63 (52.9%) had positive cytology of peritoneal lavage 

fluid. None of the patients had stage Ia disease; 86 had 

stage IV disease. Of the 89 surgical patients, 30 patients 

had macroscopic residual tumors (R2). R2 resection rate 

Table 1 Clinicopathological characteristics of patients

Median age, years (range) 59 (14–87)

sex (male/female) 52/67
PM (P0/P1) 46/73
lavage cytology (CY0/CY1) 56/63
Clinical stage (ia/ib/ii/iiia/iiib/iV) 0/3/15/9/6/86
gastrectomy (yes/no) 89 (R0–1: 59, R2: 30)/30
Treatment period (–1999/2000–) 53/66

Abbreviation: PM, peritoneal metastasis.
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before 2000 was 48% and after 2000 was 20%. Since 2000, 

66 patients received newer anticancer drugs, such as S-1 

and taxanes. Of these 66 patients, 44 underwent IPC using 

docetaxel or PTX.

survival and prognostic factors
Median survival time (MST) was significantly longer in 

patients treated since 2000 (22.8 months) than prior to 2000 

(9.5 months; P=0.0013; Figure 1). Prognosis was notably 

worse among patients with PM prior to 2000, whose overall 

survival (OS) rates were as follows: 1-year: 15%, 3-year: 

3%, and 5-year: 0%. The 46 patients without PM did not 

significantly differ in survival before and after 2000, but 

the half of them suffered peritoneal recurrences (Figure 2).

Survival curves by curability showed that the 5-year 

survival rate for patients who underwent R0–1 resections 

was 31%, with an MST of 29.2 months, whereas survival in 

Figure 1 Kaplan–Meyer curve showing Os in all study patients.
Abbreviation: Os, overall survival.

Figure 2 Kaplan–Meyer curve showing Os rates in patients with or without PM.
Abbreviations: P1, peritoneal metastasis positive; P0, peritoneal metastasis negative; Os, overall survival.

patients who underwent R2 resections did not significantly 

differ from those who did not have gastrectomies (Figure 3).

OS rates by various prognostic factors among the 119 

patients with SGC are shown in Table 2. In univariate analy-

sis, PM, lavage cytology, CTX generation, gastrectomy, and 

R2 resection were shown as significant prognostic factors. 

In multivariate analysis, lavage cytology, generation of CTX, 

and R2 resection were shown as independent prognostic 

factors.

We also investigated various prognostic factors in the 66 

patients who were treated since 2000 (Table 3). In univariate 

analysis, lavage cytology, PM, taxane-based IPC, gastrec-

tomy, and R2 resection were significant prognostic factors; 

but in multivariate analysis only R2 resection was found to 

be an independent prognostic factor (hazard ratio: 5.530, 

95% CI: 2.049–14.925, P=0.0007).

Discussion
Because SGC is characterized by diffuse submucosal spread-

ing and deep infiltration into the gastric wall, accompanied 

with fibrosis, serosal invasion is present in many cases at 

diagnosis.2 Therefore, PM is also often found at diagnosis, 

and prognosis is extremely poor.14 In this study, 73 patients 

(61.3%) had PM; their median OS (11.3 months) was sig-

nificant worse than for those without PM (28.4 months; 

P<0.001).

As IPC was considered to have an enhanced anticancer 

effect through high regional drug concentration, cisplatin 

was administered intraperitoneally for patients with PM 

before 2000. However, the MST of these patients before 

2000 (5.6 months) was significantly worse than since 2000 

(14.6 months; P<0.001). Treatment between these two time 
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frames differed by the drugs used for IPC. Ideal agents for 

intraperitoneal administration have low peritoneal clearance 

and high area under the curve ratios from the peritoneal cav-

ity to the plasma. Because cisplatin is hydrophilic and has a 

low molecular weight, it transports readily into the systemic 

circulation.15 Although MMC is widely used in heated IPC, 

MMC also transports into systemic circulation. Moreover, 

IPC using MMC can induce encapsulated peritoneal fibro-

sis because of its chemical toxicity.9 In contrast, as taxanes 

are hydrophobic and have high molecular weights, they are 

retained much longer in the peritoneal cavity.16,17 IPC cannot 

achieve reduction of PM in only a few times, whereas taxane-

based IPC can be administered repeatedly without peritoneal 

adhesion because of its antifibrotic effect.  Intraperitoneal 

Figure 3 Kaplan–Meyer curve showing Os in patients with gastrectomy and those 
with CTX alone.
Abbreviations: R0–1, gastrectomy without macroscopic residual tumor; R2, 
gastrectomy with macroscopic residual tumor; CTX, chemotherapy; Os, overall 
survival.

Table 2 Cox hazard model analysis for Os (all patients)

 Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

sex
Male/female 0.793 0.533–1.180 0.252

CY (+)a

Yes/no 2.712 1.793–4.100 <0.0001 1.686 1.020–2.786 0.041

P (+)b

Yes/no 3.561 2.254–5.624 <0.0001 1.689 0.839–3.401 0.142
CTX

new/oldc 0.524 0.351–0.782 0.0016 0.372 0.235–0.589 <0.0001
iPCd

Yes/no 0.764 0.487–1.199 0.243
Taxane iPe

Yes/no 0.985 0.655–1.481 0.941
gastrectomy

Yes/no 0.399 0.254–0.627 <0.0001 1.157 0.655–2.045 0.615
R2 resection

Yes/no 5.686 3.500–9.237 <0.0001 4.332 2.092–8.970 <0.0001

Notes: aPeritoneal cytology positive. bPM positive. cnew: 2000–2013, old: 1990–1999. diPC. eiPC using PTX or docetaxel.
Abbreviations: Os, overall survival; hR, hazard ratio; CTX, chemotherapy; iPC, intraperitoneal chemotherapy; PM, peritoneal metastasis; PTX, paclitaxel.

Table 3 Cox hazard model analysis for Os among patients treated since 2000 (n=66)

 Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

sex
Male/female 0.819 0.459–1.458 0.499

CY (+)a

Yes/no 2.483 1.380–4.467 0.0024 1.635 0.778–3.436 0.194
P (+)b

Yes/no 3.456 1.798–6.644 0.0002 1.10 0.437–2.816 0.827
Taxane iPc

Yes/no 3.109 1.490–6.484 0.0025 1.725 0.723–4.119 0.219
gastrectomy

Yes/no 0.268 0.142–0.507 <0.0001 1.448 0.597–3.510 0.413
R2 resection

Yes/no 5.671 2.846–11.299 <0.0001 5.530 2.049–14.925 0.0007

Notes: aPeritoneal cytology positive. bPM positive. ciPC using PTX or docetaxel.
Abbreviations: Os, overall survival; hR, hazard ratio; PM, peritoneal metastasis; iPC, intraperitoneal chemotherapy; PTX, paclitaxel.
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administration of PTX or docetaxel improved MST by more 

than 20 months and increased the 1-year survival rate to 

more than 70% among GC patients with PM.10–12 The oral 

anticancer drug S-1 is a fluoropyrimidine derivative that 

combines tegafur with two modulators.18 S-1 is also highly 

effective against PM as it facilitates higher concentrations 

of 5-FU and CDHP in peritoneal tumors than in plasma.19 

For the above reasons, treatment outcomes since 2000 for 

the patients with PM have been excellent.

Taxane-based IPC combined with systemic CTX is a 

promising treatment modality for PM in GC. Although use 

of cytoreductive surgery plus heated IPC for PM in GC led 

to a 1-year OS rate of only about 50%, taxane-based IPC 

combined with systemic CTX resulted in a 1-year OS rate 

above 70%.20–22

However, taxane-based IPC was not a prognostic factor 

for SGC in this study. For the patients with severe PM, tumors 

did not always disappear by taxane-based IPC. Such patients 

did not receive surgery, resulting in poor prognosis. On the 

other hand, taxane-based IPC was performed as adjuvant 

CTX after 2000; however, there was no significant differ-

ence in survival between before and after 2000 in patients 

without PM. Takahashi et al23 also failed to prove superiority 

of intraperitoneal PTX over intravenous PTX delivered after 

surgery in gastric linitis. These results support the idea that 

postoperative adhesion might inhibit delivery of intraperito-

neal taxane. Furthermore, the biological properties of SGC 

make treatment challenging. PM from SGC is character-

ized by diffusely infiltrating and proliferating cancer cells, 

accompanied by extensive stromal fibrosis that impedes drug 

delivery and results in chemoresistance.24

Of the 119 patients, 89 (74.8%) underwent surgical treat-

ment and 30 patients received noncurative resection (R2). 

In this study, R2 resection was the independent prognostic 

factor most associated with poor outcome in multivariate 

analysis. After gastrectomy, residual tumor growth could be 

promoted by inducing inflammatory cytokines and immuno-

suppression.25 Moreover, most patients who received surgical 

treatment needed total gastrectomy because of diffuse expan-

sion of SGC. In this study, only 4 of 89 patients underwent 

partial gastrectomy (data not shown). Compliance with CTX 

after total gastrectomy is generally lower than with any other 

type of gastrectomy because of postoperative weight loss.26,27 

These results support the idea that OS after R2 resection 

did not differ from CTX alone. The REGATTA trial, which 

investigated the superiority of gastrectomy followed by CTX 

vs CTX alone in patients with noncurable GC, also showed 

gastrectomy could not be justified for treatment of patients 

with noncurable GC.28

To avoid R2 resection, new treatment strategies are 

needed to target tumor proliferation and fibrosis in SGC. 

Recently, the effectiveness of anti- VEGFR2 antibody, with 

or without PTX, has been reported in patients with metastatic 

GC.29,30 Blocking VEGFR2 not only inhibits tumor growth 

directly but also normalizes tumor vessels and improves the 

delivery of small nanoparticles such as nab-PTX.31 Bando 

et al32 reported favorable efficacy for nab-PTX combined with 

ramucirumab in patients with previously treated advanced 

GC, including 43% of those with PM.32 Intratumoral fibrosis 

in SGC leads to poor drug delivery as a result of interstitial 

high pressure. Antifibrotic agents are therefore expected to 

improve drug delivery. TGF-β has been shown to be a key 

mediator of tissue fibrosis.33,34 We previously demonstrated 

that GC has higher levels of both angiotensin II and AT1 

receptor than normal tissues.35 This angiotensin II/AT1 

receptor axis contributes to tissue fibrosis through TGF-β 

production in the cancer microenvironment. Okazaki et al36 

reported that candesartan, which is an AT1 blocker, inhibited 

tumor proliferation and stromal fibrosis derived from GC 

xenografts. Tranilast, which is used as an antiallergic and 

antifibrotic agent, is also expected to function as antifibrotic 

agent by suppressing the TGF-β signaling pathway.37

Because tumors with R0 resections are regarded to be 

relatively chemosensitive, combination therapy based on its 

molecular mechanism between stroma and cancer cells should 

be developed to increase chemosensitivity. Larger multicenter 

prospective studies are required to clarify the efficacy of new 

multidisciplinary therapy, using small-molecule PTX plus 

anti-VEGFR antibodies, including antifibrotic agents.

There are several limitations in this study. First, treatment 

efficacy could only be evaluated by OS rate, because PM is 

regarded as an unmeasurable lesion. Second, our study was 

small, and conducted in a single institution; therefore, further 

larger, multicenter studies are required to validate our results.

Conclusion
As use of taxane-based IPC is not an independent prognostic 

factor, new multidisciplinary therapies are necessary to avoid 

R2 resections.
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