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TS-1 as first-line therapy for gastric linitis plastica:
historical control study
Tohru Sasaki, Wasaburo Koizumi, Satoshi Tanabe, Katsuhiko Higuchi,
Norisuke Nakayama and Katsunori Saigenji

Gastric linitis plastica (LP) is usually found as an advanced

gastric cancer and has a poor prognosis. No sufficiently

effective chemotherapy has been reported. In recent years,

TS-1 has yielded a high response rate for advanced gastric

cancers and favorable treatment results have also been

suggested for gastric LP. We retrospectively compared and

discussed anti-tumor effects and survival time for 62

consecutive patients with unresectable gastric LP who

underwent chemotherapy at Kitasato University East

Hospital between November 1995 and December 2002.

They were divided into two groups: 19 patients given

chemotherapy including TS-1 as first-line therapy

(TS-1 group), and 43 patients given chemotherapy mainly

with 5-fluorouracil, cisplatin, methotrexate and mitomycin

C (non-TS-1 group). The overall response was 57.9%

[95% confidence interval (CI) 35.7–80.1%] in the TS-1

group, which was significantly greater than the 27.9%

(95% CI 14.5–41.3%) of the non-TS-1 group (P < 0.01). The

median survival time was 402 days (95% CI 251–553 days)

in the TS-1 group, which was also significantly longer than

the non-TS-1 group (213 days, 95% CI 165–261 days,

P < 0.01). Neutropenia and febrile neutropenia of grade 3

or higher were observed in 21.1 and 5.2%, respectively, in

the TS-1 group, which were lower than the values of 37.2

and 20.9% in the non-TS-1 group. We conclude that greater

anti-tumor effects and longer survival time can be expected

from chemotherapy including TS-1 for gastric LP compared

with conventional chemotherapy. Anti-Cancer Drugs
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Introduction
The term linitis plastica (LP) was first used by Brinton in

1865 [1], and later defined as a diffuse type of gastric

cancer with a tendency to grow invasively and not form

marginal ridges [2,3]. In most cases, LP is poorly

differentiated and originates in the gastric fundal gland

area, showing mainly extensive submucosal invasion

without forming obvious concavities or recesses [3], and

forming a ‘leather bottle’-like appearance or giant folded

walls. Marked lymph node metastasis, peritoneal meta-

stasis and direct invasion into the gastrointestinal tract

are present in many LP patients [4], but imaging

diagnosis and histological diagnosis by biopsy are difficult,

and it is often found as an advanced cancer with

peritoneal metastasis at diagnosis. In the US, the diffuse

type, especially the signet ring cell subtype gastric cancer,

has tended to become more prevalent [5].

LP has a poor prognosis compared with other advanced

cancers [6] and the 5-year survival rate is only 10–20%

even in cases which are surgically treated [7]. Surgical

treatment is often only palliative [4]. Yoshikawa, et al.
reported that out of 223 cases, curative resections were

performed in 65 cases and non-curative resections in 117

cases, with median survival times (MSTs) of 727 and 272

days, respectively, but the MST in the inoperable cases

was 88 days [8]. In a report examining the efficacy of

surgical treatments in 86 cases of LP by Hamy et al., the

1-year survival rate was 50% and the 5-year survival rate

was 10%, which suggested that satisfactory treatment

results were not obtained [9]. With the extended

operations (complete removal of top-left peritoneal

viscera + Appleby surgery) advocated by Furukawa et al.,
the 5-year survival rates at stage III and IV of LP were 40

and 5%, respectively, which did not lead to an obvious

improvement in prognosis compared with the 5-year

survival rates of 20 and 3% with traditional surgery [10].

Thus, LP is considered to be a clinical condition with a

very poor prognosis among advanced cancers and not only

surgical treatment, but also chemotherapy is considered

to be important. Although there are few reports examin-

ing the efficacy of chemotherapy only for LP, in cases

where 5-fluorouracil (5-FU) + cisplatin were adminis-

tered as neoadjuvant chemotherapy [11] and surgical

resection was performed later, gastric LP had a signifi-

cantly poor prognosis compared with non-gastric LP, and

the overall MSTwas approximately 6 months, while it was

16 months for non-gastric LP [12].
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In a phase II study of 5-FU + cisplatin for advanced

gastric cancer, the overall MST was approximately 9

months, while it was less than 6 months for LP [13]. In

recent years, many new anti-tumor drugs have been

developed. TS-1 is an oral fluorinated pyrimidine drug,

and showed high response rates (35–53.6%) and high

usefulness as monotherapy in phase I and II studies

[14–17]. The report of Koizumi et al. indicated that TS-1

shows a high response rate (52.0%) for poorly differ-

entiated adenocarcinomas [17], suggesting the efficacy of

TS-1 for LP, which in most cases is a poorly differentiated

adenocarcinoma. In this study, we compare LP cases

in which chemotherapy including TS-1 was given as

first-line therapy with LP cases given conventional

chemotherapy as control and discuss the efficacy of

TS-1 for LP.

Methods
Patient eligibility

The subjects were LP patients consecutively given

chemotherapy at Kitasato University East Hospital

between November 1995 and December 2002, meeting

the following eligibility criteria: unresectable gastric LP

(a diffuse type of gastric cancer [2,3]) identified as

adenocarcinoma histologically, no prior treatment, 0–2

Eastern Clinical Oncology Group (ECOG) performance

status (PS), sufficient organ function, oral intake possible

and informed consent obtained.

Treatment methods

TS-1 group

We administered the dosage of TS-1 as approved in

Japan. We calculated the dosages from the body surface

area, and administered 80 mg/day to patients with areas

of 1.25 m2 or less, 100 mg/day to patients with areas of

1.25–1.5 m2 and 120 mg/day to patients with areas of

more than 1.5 m2, divided into two daily doses. The

course consisted of a 4-week administration period and a

2-week washout period, and treatment was repeated as

long as progressive disease (PD) or serious adverse events

did not occur. When we began to employ chemotherapy

using cisplatin in combination with TS-1 from 2000, we

administered the above doses of TS-1 for 3 weeks with a

washout period of 2 weeks and cisplatin was administered

once at a dose of 60 mg/m2 on day 8.

Non-TS-1 group

As a control to compare the curative effects, LP patients

given chemotherapy at the same time satisfying the above

eligibility criteria were used as control cases. However,

since TS-1 was marketed in 1999, the control cases

included many cases before marketing of TS-1. Treat-

ments included chemotherapy with 5-FU alone (F group;

continuous 5-FU 800 mg/m2, days 1–5), with methotrex-

ate (MTX) + 5-FU + cisplatin (MFP group; bolus MTX

30 mg/m2 and 5-FU 600 mg/m2, days 1 and 8, and

continuous low-dose cisplatin 6 mg/m2, days 1–14) or

with 5-FU + cisplatin + mitomycin C (MMC) (FMP

group; continuous 5-FU 600 mg/m2, days 1–5, MMC

6 mg/m2, day 6, and cisplatin 60 mg/m2, day 7 [18]) as

first-line therapy. We determined the dosages and dosing

periods based on protocols approved in Japan.

Evaluation

We determined the effects using computerized tomo-

graphy (CT), gastroscopy and gastrography before and

after treatment in all cases. We determined the curative

effects based on the WHO standards [19] for metastatic

foci. We also evaluated primary foci based on the General

Rules for Gastric Cancer Studies of the Japanese

Research Society for Gastric Cancer [20], because some

cases of LP have no measurable lesion and so it is

necessary to evaluate the primary foci for the determina-

tion of response in LP cases. With respect to ascites, we

classified patients in whom ascites disappeared on CT as

a ‘partial response (PR)’, patients with no marked change

as ‘no change (NC)’ and patients who became worse as

‘progressive disease (PD)’. We classified adverse events

according to the ‘Criteria for the evaluation of clinical

effects of solid cancer chemotherapy’ [21] prepared by

the Japan Society for Cancer Chemotherapy based on the

WHO standards [19].

Statistical

We compared patient characteristics using the w2-test.

For MST and time to progression (TTP), we calculated

cumulative survival curves by the Kaplan–Meier method

and compared result by the generalized Wilcoxon test.

Results
Patient characteristics (Table 1)

Nineteen patients given chemotherapy including TS-1 as

the first-line therapy (TS-1 group), included 11 men

and eight women, and the median age was 60 years (range

27–74). The 43 controls (non-TS-1 group) consisted of 21

men and 22 women with a median age of 60 years (range

19–77). No significant difference was observed between

the two groups. The PS was 0 in 11 cases, 1 in six cases

and 2 in two cases in the TS-1 group, while the respective

numbers were 14, 20 and nine in the non-TS-1 group.

Although there were biases in the cases with worse PS in

the non-TS-1 group compared with the TS-1 group, there

was no significant difference between the two groups. In

the TS-1 group, the histological types were diffuse type

in 17 cases and intestinal type in two cases; in the non-

TS-1 group, there were 41 and two cases, respectively. In

both groups, most of them were diffuse type, but some

intestinal cases were included. In patients with difficulty

in eating due to pyloric obstruction, gastrojejunostomy

was performed before chemotherapy to enable oral

intake. There were two such cases in the TS-1 group

and five in the non-TS-1 group.

582 Anti-Cancer Drugs 2006, Vol 17 No 5

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



In the TS-1 group, cisplatin was used in combination

with TS-1 from 2000. Eight cases out of 19 cases were

treated with TS-1 alone and 11 cases by a combination

with cisplatin. In the non-TS-1 group, four cases were in

the F group, 25 cases in the MFP group and 14 cases in

the FMP group.

Response (Table 2)

The overall response in the TS-1 group was 57.9% [95%

confidence interval (CI) 35.7–80.1%], which was higher

than the 27.9% (95% CI 14.5–41.3%) in the non-TS-1

group (P < 0.01). The response rates by target site in the

TS-1 group were 47.4, 100, 50.0 and 50.0% for primary

foci, metastasis in the liver, lymph node metastasis and

cancerous ascites, respectively, and 20.9, 75.0, 50.0 and

13.6%, respectively, in the non-TS-1 group.

Adverse events (Table 3)

As hematological toxicity, neutropenia was observed in

84.2% in the TS-1 group and 86.0% in the non-TS-1

group. Serious adverse events of grade 3 or more for

neutropenia and febrile neutropenia were observed in

21.1 and 5.2% of the TS-1 group, and 37.2 and 20.9%,

respectively, of the non-TS-1 group, showing fewer

adverse events in the TS-1 group. There was no

discontinuation of TS-1 due to hematological toxicity.

Anemia and thrombocytopenia were observed in 57.9

and 15.8%, respectively, of the TS-1 group, and in 76.7

and 58.1%, respectively, of the non-TS-1 group. The only

serious adverse events of grade 3 or more were anemia

in one case in the TS-1 group and two cases in the non-

TS-1 group.

Non-hematological toxicity included hepatic dysfunction

(increase in AST and increase in ALT) in a few cases in

the TS-1 group (5.2 and 10.5%) and in 25.6% each in the

non-TS-1 group. The hepatic dysfunction was improved

by the discontinuation of drugs. Diarrhea and stomatitis,

which are characteristic of 5-FU-type drugs, were each

observed in 21.1% of the TS-1 group, and in 14.0 and

4.7%, respectively, of the non-TS-1 group. Serious

diarrhea of grade 3 was observed in one case in the

TS-1 group, but the symptoms were improved by the

discontinuation of the drug and responded to medical

treatment. Anorexia and nausea were observed at

comparatively high percentages, 36.8 and 42.1%, respec-

tively, of the TS-1 group, and in 27.9% and 53.5%,

respectively, of the non-TS-1 group. Hand–foot syndrome

was observed in one case in the non-TS-1 group, but

the symptoms were mild. There were two cases of

discontinuation of TS-1 due to adverse events in the

TS-1 group (one case of drug-induced eruption and one

case of diarrhea). There was no toxic death in any group.

Survival (Fig. 1)

With respect to overall survival, MST was 402 days (95%

CI 251–553 days) in the TS-1 group, which was

significantly longer than the 213 days (95% CI 165–261

days) in the non-TS-1 group (P < 0.01).

The 1-year survival rate was 52.6% in the TS-1 group and

23.2% in the non-TS-1 group. The TTP was 155 days

Table 1 Patient characteristics

TS-1 Non-TS-1 P

No. of patients (November
1995–December 2002)

19 43

Sex (M/F) 11/8 21/22 0.97
Median age [years (range)] 60 (27–74) 60 (19–77) 0.37
PS (ECOG) 0.22

0 11 14
1 6 20
2 2 9

Histological type 0.21
intestinal 2 2
diffuse 17 41
gastrojejunostomy 2 5 0.81

Chemotherapy TS-1 alone 8 5-FU 4
plus COOP 11 FMP 14

MFP 25

Table 2 Overall response

TS-1 Non TS-1

CR/PR/NC/
PD/NE

RR (95% CI) CR/PR/NC/
PD/NE

RR (95% CI)

Overalla 0/11/8/0/0 57.9
(35.7–80.1)

0/12/22/9/0 27.9
(14.5–41.3)

Target site
primary 0/9/10/0/0 47.4 0/9/28/2/4 20.9
liver 0/1/0/0/0 100 0/3/1/0/0 75.0
lymph nodes 0/5/5/0/0 50.0 1/8/7/2/0 50.0
Ascites 0/4/4/0/0 50.0 0/3/15/4/0 13.6

NE, not evaluable; RR, response rate.
aP < 0.01.

Table 3 Adverse events

TS-1 Non-TS-1

Total (%) Grade r3
(%)

Total (%) Grade r3
(%)

Hematological toxicities
neutropenia 16 (84.2) 4 (21.1) 37 (86.0) 16 (37.2)
febrile neutropenia 1 (5.2) 9 (20.9)
anemia 11 (57.9) 1 (5.2) 33 (76.7) 2 (4.7)
thrombocytopenia 3 (15.8) 0 (0) 25 (58.1) 2 (4.7)

Non-hematological toxities
Laboratory data

AST 1 (5.2) 0 (0) 11 (25.6) 1 (2.3)
ALT 2 (10.5) 1 (5.2) 11 (25.6) 1 (2.3)
ALP 2 (10.5) 1 (0) 11 (25.6) 0 (0)
T.Bill 2 (10.5) 1 (0) 2 (4.7) 0 (0)
Cr 3 (15.8) 0 (0) 8 (18.6) 0 (0)

Others
diarrhea 4 (21.1) 1 (5.2) 6 (14.0) 0 (0)
stomatitis 4 (21.1) 0 (0) 1 (4.7) 0 (0)
anorexia 7 (36.8) 1 (5.2) 12 (27.9) 0 (0)
nausea 8 (42.1) 0 (0) 23 (53.5) 0 (0)
pigmentation 3 (15.8) 0 (0) 2 (4.7) 0 (0)
eruption 2 (10.5) 0 (0) 5 (11.6) 0 (0)
hand–foot syndrome 0 (0) 0 (0) 1 (4.7) 0 (0)
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(95% CI 91–219 days) in the TS-1 group and 112 days

(95% CI 53–148 days) in the non-TS-1 group (P = 0.054).

Discussion
We set out to determine whether TS-1 could show greater

anti-tumor effect and longer survival in gastric LP

compared with conventional chemotherapy. Chemother-

apy for LP has consisted of the same regimens as many

other unresectable advanced gastric cancers, but curative

effects have not been satisfactory. Chemotherapy for

conventional advanced cancers has been performed mainly

using cytostatic drugs, such as 5-FU, cisplatin, MMC,

MTX and doxorubicin, alone or in combination, and by

administering them i.v. [22]. The response rates for

monotherapy, however, were low (15–30%) [23–27] and

although comparatively high response rates (40–73%) for

combination therapy (FAM, FAMTX, FP and ECF) were

reported [28–31], the MST remained at 5.5–10.6 months.

Serious adverse events including myelosupression were

observed and there has been no report showing efficacy for

LP. In Japan, alternating treatment with MTX and 5-FU

(MF) based on biochemical modulation was reported to be

effective for poorly differentiated cancers in a phase II

study [32]. Since Konishi et al. reported that the response

rate of MF for poorly differentiated patients was 32.1%

[33], MF has been mainly given for LP in our institution.

In recent years, new cytostatic drugs, such as irinotecan

(CPT-11) [34], paclitaxel [35], docetaxel, oxaliplatin,

capecitabine [36] and TS-1, have become available. TS-1,

in particular, is suggested to be effective in poorly

differentiated cases [17] and since it was reported that

when TS-1 was used as a neoadjuvant chemotherapeutic

agent for LP, curative resection was possible in three out

of five cases (60%) [37].

TS-1 is an oral dihydropyrimidine dehydrogenase (DPD)-

inhibiting fluoropyrimidine, which inhibits DPD, a

metabolic enzyme of 5-FU, and maintains high 5-FU

concentrations in tumor and blood [38,39]. In TS-1,

5-2,4-dihydroxypyrimidine (CHDP), a reversible compe-

titive inhibitor of DPD, and oteracil potassium (Oxo),

which reduces gastrointestinal disorders caused by 5-FU,

are present in a molar ratio of FT:CDHP:Oxo = 1:0.4:1 to

tegafur (FT), the pro-drug of 5-FU, with a remarkable

oral absorption [14]. It is reported that TS-1 retains a

high efficacy even in gastric cancer cell lines with high

DPD activity, by the concomitant use of DPD [40]. In

a study on 41 patients with gastric cancer administered

TS-1, the MST of 18 DPD-positive cases was 338 days

and that of 23 DPD-negative cases was 207 days

(P = 0.206), which shows TS-1 was effective regardless

of DPD activity [41]. In another report, although

involving few patients, TS-1 showed efficacy in gastric

cancer cases with high DPD activity [42]. The possibility

that DPD activity is comparatively high in LP cases can

be considered as a reason for the higher response rate

and longer survival time in the TS-1 group. Although no

conclusion on the relationship between TS activity or

DPD activity of gastric cancer and curative effects and

prognosis by 5-FU have been obtained [43], it is reported

that DPD activity differs in differentiated and poorly

differentiated adenocarcinomas, suggesting higher DPD

activity in poorly differentiated adenocarcinoma [44].

The possibility of high DPD activity and poor prognosis

was also suggested for poorly differentiated colorectal

adenocarcinoma [45].

Measurements of TS and DPD activities in normal

tissues and tumor tissues in LP and further investigations

of sensitivity to TS-1 and survival time are required in

the future. Another hypothesis is longer exposure to

chemotherapy with oral continuous chemotherapy versus

sequential chemotherapy. However, the infusional 5-FU

regimens or capecitabine (used in a western standard

ECF or ECX regimen) are also potentially active.

In this study, objective responses were not reviewed by an

external expert committee and the interpretation of

response is usually difficult for LP. Although the

difference was not significant, worse PS in the non-TS-

1 group was observed. In addition, the TS-1 group

consisted of two regimens (TS-1 alone and in combina-

tion with cisplatin) because higher curative effects with a

response rate of 73% was suggested in a phase II study

during this investigation [46]. Therefore, the overall

response rate and MST may be overestimated because of

these potential biases.

In Japan, studies comparing 5-FU alone, CPT-11 +

cisplatin and TS-1 alone TS-1 alone and 5-FU + leucov-

orin, TS-1 alone and TS-1 + irinotecan, TS-1 alone and

TS-1 + taxotere, and TS-1 alone and TS-1 + cisplatin are

Fig. 1
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in progress as phase III studies, and TS-1 alone or

combination therapies with TS-1 may become standard

treatments for unresectable advanced gastric cancers

depending on the results. Higher anti-tumor effects and

longer survival time are also expected with chemotherapy

including TS-1 for gastric LP with a poor prognosis

compared with conventional chemotherapy. It is neces-

sary to conduct a prospective randomized study of TS-1

for LP and to determine the most effective first-line

therapy for LP in the future.

Conclusion
TS-1 as first-line chemotherapy for gastric LP showed an

overall response of 57.9% and a median survival time of

402 days, which were significantly greater and longer

compared with 27.9% and 213 days in conventional

chemotherapy. Furthermore, adverse events were fewer in

TS-1-treated patients. Although several potential biases

were considered, greater anti-tumor effects and longer

survival time can be anticipated from chemotherapy

including TS-1 for gastric LP compared with conven-

tional chemotherapy.
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