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ABSTRACT
Introduction: The effect of proton pump inhibitors on capecitabine- and S-1-based treatment for human
epidermal growth factor receptor 2 (HER2)-positive gastric cancer is unknown. Therefore, we compared the
effect of proton pump inhibitors between capecitabine- and S-1-based treatments for HER2-positive gastric
cancer.
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Methods: In a multi-institutional study, we retrospectively analyzed the effect of proton pump inhibitors
on 155 HER2-positive advanced or recurrent gastric cancer patients who were treated with oral 5fluorouracil (capecitabine or S-1) and trastuzumab. Capecitabine- and S-1-based treatments were compared
in terms of the response rate and time to treatment failure, and the negative effects of proton pump inhibitors on the treatment response were evaluated. In this study, the primary endpoint was the response rate,
and the secondary endpoint was time to treatment failure.
Results: There was no significant difference in the response rate between the capecitabine- and S-1-based
treatments. However, in cases without proton pump inhibitor intake, the response rate significantly improved with capecitabine-based treatment rather than with S-1-based treatment (P = 0.046). Compared with
the S-1-based treatment, the capecitabine-based treatment significantly prolonged the time to treatment failure (P = 0.044), including for patients with differentiated adenocarcinoma (P = 0.035).
Conclusions: For HER2-positive and differentiated gastric cancer, capecitabine-based treatment may be
better than S-1-based treatment. Proton pump inhibitors might decrease capecitabineʼs effects and should be
avoided to increase the response rate to capecitabine-based treatment.
Toho J Med 7 (1): 11―19, 2021
KEYWORDS: proton pump inhibitor, HER2-positive gastric cancer, capecitabine, S-1, trastuzumab

Introduction

Methods

According to the ToGA trial results,１） trastuzumab was

Patients

approved for human epidermal growth factor receptor 2

Based on a review of medical records from eight hospi-

(HER2)-positive gastric cancer in March 2011. In some re-

tals (i.e., the Toho University Omori Medical Center, the

ports comparing the effects of capecitabine and S-1 for

University of Tokyo Hospital, The Jikei University Hospi-

HER2-negative gastric cancer, no significant difference

tal, the NTT Medical Center Tokyo, the Showa University

was observed in the survival time between capecitabine

Hospital, the Japanese Red Cross Medical Center, the

２―５）

with, generally, the combination treatment of

Toho University Ohashi Medical Center, and the National

trastuzumab, oral 5-fluorouracil (5-FU) (capecitabine or S-

Hospital Organization Tokyo Medical Center) between

1), and platinum drugs (cisplatin [CDDP] or oxaliplatin [1-

March 2011 and December 2017, we retrospectively col-

OHP]) having been used as a first-line treatment for HER2-

lected data from 155 cases that were treated with a combi-

and S-1,

６）

positive gastric cancer. There was no prospective study
comparing capecitabine-based treatment with S-1-based

nation of oral 5-FU (capecitabine or S-1) and trastuzumab.
Treatment

treatment for HER2-positive gastric cancer. A recent ret-

Seventy-one patients received capecitabine (1,000 mg/

rospective study on 87 patients with HER2-positive gastric

m2, twice a day, on days 1-14, every three weeks) combined

cancer reported no significant difference in efficacy be-

with trastuzumab (8 mg/kg in the first dose, 6 mg/kg af-

tween capecitabine/CDDP/trastuzumab and S-1/CDDP/

ter the second dose). Eighty-four patients received S-1 (40

trastuzumab.７）

mg/m2, twice a day, on days 1-14, every three weeks) com-

Meanwhile, a subgroup analysis of the TRIO-013/

bined with trastuzumab. One hundred and sixteen pa-

LOGiC Randomized Clinical Trial for HER2-positive gas-

tients (74.8%) received CDDP at a range 40-80 mg/m2 for

tric cancer indicated that proton pump inhibitors (PPIs)

each cycle. Nineteen patients (12.3%) received l-OHP at a

８）

With this multi-

range of 80 to 130 mg/m2 for each cycle. Twenty patients

institutional, retrospective analysis aiming to assess PPIsʼ

(12.9%) did not receive platinum agents. Seventy-eight pa-

effect on capecitabine- and S-1-based treatments for HER2-

tients did not received PPIs, and 77 patients received PPIs

positive gastric cancer, it would be valuable to assess PPIsʼ

(Table 1). The PPIs were received in parallel with the oral

negative effects on capecitabine and S-1 treatment for

5-FU.

decreased the effects of capecitabine.

HER2-positive gastric cancer.
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Table 1

Baseline characteristics in Patients

Variables
Median age (range)
Gender
Pathology
HER2 Status
Disease Status
M factor
First line chemotherapy (plus trastuzumab)

Acid suppression drugs

１３

Male (n)
Female (n)
Differentiated type
Undifferentiated type
IHC 2＋/FISH or DISH＋
IHC 3＋
Unresectable
Recurrent
Positive
Negative
plus CDDP
plus l-OHP
alone
Without PPIs
With PPIs

Capecitabine
group
(n＝71)

S-1 group
(n＝84)

69 y.o. (35-87)
53
18
41
30
19
52
41
30
47
24
47
16
8
33
38

68 y.o. (39-89)
64
20
56
28
23
61
57
27
72
12
69
3
12
45
39

P value
0.4501)
0.8232)
0.2522)
0.9312)
0.1932)
0.0042)
0.0012)

0.3782)

1) Mann-Whitneyʼs U test 2) Chi-squared test
HER2＝human epidermal growth factor receptor‒related 2; FISH＝fluorescence in situ hybridization; DISH＝dual color in
situ hybridization; IHC＝immunohistochemistry; CDDP＝cisplatin; l-OHP＝oxaliplatin; PPIs＝proton pump inhibitors

Evaluation of efficacy and statistical analysis
The patients were compared according to groups, based

pan).
Ethical approval

on the: 1) treatment received (capecitabine group [capecit-

The study protocol was approved by the Ethics Com-

abine/trastuzumab±platinum agent] vs. S-1 group [S-1/

mittee of the Faculty of Medicine, the Toho University (#

trastuzumab±platinum agent]); 2) use of PPIs (PPI group

A19017, #A16084).

vs. non-PPI group); and 3) pathologic classification (differentiated type [tubular adenocarcinoma: tub1/tub2] vs. un-

Results

differentiated type [poorly differentiated adenocarcinoma;

Patientsʼ characteristics

por, Signet-ring cell carcinoma; sig and other]). Treatment

We used 155 patients with HER2 positive gastric cancer

efficacy was evaluated according to the Response Evalu-

in Table 1. The median age was 69 years (range 35-87) and

ation Criteria in Solid Tumors Guideline.９）

68 (range 39-89) years in the capecitabine group and the S-

Mann-Whitney U-test used to compare median age and

1 group, respectively. The number of patients for each pa-

response rate. Chi-squared test was used to compare cate-

thologic type in the capecitabine group was 41 for differen-

gorical data such as gender, pathological type, HER2

tiated type and 30 for undifferentiated type. The number

status, disease status, M factor, platinum drugs, and PPIs.

of patients for each pathologic type was 56 for differenti-

Kaplan-Meier survival curves were obtained based on the

ated type and 28 for undifferentiated type in the S-1 group.

survival time from the initial date of treatment. The cen-

There were 19 patients with HER2 2＋/FISH or DISH

soring date was December 31, 2018. Differences in survival

positive tumors and 52 patients with HER2 3＋ tumors in

time were evaluated using the log-rank test. Hazard ratios

capecitabine group. There were 23 patients with HER2

for the comparison of the capecitabine and the S-1 groups

2＋/FISH or DISH positive tumors and 61 patients with

were calculated by Cox proportional hazards model.

HER2 3＋ tumors in the S-1 group. The number of patients

All P-values were calculated using two-sided testing,

for disease status was 41 for unresectable cancer and 30

and P-values ＜0.05 were considered statistically signifi-

for recurrent cancer in the capecitabine group. The num-

cant. All statistical analyses were performed with Stat-

ber of patients for disease status was 57 for unresectable

Mate V for Win＆Mac Hybrid (ATMS Co., Ltd., Tokyo, Ja-

cancer and 27 for recurrent cancer in the capecitabine
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Table 2 Overall response rate and subgroup response rate
Overall response rate (n) %
Treatment
Capecitabine group
S-1 group

(n)

CR (n) %

PR (n)

SD (n) %

PD (n) %

RR %

DCR%

P value

71
84

8.5 (6)
4.8 (4)

31.0 (22)
33.3 (28)

22.5 (16)
17.9 (15)

38.0 (27)
44.0 (37)

39.5
38.1

62
56

0.5091)

0.0461)

Subgroup response rate (n) %
Capecitabine group
S-1 group
Capecitabine group
S-1 group

without PPIs
(n＝78)

Capecitabine group
S-1 group
Capecitabine group
S-1 group

in differentiated
type (n＝97)

with PPIs
(n＝77)

in undifferentiated
type (n＝58)

33
45
38
39

15.1
6.7
2.6
2.6

(5)
(3)
(1)
(1)

36.4
28.9
26.3
38.4

(12)
(13)
(10)
(15)

21.2
13.3
23.7
23.1

(7)
(6)
(9)
(9)

27.3
51.1
47.4
35.9

(9)
(23)
(18)
(14)

51.5
35.6
28.9
41.0

72.7
48.9
52.6
64.1

41
56
30
28

2.4
5.4
16.7
3.6

(1)
(3)
(5)
(1)

39.0
37.5
20.0
25.0

(16)
(21)
(6)
(7)

22.0
16.1
23.3
21.4

(9)
(9)
(7)
(6)

36.6
41.0
40.0
50.0

(15)
(23)
(12)
(14)

41.4
42.9
36.7
28.6

63.4
59.0
60.0
50.0

0.2561)
0.1911)
0.3131)

1) Mann-Whitneyʼs U test
CR＝complete response; PR＝partial response; SD＝stable disease; PD＝progressive disease; RR＝response rate; DCR＝disease control rate
Upper column: overall response rate between the capecitabine and S-1 groups
Middle column: subgroup response rate based on PPIs use and type of oral 5-FU
Lower column: subgroup response rate based on pathologic type and type of oral 5-FU

group. In the recurrent cases, the classification of total gas-

PPIs use and type of oral 5-FU, are shown in Table 2.

trectomy and partial gastrectomy was unknown. The

Among the patients who did not receive PPIs, the CR, PR,

number of patients for M factor was 47 for positive and 24

SD, and PD were 15.1%, 36.4%, 21.2%, and 27.3%, respec-

for negative in the capecitabine group. The number of pa-

tively, in the capecitabine group and 6.7%, 28.9%, 13.3%,

tients for M factor was 72 for positive and 12 for negative

and 51.1%, respectively, in the S-1 group; there were sig-

in the S-1 group. Among the capecitabine group, trastuzu-

nificant differences in the response rates between the

mab was combined with capecitabine plus CDDP, capecit-

capecitabine and S-1 groups (P = 0.046). On the other hand,

abine plus l-OHP, and capecitabine alone in 47, 16, and 8

among the patients who received PPIs, there were no sig-

cases, respectively. Among the S-1 group, trastuzumab

nificant differences in response rates between the capecit-

was combined with S-1 plus CDDP, S-1 plus l-OHP, and S-1

abine and S-1 groups (P = 0.256).

alone in 69, 3, and 12 cases, respectively. There were 33 pa-

The response rates among the four groups, based on pa-

tients without PPIs and 38 patients with PPIs in the cape-

thologic type and type of oral 5-FU, are shown in Table 2.

citabine group. There were 45 patients without PPIs and

Among the patients who had the differentiated type, the

39 patients with PPIs in S-1 group. There were no signifi-

CR, PR, SD, and PD were 2.4%, 39.0%, 22.0%, and 36.6%, re-

cant differences in age, gender, pathology, HER2 status,

spectively, in the capecitabine group and 5.4%, 37.5%,

and acid suppression drugs between the capecitabine

16.1%, and 41.0%, respectively, in the S-1 group; there were

group and the S-1 group, however, there were significant

no significant differences in the response rates between

differences in M factor and treatment (Table 1).

the capecitabine and S-1 groups (P = 0.191). Likewise,

Response rate

among the patients who had the undifferentiated type,

As shown in Table 2, 8.5% of the capecitabine group had

there were no significant differences in the response rates

a complete response (CR), 31.0% had a partial response

between the capecitabine and S-1 groups (P = 0.313).

(PR), 22.5% had stable disease (SD), and 38.0% had progres-

Time to treatment failure and Overall survival and

sive disease (PD); in the S-1 group, 4.8% had CR, 33.3% had

Treatment discontinuation factor

PR, 17.9% had SD, and 44.0% had PD. There were no sig-

The median TTF and overall survival time (OS) were

nificant differences in the response rates between the

five months (Fig. 1a) and 20 months (Fig. 1b), respectively.

capecitabine and S-1 groups (P = 0.509).

The treatment failure causes are shown in Fig. 1c. Treat-

The response rates among the four groups, based on

ment was discontinued because of PD in most patients (n
Toho Journal of Medicine・March 2021
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(c) The causes of treatment failure among all
110

(n = 155)

90

5M

80
70

0

20

40

60

80

100

Time to treatment failure(month)

(b) Overall survival (n = 155)
Overall survival rate (%)

65.8%
(n = 102)

100

median TTF

100
90
80
70
60
50
40
30
20
10
0

number of cases

Time to treatment failure rate (%)

(a) Time to treatment failure (n = 155)
100
90
80
70
60
50
40
30
20
10
0

１５

60
50

n = 32

40
30

7.7%

0.6%

2.0%

3.2%

3.2% 12.3%

3.9%

1.3%

(n = 12) (n = 1) (n = 3) (n = 5) (n = 5) (n = 19) (n = 6) (n = 2)

MST
20 M

20
10
0

0

20

40

60

80

100

Survival time (month)

PD: progressive disease /AE: Advanced event / CR: complete response

Fig. 1 Prognosis of the gastric cancer patients treated with Trastuzumab. (a) Time to treatment failure, (b) Overall survival, and (c) The causes of treatment failure among all patients (n
＝155).

= 102); adverse events (n = 12); and other reasons (n = 32),

Hazard ratios for the capecitabine and S-1 groups

such as CR (n = 5), surgery (n = 19), refusal (n = 6), and hos-

In the subgroup analyses of TTF based on a univariate

pital transfer (n = 2). Of the five patients with CR, three

Cox proportional hazards model, none of the four groups

were maintained in CR, but two eventually developed PD

(based on with/without PPIs or pathological type) showed

and died.

statistically significant differences between the capecit-

Comparison of time to treatment failure and overall

abine group and the S-1 group. However, among patients

survival between capecitabine and S-1

who did not receive PPIs and/or those with a differenti-

To investigate the prognosis associated with treatment

ated type, the hazard ratio for TTF was especially lower

risk, we focused on 123 cases, excluding those who had CR,

(0.65/0.62) in the capecitabine group than in the S-1 group

underwent surgery, refused, and/or were transferred to

(Fig. 5).

another hospital (Fig. 2). The TTF was significantly longer
in the capecitabine group than in the S-1 group (P = 0.044)

Discussion

(Fig. 2a). There was no significant difference in OS be-

In this multi-institutional study, we compared the effect

tween the capecitabine and S-1 groups (P = 0.574) (Fig. 2b).

of PPIs between capecitabine- and S-1-based treatments

Time to treatment failure according to PPI treat-

for HER2-positive gastric cancer. The response rates to

ment and pathologic type

capecitabine and S-1 significantly differed among patients

As shown in Fig. 3, the TTF was similar between the

who did not receive PPIs, while capecitabine, compared

capecitabine and S-1 groups among patients who did not

with S-1, significantly prolonged the TTF. Although the

receive PPIs (P = 0.113) and among those who received

response rates to capecitabine and S-1 were similar, re-

PPIs (P = 0.186). As shown in Fig. 4, The TTF was signifi-

gardless of the pathological type, the TTF was signifi-

cantly longer in the capecitabine group than in the S-1

cantly longer with capecitabine than with S-1 among pa-

group (P = 0.035) in patients with the differentiated type,

tients with the differentiated type.

but it was similar between the capecitabine and S-1

According to previous reports, PPIs resulted in worse

groups (P = 0.596) in patients with the undifferentiated

progression-free survival (PFS), OS, and disease control

type.

rates in gastric cancer patients treated with capecitabine
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(a) Time to treatment failure (n = 123)

(b) Overall survival (n = 123)
100

median TTF

90

Overall survival rate (%)

Time to treatment failure rate (%)

100

Capecitabine base 7 months (n = 54)
S-1 base
4 months (n = 69)

80

P = 0.044* (log-rank test)

70
60
50
40

MST

90

Capecitabine base 20 months (n = 54)
S-1 base
13 months (n = 69)

80

P = 0.574 (log-rank test)

70
60
50
40

30

30

20

20

10

10
0

0
0

20

40

60

80

0

100

20

Time to treatment failure (month)

40

60

80

100

Survival time (month)

Fig. 2 Prognosis of the gastric cancer patients (n＝123) treated with Trastuzumab excluding
complete response, surgery, refusal, and/or hospital transfer cases. (a) Time to treatment failure, (b) Overall survival.

(a) Without PPIs (n = 58)

(b) With PPIs (n = 65)

100

100
90

median TTF
Capecitabine base 8 months (n = 22)
S-1 base
4 months (n = 36)

80
70

P = 0.113 (log-rank test)

60
50
40
30
20
10

Time to treatment failure rate (%)

Time to treatment failure rate (%)

90

median TTF

80

Capecitabine base 6 months (n = 32)
S-1 base
4 months (n = 33)

70

P = 0.186 (log-rank test)

60
50
40
30
20
10
0

0
0

20

40

60

80

100

Time to treatment failure (month)

0

20

40

60

80

100

Time to treatment failure (month)

Fig. 3 Time to treatment failure of the gastric cancer patients (n＝123) treated with Trastuzumab excluding complete response, surgery, refusal, and/or hospital transfer cases. (a) The
patients without PPIs treatment (n＝58), (b) The patients with PPIs treatment (n＝65).

and l-OHP８）and worse relapse-free survival, and PFS rates

domized crossover pharmacokinetic study showed that

in colorectal cancer patients treated with capecitabine.１０―１２）

cola intake (pH 2.5) led to a clinically relevant and statisti-

Our results were consistent with those of previous re-

cally significant increase in erlotinibʼs bioavailability dur-

ports, which showed PPIsʼ negative effects on the re-

ing PPI treatment, compared with the marginal effects of

sponse rates to capecitabine. Moreover, concomitant ad-

cola among patients who were not treated with PPIs.１６）

ministration of gastric acid suppressants, such as PPIs,

Therefore, gastric pH might decrease capecitabineʼs

with tyrosine kinase inhibitors appeared to decrease the

bioavailability. On the other hand, similar to the previous

１３―１５）

efficacy of erlotinib, sunitinib, and pazopanib.

A ran-

report by Scheulen et al.,１７） our data confirmed that S-1
Toho Journal of Medicine・March 2021
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(b) Undifferentiated type (n = 47)

(a) Differentiated type (n = 76)
100

100

90

median TTF
80

Capecitabine base 7 months (n = 32)
S-1 base
4 months (n = 44)

70

P = 0.035* (log-rank test)
60
50
40
30
20

Time to treatment failure rate (%)

Time to treatment failure rate (%)

１７

90

median TTF
80

Capecitabine base 7 months (n = 22)
S-1 base
5 months (n = 25)

70

P = 0.596 (log-rank test)
60
50
40
30
20
10

10

0

0
0

20

40

60

80

100

0

20

Time to treatment failure (month)

40

60

80

100

Time to treatment failure (month)

Fig. 4 Time to treatment failure of the gastric cancer patients (n＝123) treated with Trastuzumab excluding complete response, surgery, refusal and/or hospital transfer cases. (a) Differentiated type (n＝76), (b) Undifferentiated type (n＝47).

Univariate Cox proportional hazard model
capecitabine group S-1 group
Total
(n = 123)
(n = 54)
(n = 69)

HR (95%CI)

P value

Without PPI
(n = 58)

(n = 22)

(n = 36)

0.65 (0.37-1.14)

0.13

With PPI
(n = 65)

(n = 32)

(n = 33)

0.74 (0.45-1.23)

0.25

Differentiated type
(n = 76)

(n = 32)

(n = 44)

0.62 (0.38-1.00)

0.05

Undifferentiated type (n = 22)
(n = 47)

(n = 25)

0.84 (0.46-1.52)

0.57

1

0.3

3

Hazard Rate
Favor with capecitabine group

Favor with S-1 group

Fig. 5 Forest plot for subgroup univariate analyses of time to treatment failure (n＝123). Data
are stratified HR (95% CI). HR＝hazard ratio

bioavailability was not affected by PPIs. However, Kim et
１８）

Capecitabine is converted to the active form of 5-FU by

reported that PPIs did not reduce the incidence of tu-

thymidine phosphorylase,２０） which was reportedly ex-

mor bleeding from inoperable advanced gastric cancer pa-

pressed more in differentiated adenocarcinomas than in

tients, who are often treated with PPIs. In fact, half our

undifferentiated adenocarcinomas.２１） Moreover, intestinal

al.

１９）

present series used PPIs. Moreover, Chisaki et al.

re-

type, absence of peritoneal metastasis, and hepatic metas-

ported that PPIs reduced the gastrointestinal toxicity

tasis were identified as the significant independent factors

caused by S-1 in gastric cancer. Taken together, the con-

related to HER2 positivity.２２） Capecitabine-based treat-

comitant use of PPIs may be better with S-1, but not with

ment has been suggested as an effective regimen for

capecitabine.

HER2-positive gastric cancer, as capecitabine is sensitive
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in cells with relatively high thymidine phosphorylase ac２３）

tivity.

Therefore, this hypothesis was confirmed in our

present study. Among patients with differentiated type
adenocarcinoma, capecitabine significantly prolonged the
TTF, although, compared with S-1, it did not significantly
increase the response rates.
The present study was multi-institutional; however, it
was a retrospective study, so a limitation was that the
clinical stage and treatment regimens were not accounted
for in the subgroups. And this study is a retrospective
study with too small a sample size to draw any meaningful
conclusions. In addition, we could not analyze the relationship between surgical procedures and PPIs for recurrent
gastric cancer. Recently, Wakatsuki reported that HER2
heterogeneity was a poor prognostic factor for HER2positive gastric cancer.２４） However, we have not examined
the HER2 heterogeneity of the patientʼs stomach cancer
tissue.
In conclusion, for differentiated type gastric cancer
treated with trastuzumab, capecitabine-based treatment
may be better than S-1-based treatment. Because of the
possibility of reduced effects of capecitabine, concomitant
PPI use should be avoided.
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