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Abstract

Background The Trastuzumab for Gastric Cancer (ToGA)

study is the first international trial to include Japanese patients

with human epidermal growth factor 2 (HER2) positive

advanced/metastatic gastric or gastroesophageal junction

cancer. ToGA showed that trastuzumab plus chemotherapy

(capecitabine/cisplatin or 5-fluorouracil/cisplatin) improved

overall survival in the overall population (hazard ratio 0.74).

Regional differences in outcome in favor of Japanese popu-

lations were observed in other studies; therefore, subgroup

analyses of ToGA may contribute to the evaluation of the

potential benefits of this regimen in Japanese patients.

Methods We performed subgroup analyses on 101 Japa-

nese patients enrolled into ToGA (trastuzumab plus che-

motherapy, n = 51; chemotherapy, n = 50).

Results Median overall survival in the Japanese subgroup

was 15.9 months (95% confidence interval 12–25) for

trastuzumab plus chemotherapy and 17.7 months (95%

confidence interval 12–24) for chemotherapy (hazard ratio

1.00; 95% confidence interval 0.59–1.69). After adjusting
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for prespecified covariates, the estimated hazard ratio for

overall survival was 0.68 (95% confidence interval

0.36–1.27). Further post hoc and exploratory examinations

supported the robustness of the adjusted hazard ratios.

Conclusions After adjusting for imbalanced patient back-

grounds between arms, overall survival of Japanese patients

with human epidermal growth factor 2 positive advanced/

metastatic gastric or gastroesophageal junction cancer who

received trastuzumab plus chemotherapy was improved

compared with patients who received chemotherapy alone.

Keywords Trastuzumab � Drug therapy � Stomach

neoplasms � Randomized controlled trial

Background

Approximately 110,000 people in Japan develop gastric

cancer each year [1], with 65,000 estimated deaths (which is

second only to lung cancer among cancer-related deaths

[1]). For advanced disease, the oral fluoropyrimidine S-1, in

combination with cisplatin, has become the standard treat-

ment for gastric cancer in Japan, based on the results of the

SPIRITS trial [2]. However, the prognosis still remains

poor, and therefore new therapies such as molecular-tar-

geted drugs are needed. Trastuzumab is a recombinant

monoclonal antibody that targets human epidermal growth

factor receptor 2 (HER2). Trastuzumab derives its anti-

cancer effects from inducing antibody-dependent cytotox-

icity, inhibiting HER2-mediated signaling, and preventing

cleavage of the extracellular domain of HER2 [3].

Trastuzumab has been approved for use in HER2-positive

metastatic breast cancer and as a postoperative adjuvant

therapy for HER2-positive breast cancer, and is now the

standard of care worldwide for these indications, including in

Japan. The Trastuzumab for Gastric Cancer (ToGA) study

was the first international randomized controlled phase III

trial to include Japanese patients with HER2-positive

advanced/metastatic gastric or gastroesophageal junction

(GEJ) cancer. The percentage of patients with HER2-positive

gastric cancer, as assessed by immunohistochemistry (IHC;

3? on a scale of 0 to 3?) or fluorescence in situ hybridization

(FISH; HER2:CEP17 ratio C2.0) was 22.1% in the overall

ToGA population. The proportion of patients with HER2-

positive disease was similar for Europe (23.6%), Asia

(23.5%), and Japan (27.6%) [4], and similar to that seen in

patients with breast cancer in other trial populations

(25–30%) [5]. ToGA showed that patients who received

combination treatment with trastuzumab and chemotherapy

[capecitabine plus cisplatin (XP) or fluorouracil plus cisplatin

(FP)] had significantly improved survival compared with

those who received chemotherapy alone: the median overall

survival (OS) in the intent-to-treat (ITT) population was

13.8 months in the trastuzumab plus chemotherapy arm

and 11.1 months in the chemotherapy-only arm [hazard

ratio (HR) 0.74, 95% confidence interval (CI) 0.60–0.91;

P = 0.0046] [6].

There were substantial differences in OS reported from

recent phase III trials of chemotherapy for gastric cancer,

and these are especially evident between Japan and other

countries. Recent trials in Japan have demonstrated that

combination therapy resulted in longer survival than was

seen in studies outside of Japan, with a median survival

exceeding 1 year [7, 8], as compared with around

10 months in Western trials [9, 10]. There are considered

to be two reasons for the longer survival observed in Jap-

anese trials. Firstly, up to 70% of Japanese patients receive

subsequent chemotherapy following failure of first-line

therapy [11–13]. Secondary, there may be differences in

the eligibility criteria and baseline patient characteristics

between the Japanese and non-Japanese trials; the studies

in Japan included patients with and without measurable

metastatic disease, whereas non-Japanese trials usually

included patients with measurable metastatic disease only

[11]. Since the primary endpoint of the ToGA study was

OS, there is a possibility that the impact of trastuzumab on

survival might be reduced in Japanese patients due to

inherently longer survival in this population. To evaluate

the efficacy of trastuzumab in combination with chemo-

therapy specifically in the Japanese population of ToGA,

we conducted preplanned and post hoc subgroup analyses.

Patients and methods

The details of the ToGA trial design and methods have

been reported elsewhere [6].

Japanese patient subgroup

To evaluate the efficacy and safety of the combination

treatment (trastuzumab plus XP) in the Japanese population
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of the ToGA study, we performed subgroup analyses using data

from patients who were enrolled from institutions in Japan.

Preplanned sample size for Japanese patients

In the ToGA study, the HR for OS was expected to be 0.77, the

expected number of events was 460, and the target sample size

was set at 584 patients [6]. Before starting the ToGA study, we

set the sample size of Japanese patients to allow us to evaluate

similarities between the overall ToGA results and our sub-

group analysis in an exploratory manner. Assuming a 70%

probability that the HR for OS in the Japanese subgroup would

be less than 0.88 (the midpoint between 0.77 and 1.00), the

expected number of events was 70. To reach this expected

number of events within the study period, the minimum

sample size was determined to be 89 patients to allow us to

conduct four analyses: preplanned (unadjusted and adjusted),

post hoc, and exploratory analyses of the HR.

Unadjusted analyses

We calculated the unadjusted OS and progression-free sur-

vival (PFS) of the Japanese sub-group using the same methods

as those used for the overall ToGA study [6]. Objective

response rate of the Japanese sub-group was analysed with av2

test in patients with measurable disease (n = 45 in the trast-

uzumab plus XP arm and 41 in the XP arm).

Preplanned analyses

Prior to carrying out the Japanese subgroup analysis, we pre-

dicted an imbalance in the baseline patient characteristics.

Therefore, we planned to calculate an adjusted HR and 95% CI

in the Japanese subgroup using a multivariate Cox regression

analysis with 15 factors: extent of disease, primary tumor site,

measurability of disease, Eastern Cooperative Oncology Group

Performance Status (ECOG PS), chemotherapy regimen

(stratification factors), sex, age, number of lesions, number of

metastatic sites, type of gastric cancer, visceral metastasis, prior

gastrectomy, prior chemotherapy, HER2 status, and region of

origin (other prespecified covariates). All factors were pre-

specified in the ToGA study protocol. Each covariate was also

evaluated using a univariate Cox regression analysis.

Post hoc analyses

During the preplanned multivariate Cox regression analy-

sis, we excluded patients for whom HER2 status was

reported as IHC 3?/FISH unknown (no result). In addition,

estimates of effects were extremely unstable for covariates

that contained a category which included only one patient.

Therefore, to target all of the enrolled patients and ensure

the stability of the model, a post hoc analysis was conducted

using a multivariate Cox analysis. Among covariates, HER2

status was divided into two categories: high expression (IHC

2? and FISH-positive or IHC 3?) and low expression (IHC0

and FISH-positive or IHC 1? and FISH-positive). Covariates

that contained a category with only one patient (extent of

disease and previous chemotherapy) were excluded from the

model to ensure its stability.

Exploratory analyses to evaluate deviation of patient

prognosis

To identify factors that affect prognosis specifically in the

Japanese subgroup, and to confirm the robustness of our

preplanned and post hoc analyses, an exploratory multi-

variate Cox regression analysis on the HR for OS with

various combinations of covariates was carried out. We

created a series of models that included the treatment group

as a base covariate with 3–6 other covariates, and selected

the top four models ranked by value following a chi-square

test. The procedure was repeated for the models with three,

four, five, and six covariates, and a total of 16 models were

selected. From the well-fitting model that was obtained, we

compared the HR for OS with the results of preplanned and

post hoc analyses. To ensure that HER2 status was not a

confounding variable, we carried out a multivariate Cox

regression analysis with HER2 expression (high or low) as

the stratification factor, and determined the HR for OS in

which selected covariates were included in the model.

Furthermore, scoring of the prognosis of each patient in

both study arms using the Cox regression model and esti-

mation of the risk for each patient were carried out with the

selected covariates. The risk was shown by the estimated

value of logarithm HR for each patient. To eliminate the

influence of treatment on the mortality risk, we set the

treatment group as the stratification factor and produced a

histogram plot according to the distribution of patient risk

to evaluate potential bias between the treatment arms.

Safety

Adverse events and serious adverse events were assessed

according to the National Cancer Institute Common Termi-

nology Criteria for Adverse Events (NCI-CTCAE) version 3.0

and the International Conference on Harmonization guide-

lines, respectively.

Results

Patients

Between September 2005 and December 2008, 594

patients were enrolled in the primary ToGA study at 122
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centers in 24 countries, of whom 584 were included in the

primary analysis. Four hundred twenty-one tumor samples

were provided for HER2 testing from 16 centers in Japan.

Twelve samples were not evaluated due to a lack of tumor

tissue in the sample (n = 7), shipment failure (n = 4), or

disease progression before shipment (n = 1). Of the 409

samples successfully screened, 115 (28.1%) were scored as

HER2-positive (IHC 3? or FISH-positive; Table 1) and

102 patients were registered into the study. After excluding

one patient who did not receive the study drug, 101 Japa-

nese patients (trastuzumab plus chemotherapy, n = 51;

chemotherapy alone, n = 50) were included in this sub-

group analysis. All patients received capecitabine as the

chemotherapy partner of cisplatin.

Table 2 shows the baseline characteristics of the Japa-

nese patients included in this subgroup analysis (n = 101)

and the non-Japanese patients (n = 483). There is simi-

larity in the baseline characteristics of patients from other

countries between the study arms. On the other hand,

number of metastatic sites, histologic type, and prior gas-

trectomy were imbalanced by approximately 10% between

the study arms in the Japanese subgroup, and were con-

sidered to be prognostic factors. Median follow-up times

were 18.6 months [interquartile range (IQR) 11–25] in the

trastuzumab plus XP arm and 17.1 months (IQR 1–49) in

the XP arm. The median number of cycles of trastuzumab

therapy was eight (range 1–24). Forty-one patients in the

trastuzumab plus XP arm (80.4%) and 41 patients in the XP

arm (82.0%) received second-line treatment (at least one

chemotherapy treatment after disease progression despite

the study treatments).

Efficacy

Unadjusted analyses

Twenty-eight patients (54.9%) in the trastuzumab plus XP

arm and 27 patients (54.0%) in the XP arm had died by the

data cutoff point. As shown in Table 3, unadjusted median

OS was 15.9 months (95% CI 12–25 months) in the

trastuzumab plus XP arm and 17.7 months (95% CI

12–24 months) in the XP arm (HR 1.00, 95% CI

0.59–1.69). The number of PFS events (defined as disease

progression or death) was 43 (84.3%) in the trastuzumab

plus XP arm and 40 (80.0%) in the XP arm. Unadjusted

median PFS was 6.2 months (95% CI 5–7 months) in the

trastuzumab plus XP arm and 5.6 months (95% CI

5–7 months) in the XP arm (HR 0.92, 95% CI 0.60–1.43).

The objective response rate was 64.4% (95% CI

48.8–78.1%) in the trastuzumab plus XP arm and 58.5%

(95% CI 42.1–73.7%) in the XP arm.

Preplanned analyses

In the multivariate analysis, the HR for OS, adjusted by the

15 prespecified covariates above, was 0.68 (95% CI

0.36–1.27, P = 0.2251, Table 4). The adjusted HR for PFS

was 0.66 (95% CI 0.40–1.09%), which was slightly

improved compared with the results for the overall popu-

lation. Among the covariates in the preplanned analysis,

the univariate analysis showed that prior gastrectomy was

the covariate most strongly associated with longer OS (HR

0.39, 95% CI 0.16–0.91). There were more patients with

prior gastrectomy in the XP arm (26%) than in the trast-

uzumab arm (16%). After adjusting for gastrectomy only,

the HR for OS between the treatment arms was 0.85 (95%

CI 0.49–1.45).

Post hoc analyses

For the post hoc exploratory multivariate Cox regression

analysis, the adjusted HRs for OS and PFS were 0.82 (95%

CI 0.45–1.50) and 0.81 (95% CI 0.50–1.30), respectively

(Fig. 1).

Exploratory analyses to evaluate deviation of patient

prognosis

We evaluated the HR for OS with different combinations

of covariates in the model. In the well-fitting models with

high chi-square values, the HRs using three, four, five, and

six covariates ranged between 0.79 (95% CI 0.49–1.38)

and 0.89 (95% CI 0.52–1.54), 0.77 (95% CI 0.44–1.33) and

0.88 (95% CI 0.51–1.53), 0.68 (95% CI 0.39–1.20) and

0.80 (95% CI 0.45–1.42), and 0.68 (95% CI 0.38–1.20)

and 0.76 (95% CI 0.44–1.33), respectively. In choosing the

well-fitting models, the covariates sex, HER2 status, type

of gastric cancer, prior gastrectomy, prior chemotherapy,

and number of lesions tended to be chosen. The sets of

covariates were similar to those used as prespecified

covariates (15 factors). A similar analysis was carried out

Table 1 HER2 testing results in the Japanese population of ToGA

FISH result IHC score

IHC 0 IHC 1? IHC 2? IHC 3? Total

FISH-positive, n 14 19 36 37 106

FISH-negative, n 155 57 14 1 227

NE, n 48 12 8 8 83

Total, n 217 88 58 46 409

FISH fluorescence in situ hybridization, HER2 human epidermal

growth factor receptor 2, IHC immunohistochemistry, NE not

evaluable
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Table 2 Baseline patient characteristics of the Japanese population and the non-Japanese population of ToGA

Characteristic Japanese Non-Japanese

Trastuzumab plus XP (n = 51) XP/FP (n = 50) Trastuzumab plus XP (n = 243) XP/FP (n = 240)

Sex

Male, n 40 (78.4%) 40 (80.0%) 186 (76.5%) 178 (74.2%)

Median age, years (range) 63.0 (29–76) 63.5 (45–81) 60.0 (23–83) 59.0 (21–82)

Extent of disease

Locally advanced, n 0 (0.0%) 1 (2.0%) 10 (4.1%) 9 (3.8%)

Metastatic, n 51 (100.0%) 49 (98.0%) 233 (95.9%) 231 (96.3%)

Primary tumor site

Stomach, n 49 (96.1%) 44 (88.0%) 187 (77.0%) 198 (82.5%)

Gastroesophageal junction, n 2 (3.9%) 6 (12.0%) 56 (23.0%) 42 (17.5%)

Measurability of disease

Measurable, n 45 (88.2%) 41 (82.0%) 224 (92.2%) 216 (90.0%)

Nonmeasurable, n 6 (11.8%) 9 (18.0%) 19 (7.8%) 24 (10%)

ECOG performance status

0–1, n 51 (100.0%) 50 (100.0%) 213 (87.7%) 213 (88.7%)

2, n 0 (0.0%) 0 (0.0%) 30 (12.3%) 27 (11.3%)

Chemotherapy regimen

XP, n 51 (100%) 50 (100%) 205 (84.4%) 205 (85.4%)

FP, n 0 (0.0%) 0 (0.0%) 38 (15.6%) 35 (14.6%)

Number of lesions (n = 242)

1–4, n 16 (31.4%) 18 (36.0%) 112 (46.3%) 98 (40.8%)

[4, n 35 (68.6%) 32 (64.0%) 130 (53.7%) 142 (59.2%)

Median value (range) 6 (1–15) 6 (1–15) 5 (1–20) 5 (1–16)

Number of metastatic sites (n = 242)

1–2, n 28 (54.9%) 32 (64.0%) 124 (51.2%) 114 (47.5%)

[2, n 23 (45.1%) 18 (36.0%) 118 (48.8%) 126 (52.5%)

Median value (range) 2 (1–5) 2 (1–5) 2 (1–7) 3 (1–8)

Type of gastric cancer (central review)a (n = 242) (n = 237)

Intestinal type, n 37 (72.5%) 42 (84.0%) 188 (77.7%) 171 (72.2%)

Diffuse type, n 5 (9.8%) 4 (8.0%) 21 (8.7%) 21 (8.9%)

Mixed type, n 9 (17.6%) 4 (8.0%) 33 (13.6%) 45 (19.0%)

Visceral metastasis (liver or lung)

Yes, n 35 (68.6%) 33 (66.0%) 134 (55.1%) 139 (57.9%)

No, n 16 (31.4%) 17 (34.0%) 109 (44.9%) 101 (42.1%)

History of treatment for gastric cancer

Prior gastrectomy, n 8 (15.7%) 13 (26.0%) 62 (25.5%) 49 (20.4%)

Prior chemotherapy, n 1 (2.0%) 0 (0.0%) 26 (10.7%) 12 (5.0%)

HER2 status

IHC 0/FISH-positive, n 3 (5.9%) 9 (18.0%) 20 (8.2%) 29 (12.2%)

IHC 1?/FISH-positive, n 10 (19.6%) 7 (14.0%) 28 (11.5%) 25 (10.4%)

IHC 2?/FISH-positive, n 18 (35.3%) 13 (26.0%) 62 (25.5%) 66 (27.5%)

IHC 3?/FISH-positive, n 16 (31.4%) 17 (34.0%) 115 (47.3%) 108 (45.0%)

IHC 3?/FISH-negative, n 1 (2.0%) 0 (0.0%) 8 (3.3%) 6 (2.5%)

IHC unknown/FISH-positive, n 0 (0.0%) 0 (0.0%) 5 (2.1%) 2 (0.8%)

IHC 3?/FISH unknown, n 3 (5.9%) 4 (8.0%) 5 (2.1%) 4 (1.7%)

Region of origin

Japanese, n 51 (100%) 50 (100%) 0 (0.0%) 0 (0.0%)

Non-Japanese, n 0 (0.0%) 0 (0.0%) 243 (100%) 240 (100%)

ECOG Eastern Cooperative Oncology Group, FISH fluorescence in situ hybridization, HER2 human epidermal growth factor receptor 2, IHC immu-
nohistochemistry, XP capecitabine plus cisplatin
a Type of gastric cancer was described by the Lauren Classification
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using HER2 expression (high or low) as the stratification

factor. The HR was approximately 0.7, and the HRs using

three, four, five, and six covariates were between 0.67

(95% CI 0.38–1.18) and 0.79 (95% CI 0.46–1.39), 0.70

(95% CI 0.40–1.24) and 0.82 (95% CI 0.47–1.42), 0.68

(95% CI 0.39–1.22) and 0.76 (95% CI 0.43–1.34), and

0.67 (95% CI 0.37–1.22) and 0.78 (95% CI 0.44–1.36),

respectively. Influential covariates chosen in the well-fit-

ting models included sex, prior gastrectomy, and number of

lesions. Table 5 shows the covariate combinations that

resulted in a good fit based on these analyses. Figure 2

shows the distribution of patient risk with these three

models. The risk distribution is broad in each arm; how-

ever, the XP arm shows a somewhat greater distribution

toward the left, indicating that this arm included a greater

number of patients with better prognosis.

Safety

Table 6 shows the adverse events in the Japanese popula-

tion of ToGA, and indicates that all patients experienced at

least one adverse event in each arm. Grade 3/4 adverse

events occurred in 43 patients (84%) in the trastuzumab

Table 3 Overall survival in the Japanese population of ToGA

(unadjusted Cox regression analysis)

Trastuzumab plus

XP (n = 51)

XP

(n = 50)

Number of events (%) 28 (54.9) 27 (54)

Median OS, months (95% CI) 15.9 (12–25) 17.7 (12–24)

Survival rate (%)

6 months 92 92

12 months 68 64

18 months 48 49

24 months 41 35

Hazard ratio (95% CI) 1.00 (0.59–1.69)

CI confidence interval, OS overall survival, XP capecitabine plus

cisplatin

Table 4 Preplanned multivariate Cox regression analysis of overall

survival by extent of disease, primary tumor site, measurability of

disease, ECOG status, chemotherapy regimen, and other prespecified

covariates: sex, age, number of lesions, number of metastatic sites,

type of gastric cancer, visceral metastasis, prior gastrectomy, prior

chemotherapy, HER2 status, and region of origin

Hazard ratio (95% CI) P value

Trastuzumab plus XP versus XP 0.68 (0.36–1.27) 0.2251

Sex (male vs. female) 0.16 (0.07–0.41) \0.0001

Age (\60 vs. C60) 1.07 (0.54–2.13) 0.8382

Extent of disease (locally advanced vs. metastatic) 0.00 (0.00–.) 0.9902

Primary tumor site (stomach vs. gastroesophageal junction) 0.68 (0.25–1.87) 0.4559

Measurability of disease (measurable vs. nonmeasurable) 0.95 (0.29–3.05) 0.9268

ECOG performance status – – –

Chemotherapy regimen – – –

Number of lesions (1–4 vs. [4) 0.49 (0.22–1.09) 0.0818

Number of metastatic sites (1–2 vs. [2) 0.79 (0.41–1.50) 0.4695

Type of gastric cancer

Diffuse type versus intestinal type 3.24 (1.08–9.70) 0.0356

Mixed type versus intestinal type 0.91 (0.30–2.71) 0.8644

Visceral metastasis (yes vs. no) 1.15 (0.48–2.74) 0.7510

Prior gastrectomy (yes vs. no) 0.22 (0.06–0.75) 0.0159

Prior chemotherapy (yes vs. no) 27.72 (1.11–694.38) 0.0432

HER2 status

IHC 0/FISH-positive versus IHC 3?/FISH-positive 5.31 (1.29–21.86) 0.0208

IHC 1?/FISH-positive versus IHC 3?/FISH-positive 4.87 (1.73–13.70) 0.0027

IHC 2?/FISH-positive versus IHC 3?/FISH-positive 1.53 (0.73–3.18) 0.2578

IHC 3?/FISH-negative versus IHC 3?/FISH-positive 25.66 (1.72–382.49) 0.0186

Region of origin – – –

Among 15 prespecified factors, chemotherapy regimen, performance status, and region of origin were not calculated in this table because all

Japanese patients received capecitabine as the chemotherapy partner of cisplatin, had Karnofsky performance status of 0–1, and were from Asia

(Japan)

CI confidence interval, ECOG Eastern Cooperative Oncology Group, FISH fluorescence in situ hybridization, HER2 human epidermal growth

factor receptor 2, IHC immunohistochemistry, XP capecitabine plus cisplatin
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plus XP arm and 36 patients (72%) in the XP arm. Treat-

ment was discontinued due to adverse events for one

patient (2%) in the trastuzumab plus XP arm and four

patients (8%) in the XP arm. Deaths due to adverse events

occurred in two patients in the trastuzumab plus XP arm:

one due to cardiac failure and unstable angina and the other

due to gastrointestinal perforation. The case of cardiac

failure and unstable angina was attributed to an adverse

event likely related to trastuzumab.

Discussion

In the original ToGA study, patients with HER2-positive

advanced gastric or GEJ cancer who received the combi-

nation treatment of trastuzumab plus XP/FP had signifi-

cantly longer OS and PFS than patients who received XP/

FP alone [6]. No differences in OS or PFS were detected

between the two treatment arms in this subgroup analysis

of Japanese patients when unadjusted data were analyzed.

However, in preplanned and post hoc analyses, the HRs

were 0.68 and 0.82 for OS and 0.66 and 0.82 for PFS,

respectively, after adjusting for baseline characteristics.

These values were similar to the overall ToGA study

results. Taken together, these results strongly suggest that

OS

Favors trastuzumab
plus XP Favors XP 11 Favors XP

HR (95% Cl)
0.74 (0.60–0.91)

0.68 (0.36–1.27)

1.00 (0.59–1.69)

ToGA study
(unadjusted Cox

regression analysis)

Japanese patients
(unadjusted Cox

regression analysis)

Japanese patients
(pre-planned adjusted

Cox regression analysis)

Japanese patients
(post hoc adjusted

Cox regression analysis)

0.82 (0.45–1.50)

0.92 (0.60–1.43)

0.66 (0.40–1.09)

0.81 (0.50–1.30)

0.71 (0.59–0.85)
HR (95% Cl)

Favors trastuzumab
plus XP

PFSFig. 1 Unadjusted and adjusted

hazard ratios for overall and

progression-free survival. CI
confidence interval, HR hazard

ratio, OS overall survival, PFS
progression-free survival, XP
capecitabine plus cisplatin

Table 5 Covariates included in the model

Number of

covariates

Covariates included in the model

4 HER2 expression (low/high), sex (male/female), prior gastrectomy (yes/no), number of lesions (1–4/[4)

5 HER2 expression (low/high), sex (male/female), prior gastrectomy (yes/no), number of lesions (1–4/[4), type of gastric

cancer (diffuse/intestinal)

6 HER2 expression (low/high), sex (male/female), prior gastrectomy (yes/no), number of lesions (1–4/[4), type of gastric

cancer (diffuse/intestinal), number of metastatic sites (1–2/[2)

HER2 human epidermal growth factor receptor 2
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Fig. 2 Distribution of estimated values by linear predictor. XP
capecitabine plus cisplatin. The ordinate is the number of patients and

the abscissa is the risk score (estimated hazard number for each

patient). The risk of mortality increases as the plot moves to the right
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Table 6 Adverse events in C10% of Japanese patients in ToGA

Trastuzumab plus XP (n = 51) XP (n = 50)

All grade n (%) Grade C3 n (%) All grade n (%) Grade C3 n (%)

Total 51 (100) 43 (84) 50 (100) 36 (72)

Gastrointestinal disorders

Nausea 44 (86) 7 (14) 44 (88) 7 (14)

Vomiting 33 (65) 1 (2) 28 (56) 2 (4)

Constipation 24 (47) 1 (2) 24 (48) –

Diarrhoea 23 (45) 4 (8) 24 (48) 2 (4)

Stomatitis 29 (57) – 16 (32) 1 (2)

Blood and lymphatic system disorders

Neutropenia 30 (59) 18 (35) 34 (68) 20 (40)

Thrombocytopenia 11 (22) 1 (2) 8 (16) 3 (6)

Anemia 15 (29) 13 (25) 11 (22) 8 (16)

Febrile neutropenia 5 (10) 5 (10) 3 (6) 3 (6)

Skin and subcutaneous tissue disorders

Palmar–plantar erythrodysaesthesia syndrome 21 (41) – 23 (46) 1 (2)

Alopecia 12 (24) – 9 (18) –

Skin hyperpigmentation 6 (12) – 5 (10) –

Rash 10 (20) – 5 (10) –

Pigmentation disorder 10 (20) – 7 (14) –

Nail disorder 5 (10) – 5 (10) –

Metabolism and nutrition disorders

Anorexia 43 (84) 12 (24) 46 (92) 10 (20)

Dehydration 3 (6) 1 (2) 6 (12) 1 (2)

General disorders and administration site conditions

Fatigue 31 (61) 4 (8) 26 (52) 4 (8)

Pyrexia 19 (37) 1 (2) 12 (24) –

Chill 7 (14) – 0 (0) –

Edema 19 (37) – 23 (46) –

Nervous system disorders

Peripheral neuropathy 16 (31) 1 (2) 10 (20) –

Dysgeusia 13 (25) – 8 (16) –

Peripheral sensory neuropathy 2 (4) – 11 (22) –

Dizziness 5 (10) 1 (2) 5 (10) –

Respiratory, thoracic, and mediastinal disorders

Hiccups 21 (41) – 16 (32) –

Epistaxis 5 (10) – 3 (6) –

Renal and urinary disorders

Renal impairment 32 (63) 2 (4) 27 (54) –

Vascular disorders

Hypertension 4 (8) 1 (2) 3 (6) –

Investigations

Weight decreased 27 (53) 2 (4) 13 (26) 1 (2)

Weight increased 10 (20) 1 (2) 9 (18) –

Psychiatric disorders

Insomnia 11 (22) – 8 (16) –

Infections and infestations

Nasopharyngitis 18 (35) – 6 (12) –

Musculoskeletal and connective tissue disorders

Back pain 5 (10) – 1 (2) –

XP capecitabine plus cisplatin
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the same benefit of adding trastuzumab to chemotherapy

was obtained in the Japanese patient subgroup as in the

overall population.

In our subgroup analysis, the change in HR pre- and

post-adjustment may have been due to an uneven distri-

bution of prognostic factors between the two treatment

arms. The XP arm included more patients with factors

generally considered to be associated with a good prog-

nosis (history of gastrectomy [14, 15], intestinal type

cancer [16–19], and metastasis in fewer than two organs

[19]). In the overall ToGA study and in the Japanese

subgroup, gastric resection was shown to be the most

influential factor affecting prognosis, as assessed by uni-

variate Cox regression analyses (HRs of gastrectomy were

0.54 and 0.39, respectively). In the Japanese subgroup, the

number of patients who had undergone gastric resection in

the XP arm (n = 13, 26.0%) was approximately 10%

higher than that of the trastuzumab plus XP arm (n = 8,

15.7%).

When multiple factors influence prognosis, different

combinations of factors could affect the HR between two

treatment groups. Therefore, to confirm that the HR is

robust, it is necessary to analyze different combinations of

factors. In this regard, we found that the HRs for OS were

approximately 0.7 for all combinations of factors, thus

supporting the robustness of our results.

Median OS in the XP/FP alone arm was 11.1 months

(95% CI 10–13) in the overall ToGA population [6], but

was approximately 6.5 months longer in the Japanese

subgroup (XP arm: 17.7 months). These findings are con-

sistent with results of recent trials reporting longer survival

for patients with gastric cancer in Japan than for patients in

Europe and the USA. One possible reason for this differ-

ence is that more Japanese patients receive second-line or

later treatment after the failure of first-line treatment

[11–13]. In the ToGA study, more than 80% of Japanese

patients in both treatment arms underwent second-line or

further treatment, which was considerably higher than the

overall rates of second-line treatment in the overall ToGA

population (42% of patients in the trastuzumab plus XP/FP

arm and 45% in the XP/FP arm) [6]. In the present study of

Japanese patients, the OS of patients who received XP only

was similar to that reported in other recent Japanese trials

[2, 7, 8]. Furthermore, after adjusting for imbalances

between the baseline characteristics of treatment arms, we

detected an additive effect of trastuzumab among Japanese

patients, similar to that of the overall population. By further

exploratory analyses, we confirmed that the HRs in favor of

trastuzumab were consistently observed after adjusting for

prognostic factors. These findings strongly suggest that the

benefits of trastuzumab were of the same magnitude in

Japanese patients as in the whole study population,

although the absolute length of survival was longer in the

Japanese subgroup. In conclusion, trastuzumab in combi-

nation with XP can be considered a new standard therapy

for Japanese patients with HER2-positive advanced gastric

or GEJ cancer.
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