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Abstract

Background The phase III JACOB trial (NCT01774786) compared the efficacy and safety of pertuzumab and trastuzumab 

plus chemotherapy with placebo and trastuzumab plus chemotherapy in patients with previously untreated human epidermal 

growth factor receptor 2 (HER2)-positive metastatic gastric or gastroesophageal junction cancer. We conducted a subgroup 

analysis in Japanese patients.

Methods Patients were randomized 1:1 to pertuzumab 840 mg or placebo, plus trastuzumab (loading dose, 8 mg/kg; main-

tenance dose, 6 mg/kg) and chemotherapy (cisplatin 80 mg/m2, and capecitabine 1000 mg/m2 twice daily for 28 doses or 

5-fluorouracil 800 mg/m2 every 24 h for 120 h), every 3 weeks. Continuation of chemotherapy after 6 cycles was at the 

discretion of the patient and the treating physician.

Results A total of 40 Japanese patients were included in each arm. Median overall survival was 22.0 months (95% confidence 

interval [CI] 13.8–not evaluable) and 15.6 months (95% CI 9.7–19.2) in the pertuzumab and placebo arms, respectively 

(hazard ratio [HR] 0.64 [95% CI 0.37–1.10]). Median progression-free survival was 12.4 months (95% CI 6.1–14.1) in the 

pertuzumab arm and 6.3 months (95% CI 4.3–8.1) in the placebo arm (HR 0.50 [95% CI 0.30–0.82]). Grade ≥ 3 adverse 

events and serious adverse events were more frequent in the pertuzumab arm than the placebo arm.

Conclusions Results from this subgroup analysis of the JACOB trial suggest similar efficacy of pertuzumab in Japanese 

patients and patients in the overall population, encouraging continued investigation of new agents for gastric cancer in 

Japanese patients.

Keywords Pertuzumab · Trastuzumab · Metastatic gastric cancer · Metastatic gastroesophageal junction cancer · Japanese 

subgroup analysis · Phase III

Introduction

The Trastuzumab for Gastric Cancer (ToGA) trial (Clinical-

Trials.gov identifier, NCT01041404) demonstrated improve-

ments in overall survival (OS) when trastuzumab was added 

to chemotherapy, compared with chemotherapy alone, in 

previously untreated patients with human epidermal growth 

factor receptor 2 (HER2)-positive advanced or metastatic 

gastric or gastroesophageal junction cancer [1]. Based on 

these results, trastuzumab-containing regimens are now 

standard of care for first-line treatment of this disease [2–4].

Like trastuzumab, pertuzumab is a humanized monoclo-

nal antibody that targets the HER2 receptor, but that binds 

to a different epitope. Dual HER2 blockade with pertuzumab 

and trastuzumab, plus chemotherapy, has been shown to 

improve survival outcomes in patients with HER2-positive 

early and metastatic breast cancer [5–7].

The phase III JACOB trial (ClinicalTrials.gov iden-

tifier, NCT01774786) was designed to compare the 

efficacy and safety of pertuzumab and trastuzumab 

plus chemotherapy with placebo and trastuzumab plus 

chemotherapy in patients with previously untreated 
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HER2-positive metastatic gastric or gastroesophageal 

junction cancer [8]. The earlier phase IIa JOSHUA trial 

(ClinicalTrials.gov identifier, NCT01461057) had demon-

strated that a pertuzumab dose of 840 mg every 3 weeks 

led to higher serum trough concentrations versus the cur-

rently approved dose for use in HER2-positive metastatic 

breast cancer (840 mg loading dose/420 mg maintenance 

dose), thus allowing patients with HER2-positive gastric 

cancer to achieve pertuzumab serum trough concentra-

tions similar to those observed in patients with HER2-

positive metastatic breast cancer, with a safety profile 

similar to the 840 mg loading dose/420 mg maintenance 

dose regimen [9, 10]. Therefore, the dose of 840 mg of 

pertuzumab every 3 weeks was selected for investigation 

in the JACOB trial.

Results from the JACOB trial showed no statistically 

significant improvements in OS between the pertuzumab 

and placebo arms (median 17.5  months [95% confi-

dence interval (CI) 16.2–19.3] and 14.2 months [95% CI 

12.9–15.5], respectively; hazard ratio [HR] 0.84 [95% CI 

0.71–1.00]; p = 0.057) [8], although the magnitude of the 

treatment effect on OS appeared to be clinically relevant. 

A trend toward clinically relevant improvements in pro-

gression-free survival (PFS) and objective response rate 

(ORR) in the pertuzumab arm versus the placebo arm 

was also observed, and safety was comparable between 

the treatment arms, with no increased cardiac toxicity 

observed from the increased maintenance dose compared 

with the approved breast cancer regimen [8].

In Japan, gastric cancer is the most common malig-

nancy and third leading cause of cancer death, with 

128,881 new cases reported in 2015 and 45,226 related 

deaths in 2017 [11, 12]. Some studies have suggested that 

outcomes for Japanese patients with advanced or meta-

static gastric cancer may differ from those in the global 

population. For example, the ToGA trial demonstrated 

longer OS in patients from Japan compared with the over-

all population [13]. In addition, the phase III AVAGAST 

study (ClinicalTrials.gov identifier, NCT00548548) of 

bevacizumab plus chemotherapy in advanced gastric can-

cer reported longer OS in the control arm (placebo plus 

chemotherapy) and lowered improvement of OS in the 

bevacizumab arm in patients from Asia compared with 

those from Eastern Europe/South America and the USA/

Western Europe [14, 15]. These differences in survival 

outcomes may be due to differences in patient baseline 

characteristics, healthcare, and post-progression treat-

ment across the different regions [14], and highlight the 

importance of subgroup analyses according to regions. 

Here, we report results from a subgroup analysis of the 

JACOB trial to evaluate the efficacy and safety of per-

tuzumab in combination with trastuzumab and chemo-

therapy in Japanese patients.

Patients and methods

Study design and patients

JACOB was a double-blind, placebo-controlled, rand-

omized phase III trial. Details of the study design have 

been published previously [8]. Briefly, eligible patients 

were randomized 1:1 using a stratified permuted block 

randomization scheme with an interactive voice or web 

response system (IxRS) to receive pertuzumab 840 mg 

intravenously or placebo, in combination with intravenous 

trastuzumab (loading dose, 8 mg/kg; maintenance dose, 

6 mg/kg) and chemotherapy (cisplatin 80 mg/m2 intrave-

nously plus capecitabine 1000 mg/m2 taken orally twice a 

day for 28 doses or 5-fluorouracil 800 mg/m2 every 24 h 

intravenously by continuous infusion for 120 h), every 

3 weeks. Chemotherapy was continued for 6 cycles, except 

in the event of progressive disease or unacceptable toxic-

ity, and was continued after 6 cycles at the discretion of 

the patient and the treating physician. The study was per-

formed in accordance with the Declaration of Helsinki and 

the International Conference on Harmonisation E6 Good 

Clinical Practice (ICH-GCP-E6) guidelines, or the laws 

and regulations of the country in which the research was 

performed, whichever provided the greater protection for 

the patients. Approval for the study protocol, any protocol 

amendments, and all material provided to the patients was 

obtained from the relevant institutional review board or 

ethics committee at each site, and all patients provided 

written informed consent.

Objectives

The primary objective of the JACOB trial was to compare 

OS in patients treated with pertuzumab plus trastuzumab 

and chemotherapy with those treated with placebo plus 

trastuzumab and chemotherapy. Key secondary objectives 

included comparison of PFS, ORR, duration of response, 

patient-reported outcomes (PROs), and safety between the 

two arms.

Statistical analysis

OS and PFS were assessed in the intention-to-treat (ITT) 

population (all patients randomly assigned to a treatment 

group, regardless of whether they received a study drug). 

ORR was assessed in patients in the ITT population who 

had measurable disease at baseline, and patient-reported 

outcomes in patients in the ITT population who had 
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assessments at baseline and at least one assessment after 

baseline. Safety was assessed in all randomly assigned 

patients who had received at least one dose of study 

treatment.

The Kaplan–Meier method was used to estimate the 

distributions of OS, PFS, and duration of response, includ-

ing estimates of the medians, with 95% CIs calculated 

using the Brookmeyer and Crowley method. Cox propor-

tional hazards regression models were used to estimate 

the HR for OS and PFS with 95% CIs between treatment 

arms. For ORR and clinical benefit rate, the proportion of 

patients achieving an overall response per the Response 

Evaluation Criteria In Solid Tumors (RECIST) version 

1.1 was summarized and 95% CIs were calculated using 

the Clopper–Pearson method. Adverse events (AEs) were 

graded per the National Cancer Institute – Common Ter-

minology Criteria for Adverse Events (NCI-CTCAE), 

version 4.03. PRO assessments included health-related 

quality of life and time to deterioration (TTD) in gastric 

cancer-related symptoms, which were assessed using the 

European Organisation for Research and Treatment of 

Cancer (EORTC) Quality of Life Questionnaire of cancer 

patients (QLQ-C30 v3.0), gastric cancer module (QLQ-

STO22), and EuroQol five-dimensional questionnaire 

(EQ-5D-3L). TTD assessments included the time from 

baseline to ≥ 10-point increase in abdominal pain, eating 

restriction, appetite loss, and fatigue (TTD1), and the TTD 

from initiation of therapy with pertuzumab/placebo plus 

trastuzumab alone following cessation of chemotherapy 

(TTD2). The distribution of TTD, including an estimate of 

the median, was assessed using the Kaplan–Meier method.

Results

Patients and treatment

In total, 80 patients were randomized across 15 centers in 

Japan between 10 June 2013 and 12 Jan 2016; 40 to each 

arm. Patient dispositions are shown in Fig. 1. All patients 

were included in the ITT population and were also evalu-

ated for safety. Baseline patient demographics and disease 

characteristics are shown in Table 1. Due to the stratified 

randomization of patients, no major imbalance was observed 

between arms. Numerically more patients in the pertuzumab 

arm were male, had non-measurable evaluable disease only, 

had more than two metastatic sites, had gastroesophageal 

junction cancer, and had an Eastern Cooperative Oncology 

Group performance status of 0, compared with the placebo 

arm. In the majority of patients in both arms, the histologic 

subtype was intestinal and the primary site was the stomach. 

Nearly two-thirds of patients in each arm had a HER2 immu-

nohistochemistry status of 3 +.

At the clinical cutoff date (December 9, 2016), the 

median duration of follow-up was 33.2  months (95% 

CI 31.3–35.5) in the pertuzumab arm and 34.0 months 

(95% CI 31.5–36.3) in the placebo arm. Study treatment 

exposure is shown in Table 2. The median number of 

Fig. 1  Trial profile (CONSORT 

diagram)
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pertuzumab/placebo and trastuzumab treatment cycles 

per patient was higher in the pertuzumab arm compared 

with the placebo arm (14 [range: 1–45] vs 8 [range: 1–51] 

cycles). The median relative dose intensity for pertu-

zumab/placebo and trastuzumab was comparable in the 

two treatment arms. For capecitabine, the median number 

of treatment cycles was comparable between treatment 

arms and the median relative dose intensity was slightly 

lower in the pertuzumab arm compared with the placebo 

arm. The median number of cisplatin treatment cycles and 

Table 1  Baseline demographics 

and disease characteristics (ITT 

population, Japanese subgroup)

ECOG Eastern Cooperative Oncology Group, HER2 human epidermal growth factor receptor 2, IHC 

immunohistochemistry, ISH in situ hybridization, ITT intention-to-treat
a Histologic subtypes are based on Lauren classification criteria

Pertuzumab (n = 40) Placebo (n = 40)

Sex, n (%)

 Male 33 (82.5) 28 (70.0)

 Female 7 (17.5) 12 (30.0)

Median age, years (range) 68.5 (36–78) 70.0 (53–82)

Measurability, n (%)

 Measurable disease 34 (85.0) 37 (92.5)

 Non-measurable evaluable disease only 6 (15.0) 3 (7.5)

Number of metastatic sites, n (%)

 1–2 31 (77.5) 35 (87.5)

 > 2 9 (22.5) 5 (12.5)

Histologic subtypes,a n (%)

 Diffuse 1 (2.5) 1 (2.5)

 Intestinal 38 (95.0) 36 (90.0)

 Mixed 1 (2.5) 3 (7.5)

Primary site, n (%)

 Gastroesophageal junction 7 (17.5) 4 (10.0)

 Stomach 33 (82.5) 36 (90.0)

ECOG performance status, n (%)

 0 31 (77.5) 25 (62.5)

 1 9 (22.5) 15 (37.5)

HER2 status, n (%)

 IHC 2 + / ISH + 14 (35.0) 15 (37.5)

 IHC 3 + 26 (65.0) 25 (62.5)

Previous gastrectomy, n (%)

 Yes 6 (15.0) 5 (12.5)

 No 34 (85.0) 35 (87.5)

Table 2  Study treatment exposure (safety population)

SD standard deviation
a Relative dose intensity is defined as the percentage of the actual delivered dose intensity divided by the standard dose intensity

Relative dose  intensitya (%) Number of cycles per patient

Pertuzumab (n = 40) Placebo (n = 40) Pertuzumab (n = 40) Placebo (n = 40)

Median (range) Mean (SD) Median (range) Mean (SD) Median (range) Mean (SD) Median (range) Mean (SD)

Pertuzumab/placebo 87.9 (75–100) 88.0 (7.3) 88.7 (62–100) 88.6 (9.4) 14 (1–45) 16.13 (12.24) 8 (1–51) 9.65 (9.99)

Trastuzumab 85.1 (63–110) 85.4 (10.4) 88.1 (68–104) 87.8 (9.3) 14 (1–45) 16.13 (12.24) 8 (1–51) 9.65 (9.99)

Capecitabine 54.4 (22–99) 57.6 (17.9) 69.4 (38–100) 68.2 (16.5) 7 (1–42) 11.10 (9.71) 6 (1–51) 8.38 (9.84)

5-fluorouracil – – – – – – – –

Cisplatin 73.0 (41–101) 72.5 (18.9) 75.5 (50–101) 76.8 (17.0) 5 (1–10) 4.68 (2.21) 6 (1–6) 4.45 (2.02)
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the median relative dose intensity for cisplatin were both 

comparable between treatment arms. No patients in the 

Japanese subgroup received 5-fluorouracil. The number of 

patients who received at least one post-treatment cancer 

therapy during the study was 28 (70.0%) and 31 (77.5%) in 

the pertuzumab and placebo arms, respectively (Table S1).

Efficacy

A total of 24 (60.0%) patients in the pertuzumab arm and 30 

(75.0%) patients in the placebo arm had died on-study at the 

time of data cutoff. Median OS was 22.0 months (95% CI 

13.8–not evaluable) in the pertuzumab arm and 15.6 months 

(95% CI 9.7–19.2) in the placebo arm (HR 0.64 [95% CI 

Fig. 2  Overall survival in the 

ITT population. CI confidence 

interval, HR hazard ratio

Fig. 3  Subgroup analysis of overall survival. CI confidence interval, ECOG Eastern Cooperative Oncology Group HR, hazard ratio, NE not 

evaluable
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0.37–1.10]) (Fig. 2). Similar results were observed for OS in 

the majority of the subgroup analyses (Fig. 3). Median PFS 

was 12.4 months (95% CI 6.1–14.1) in the pertuzumab arm 

and 6.3 months (95% CI 4.3–8.1) in the placebo arm (Fig. 4). 

A trend toward an improvement in PFS was observed in the 

pertuzumab arm compared with the placebo arm (HR 0.50 

[95% CI 0.30–0.82]). There was also a trend toward higher 

ORR in the pertuzumab arm (61.8% [95% CI 43.56–77.83]) 

than in the placebo arm (40.5% [95% CI 24.75–57.90]). No 

patients achieved a complete response.

Safety

All patients included in the study experienced AEs. Table 3 

shows AEs occurring in ≥ 20% of patients at any grade in 

either arm, by grade. The most common AEs of any grade 

were decreased appetite (n = 35 [87.5%]), diarrhea (n = 34 

[85.0%]), nausea (n = 29 [72.5%]), palmar–plantar erythro-

dysesthesia (n = 29 [72.5%]), neutropenia (n = 27 [67.5%]), 

and fatigue (n = 25 [62.5%]) in the pertuzumab arm, and 

decreased appetite (n = 33 [82.5%]), palmar–plantar eryth-

rodysesthesia (n = 25 [62.5%]), and nausea (n = 24 [60.0%]) 

in the placebo arm. The majority of the most common any-

grade AEs occurred more frequently in the pertuzumab 

arm compared with the placebo arm. Grade ≥ 3 AEs were 

reported in 38 (95.0%) patients in the pertuzumab arm and 

30 (75.0%) patients in the placebo arm. The most common 

grade ≥ 3 AEs were decreased appetite (n = 19 [47.5%]), neu-

tropenia (n = 20 [50.0%]), and diarrhea (n = 9 [22.5%]) in the 

pertuzumab arm, and decreased appetite (n = 11 [27.5%]), 

neutropenia (n = 12 [30.0%]), and hyponatremia (n = 8 

[20.0%]) in the placebo arm. Serious AEs occurred in 27 

(67.5%) patients and 13 (32.5%) patients in the pertuzumab 

and placebo arms, respectively. Two (5.0%) patients in the 

pertuzumab arm and four (10.0%) patients in the placebo 

arm had AEs that led to treatment discontinuation; these 

AEs were decreased ejection fraction and muscle weakness 

(n = 1 each) in the pertuzumab arm and decreased ejection 

fraction, multiple organ dysfunction syndrome, gastrointes-

tinal anastomotic leak, and renal dysfunction (n = 1 each) in 

the placebo arm. The total number of deaths was 24 (60.0%) 

in the pertuzumab arm and 30 (75.0%) in the placebo arm, of 

which one in each arm was AE-related. Fatal AEs were myo-

cardial infarction (n = 1) in the pertuzumab arm and multiple 

organ dysfunction syndrome (n = 1) in the placebo arm. A 

summary of cardiac AEs is provided in Table 4.

PROs

Overall health-related quality of life was similar between 

arms for the greater part of the study, with no clinically 

meaningful differences detected (Fig. 5). The TTD1 and 

TTD2 for abdominal pain, appetite loss, eating restrictions, 

and fatigue are summarized in Table 5. A consistent trend 

of improved TTD was observed for each symptom in the 

pertuzumab arm compared with the placebo arm.

Discussion

In this subgroup analysis of Japanese patients in the phase 

III JACOB trial, efficacy results were in line with those 

observed for the overall population [8]. However, median 

OS in Japanese patients (22.0 months [95% CI 13.8–not 

evaluable] in the pertuzumab arm and 15.6 months [95% 

CI 9.7–19.2] in the placebo arm) was relatively longer com-

pared with the overall population (17.5 months [95% CI 

16.2–19.3] in the pertuzumab arm and 14.2 months [95% 

CI 12.9–15.5] in the placebo arm) [8]. This is consistent 

with results from the ToGA trial and from the placebo arm 

of the AVAGAST trial, which showed improved OS in Japa-

nese patients compared with the overall population, and in 

Fig. 4  Progression-free survival 

in the ITT population. CI confi-

dence interval, HR hazard ratio
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Asian patients compared with patients from other regions, 

respectively [13, 14].

The relatively longer OS observed in Japanese patients 

compared with the overall population in JACOB could be 

explained by the following. First, there was a higher pro-

portion of patients with an Eastern Cooperative Oncology 

Group performance status of 0 (pertuzumab arm: 77.5% in 

the Japanese subgroup vs 42% in the overall population; 

placebo arm: 62.5% in the Japanese subgroup vs 41% in the 

overall population). Second, there was a higher proportion 

of patients who received post-treatment cancer therapy (per-

tuzumab arm: 70.0% in the Japanese subgroup vs 42.5% in 

the overall population; placebo arm: 77.5% in the Japanese 

subgroup vs 42.1% in the overall population) in the Japanese 

subgroup compared with the overall population in JACOB. 

Despite this, our results suggest similar treatment effects of 

pertuzumab in both the Japanese subgroup and the overall 

population, encouraging the continuing development of new 

agents for gastric cancer in Japanese patients.

With regards to safety, the most common any-grade AE 

and grade ≥ 3 AE in Japanese patients was decreased appe-

tite; in the overall JACOB population, the most common 

any-grade AE and grade ≥ 3 AE were diarrhea and neutro-

penia, respectively. The Japanese subgroup experienced a 

higher frequency of grade ≥ 3 AEs (95.0% vs 80%) and seri-

ous AEs (67.5% vs 45%) in the pertuzumab arm compared 

with the overall population [8]. This was true for each of 

the most common grade ≥ 3 AEs in the pertuzumab arm in 

the Japanese subgroup: decreased appetite (47.5% vs 10% 

in the overall population), neutropenia (50.0% vs 31% in 

the overall population), and diarrhea (22.5% vs 14% in the 

overall population) [8]. Similarly increased frequencies of 

any-grade decreased appetite, neutropenia, and diarrhea in 

the Asian population compared with the overall population 

have also been observed in patients with metastatic breast 

cancer who were treated with pertuzumab plus trastuzumab 

and chemotherapy in the phase III, randomized, placebo-

controlled CLEOPATRA trial [16]. No symptomatic left 

ventricular systolic dysfunction was reported in Japanese 

patients, and more patients in the placebo arm experienced 

left ventricular ejection fraction decreases from baseline 

of ≥ 10% and to < 50% (although the number of patients 

was small, and therefore, firm conclusions cannot be drawn).

Limitations of the JACOB trial have been discussed pre-

viously [8]. Additional limitations associated with this sub-

group analysis include the exploratory nature of the analyses 

and the small number of patients included in the Japanese 

subgroup.

In conclusion, the results from this subgroup analysis 

of the JACOB trial suggest similar efficacy of pertuzumab 

in Japanese patients and patients in the overall population, 

Table 4  Cardiac safety

LVEF left ventricular ejection fraction, LVSD left ventricular systolic dysfunction, NYHA New York Heart 

Association

Pertuzumab (n = 40) Placebo (n = 40)

Patients with symptomatic LVSD, n (%)

 NYHA class III or IV 0 0

Median baseline LVEF (range) 66.0 (55–79) 66.5 (60–78)

Worst post-baseline LVEF and change from baseline, n (%) n = 39 n = 36

 Patients with decrease from baseline of ≥ 10% and to < 50% 2 (5.1) 4 (11.1)

Fig. 5  Patient-reported 

outcomes, mean change from 

baseline in Global Health Status 

scale (EORTC QLQ-C30). 

Error bars represent standard 

deviations. Higher scores repre-

sent higher levels of function-

ing. C cycle, P post-treatment 

assessment
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encouraging continued investigation of new agents for the 

treatment of gastric cancer in Japanese patients.
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