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Pertuzumab plus trastuzumab and chemotherapy for
HER2-positive metastatic gastric or gastro-oesophageal
junction cancer (JACOB): final analysis of a double-blind,
randomised, placebo-controlled phase 3 study

Josep Tabernero, Paulo M Hoff, Lin Shen, Atsushi Ohtsu, Manish A Shah, Karen Cheng, Chunyan Song, Haiyan Wu, Jennifer Eng-Wong,
Katherine Kim, Yoon-Koo Kang

Summary

Background Adding pertuzumab to trastuzumab and chemotherapy improves survival in HER2-positive early breast
cancer and metastatic breast cancer. We assessed the efficacy and safety of pertuzumab versus placebo in combination
with trastuzumab and chemotherapy in first-line HER2-positive metastatic gastric or gastro-oesophageal junction cancer.

Methods JACOB was a double-blind, placebo-controlled, randomised, multicentre, phase 3 trial in patients aged
18 years or older with HER2-positive metastatic gastric or gastro-oesophageal junction cancer. Eligible patients had
measurable or evaluable non-measurable disease at baseline, Eastern Cooperative Oncology Group performance
status of 0 or 1, and baseline left ventricular ejection fraction of 55% or more. Patients at 197 oncology clinics
(in 30 countries) were randomly assigned (1:1) to receive either pertuzumab (840 mg intravenously) or placebo every
3 weeks, with trastuzumab (8 mg/kg loading dose, then 6 mg/kg every 3 weeks intravenously), plus chemotherapy
(cisplatin 80 mg/m?2 every 3 weeks intravenously, oral capecitabine 1000 mg/m? twice a day [2000 mg/m? every 24 h]
for 28 doses every 3 weeks, or 5-fluorouracil 800 mg/m? every 24 h intravenously [120 h continuous infusion] every
3 weeks). Randomisation was by a central permuted block randomisation scheme (block size of 4) with an interactive
voice or web response system, stratified by geographical region, previous gastrectomy, and HER2 positivity. The
primary endpoint was overall survival in the intention-to-treat population. This trial is registered with Clinicaltrials.
gov, number NCT01774786 (ongoing, but closed to enrolment).

Findings Between June 10, 2013, and Jan 12, 2016, of 3287 patients assessed, 780 eligible patients were randomly
assigned to receive either pertuzumab plus trastuzumab and chemotherapy (pertuzumab group, n=388) or placebo
plus trastuzumab and chemotherapy (control group, n=392). Median duration of follow-up was 24 -4 months (95% CI
22-3-26-1) in the pertuzumab group and 25-0 months (22-3-28-9) in the control group. After 242 deaths in the
pertuzumab group and 262 deaths in the control group (the study was not stopped at this point), overall survival was
not significantly different between treatment groups (median overall survival 17-5 months [95% CI 16-2-19- 3] in the
pertuzumab group and 14-2 months [12-9-15-5] in the control group; hazard ratio 0-84 [95% CI 0-71-1-00];
p=0-057). Serious adverse events occurred in 175 (45%) of 385 patients in the pertuzumab group and 152 (39%) of
388 patients in the control group. Diarrhoea was the most common serious adverse event in both groups (17 [4%)]
patients in the pertuzumab group vs 20 [5%)] patients in the control group). The most common grade 3-5 adverse
events were neutropenia (116 [30%)] patients in the pertuzumab group vs 108 [28%)] patients in the control group),
anaemia (56 [15%)] vs 65 [17%] ), and diarrhoea (51 [13%)] vs 25 [6%]). Treatment-related deaths occurred in seven (2%)
patients in the control group; no treatment-related deaths occurred in the pertuzumab group.

Interpretation Adding pertuzumab to trastuzumab and chemotherapy did not significantly improve overall survival in
patients with HER2-positive metastatic gastric or gastro-oesophageal junction cancer compared with placebo. Further
studies are needed to identify improved first-line treatment options in these types of cancer and to identify patients
with HER2-driven tumours who might benefit from dual HER2-targeted therapy.

Funding F. Hoffmann-La Roche Ltd.
Copyright © 2018 Elsevier Lid. All rights reserved.

Introduction

Globally, stomach (gastric) cancer is the fifth most
common cancer (after lung, breast, colorectal, and prostate
cancer) and the third most common cause of cancer-
related death.! Worldwide, an estimated 925000 new cases

of stomach cancer were diagnosed in 2012, accounting for
approximately 8-8% of global cancer deaths that year.'
Targeted treatments that have substantial efficacy and
acceptable toxicity have long been needed in gastric
cancer. HER2 overexpression or amplification has been
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Research in context

Evidence before this study

During the development and finalisation of the JACOB study
protocol, we reviewed the scientific literature to assess current
treatment and unmet needs of patients with advanced gastric
cancer. We searched PubMed and congress abstracts published
by the American Society of Clinical Oncology Annual Meeting,
the Gastrointestinal Cancers Symposium, and the European
Society for Medical Oncology for potentially relevant
publications using the terms “gastric cancer”, “HER2", "HER2
overexpression”, “trastuzumab”, “pertuzumab”, and
“HER2-positive breast cancer” excluding non-English
publications. Relevant articles published up to Aug 30, 2012,
were selected for further review. The literature searches
confirmed that although trastuzumab plus a combined
fluoropyrimidine or platinum-based drug chemotherapy
regimen is the global standard of care in patients with
HER2-positive metastatic gastric cancer, there remains an unmet
clinical need for effective therapies in this disease. Evidence from
reports of non-clinical studies in gastric cancer models and
clinical studies in metastatic breast cancer suggested that
pertuzumab might augment the antitumour effects of
trastuzumab against HER2-positive tumours, with or without
chemotherapy. Available clinical trial data also suggested that the
addition of pertuzumab to trastuzumab and chemotherapy led
to improved efficacy, with an acceptable safety profile.

Added value of this study

We report the primary analysis of a double-blind, randomised,
phase 3 trial investigating the efficacy and safety of the addition
of pertuzumab to trastuzumab and chemotherapy as a first-line

identified as a potential prognostic factor and is con-
sidered a valid therapeutic target.** In the Trastuzumab
for Gastric Cancer (ToGA) trial,’ the addition of the
HER2-targeted monoclonal antibody trastuzumab to
cisplatin or fluoropyrimidine doublet chemotherapy
(capecitabine plus cisplatin or fluorouracil plus cisplatin)
significantly improved overall survival in patients with
previously untreated HER2-positive locally advanced or
metastatic gastric cancer or gastro-oesophageal junction
cancer compared with chemotherapy alone. A post-hoc
analysis of the ToGA trial noted that trastuzumab
showed increased efficacy in patients with higher levels
of HER2 overexpression—ie, those with tumours that
were immunohistochemistry (IHC) 3+ regardless of
fluorescence in-situ hybridisation (FISH) status, or were
IHC 2+ and FISH positive—compared with patients
with lower levels of HER2 expression (IHC 1+ and FISH
positive or IHC 0+ and FISH positive). Trastuzumab plus
chemotherapy with capecitabine or fluorouracil plus a
platinum-based drug, such as cisplatin, is now the first-
line standard of care treatment in patients with HER2-
positive metastatic gastric cancer.*’

Pertuzumab, a humanised monoclonal HER2-targeted
antibody that binds to a different epitope on the HER2
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treatment for patients with advanced HER2-positive metastatic
gastric or gastro-oesophageal junction cancer. Our trial, JACOB,
did not meet its primary endpoint of showing a significant
improvement in overall survival in patients who received
pertuzumab compared with those who did not. Notably, the
addition of pertuzumab to trastuzumab plus chemotherapy
and administration of 840 mg pertuzumab every 3 weeks,
instead of the 420 mg every 3 weeks currently approved for
maintenance regimens in breast cancer, did not lead to
increased rates of adverse cardiac events or to the emergence of
any new safety signals, and did not have a clinically meaningful
effect on health-related quality of life. This study adds to
evidence suggesting that the tumour biology of HER2-positive
advanced gastric cancer is intrinsically different from that of
HER2-positive breast cancer, including potential differences in
the role of HER2 in driving disease progression and therapeutic
responses to targeted therapies.

Implications of all the available evidence

The results from the JACOB trial suggest that adding
pertuzumab to trastuzumab and chemotherapy for first-line
treatment of HER2-positive metastatic gastric or gastro-
oesophageal junction cancer does not significantly improve
overall survival compared with the current standard of care.
Further research is required to identify first-line treatment
options to improve outcomes in this patient population.
Further exploration of the tumour biology and the key drivers
of disease progression in HER2-positive gastric cancers might
help to better identify patients with HER2-driven tumours who
could benefit from dual HER2-targeted regimens.

receptor protein than trastuzumab, has been shown to
significantly improve survival outcomes when added
to trastuzumab plus chemotherapy in patients with
HER2-positive early and metastatic breast cancer.*"
Although the biology of HER2-positive gastric cancer
or gastro-oesophageal junction cancer might differ
from that of HER2-positive breast cancer—including
differences in HER2 expression patterns (eg, HER2
heterogeneity is more common in gastric cancer)'—the
addition of pertuzumab to trastuzumab and chemo-
therapy is hypothesised to further improve overall
survival in patients with HER2-positive advanced gastric
cancer or gastro-oesophageal junction cancer, especially
in those with high levels of HER2 overexpression, who
derived more benefit from the addition of trastuzumab to
standard chemotherapy in the ToGA trial.® Until now,
this hypothesis has not been tested in a phase 3 trial.
The pharmacokinetics and safety of pertuzumab plus
trastuzumab and chemotherapy in patients with
advanced gastric cancer were assessed in the phase 2a
JOSHUA trial.” This study showed that a treatment
regimen of 840 mg pertuzumab every 3 weeks produced
higher serum trough concentrations than an 840 mg
loading dose followed by a 420 mg maintenance dose,
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See Online for appendix

resulting in trough concentrations in patients with
HER?2-positive advanced gastric cancer that were similar
to those seen in patients with HER2-positive metastatic
breast cancer, while maintaining a similar adverse event
profile to the 840 mg followed by 420 mg regimen.”"
On the basis of these findings, we selected an 840 mg
dose of pertuzumab every 3 weeks (loading plus
maintenance) for investigation in the phase 3 JACOB
study (NCT01774786). We compared the efficacy and
safety of pertuzumab in addition to trastuzumab and
chemotherapy versus placebo plus trastuzumab and
chemotherapy as first-line therapy in patients with
previously untreated HER2-positive metastatic gastric
cancer or gastro-oesophageal junction cancer.

Methods

Study design and participants

The JACOB study was a double-blind, placebo-controlled,
randomised phase 3 trial done in 197 oncology clinics
across 30 countries (appendix pp 2-8). Patients were aged
18 years or older and had HER2-positive, histologically
confirmed metastatic adenocarcinoma of the stomach or
gastro-oesophageal junction cancer. We defined HER2
positivity as IHC 3+ or IHC 2+ and in-situ hybridisation
(ISH)-positive, determined by testing at a central
laboratory (Targos Molecular Pathology GmbH, Kassel,
Germany [or for the Chinese sites only, Q-Lab, Shanghai,
China]) using PATHWAY anti-HER2/neu (4B5) IHC
(Ventana Medical Systems, Tucson, AZ, USA) and the
INFORM HER2 Dual ISH assay (Ventana Medical
Systems, Tucson, AZ, USA). We did testing on either
primary or metastatic tumour tissue, which was supplied
as one of a formalin-fixed paraffin-embedded tissue
block, a partial block, or freshly cut unstained slides.
Patients were required to have measurable disease or
evaluable non-measurable disease at baseline according
to Response Evaluation Criteria In Solid Tumors
(RECIST) version 1.1 criteria, Eastern Cooperative
Oncology Group performance status 0 or 1, baseline left
ventricular ejection fraction (LVEF) of 55% or more, and a
life expectancy of at least 3 months. Clinical laboratory
tests were performed within 7 days before the first dose of
study treatment and patients were required to have an
absolute neutrophil count of at least 1500 cells per pL,
platelet count of at least 75000 per pL, haemoglobin
concentration of at least 9-0 g/dL, creatinine clearance of
atleast 60 mL/min per 1-73 m2 (Cockcroft-Gault formula),
total serum bilirubin concentration of up to 1-5xupper
limit of normal (ULN) of laboratory range, adequate
hepatic function (in patients with no liver and no bone
metastases: aspartate aminotransferase [AST] concen-
tration or alanine aminotransferase [ALT] concentration
of =<1.5xULN and alkaline phosphatase [ALP]
concentration of <2-5x ULN, or AST or ALT concentration
of =2-5xULN; in patients with liver metastases but no
bone metastases: AST or ALT of <5xULN and ALP of
<2-5xULN; in patients with liver and bone metastases:

AST or ALT <5xULN and ALP <10x ULN; in patients
with bone metastases but no liver metastases: AST or ALT
<1.5xULN and ALP <10xULN), serum albumin
concentration of at least 25 g/L, and a negative serum
pregnancy test (in patients of childbearing potential).
We excluded patients with documented history of
congestive heart failure, angina pectoris requiring
treatment, myocardial infarction within 6 months before
the first study dose of study treatment, clinically
significant valvular heart disease or uncontrollable high-
risk cardiac arrhythmia, or history or evidence of poorly
controlled hypertension. Patients who had received
previous therapy with a HER2-targeted drug or previous
systemic cytotoxic chemotherapy for metastatic disease
were also excluded. Full inclusion and exclusion criteria
are listed in the appendix (pp 9-10). Patients were
required to provide written informed consent.

JACOB was done in accordance with the International
Conference on Harmonisation E6 guideline for Good
Clinical Practice (ICH-GCP E6) and the principles of the
Declaration of Helsinki, or the laws and regulations of
the country in which the research was done, whichever
provided the greater protection for the individual. The
protocol was amended once for clarity and consistency
around protocol procedures, assessments, and analyses
(amendment date March 4, 2014; amendment approved
by relevant institutional review board or ethics committee
and regulatory authorities as required). The amendments
did not result in substantial changes to the study
objectives, patient eligibility criteria, or safety and efficacy
assessments and analyses. The study protocol is available
in the appendix.

Randomisation and masking

Eligible patients were randomly assigned (1:1) to receive
pertuzumab plus trastuzumab and chemotherapy
(pertuzumab group) or placebo plus trastuzumab and
chemotherapy (control group). We performed central
randomisation and drug pack number allocation using a
permuted block randomisation scheme (block size of 4)
with an interactive voice or web response system (IxRS).
We gave a patient number and treatment assignment
to the investigator via IxRS at enrolment (the investigator
was masked to treatment allocation). Stratification factors
were geographical region (Japan vs North America or
western Europe or Australia vs Asia [excluding Japan] vs
South America or eastern Europe), previous gastrectomy
(ves vs no), and HER2 positivity (IHC 3+ vs IHC 2+ and
ISH-positive). Staff at the study site, study monitors,
project statisticians, and project team members were
masked to treatment allocation. The pertuzumab-
matching placebo had an identical formulation and
appearance to the pertuzumab treatment but did not
contain the antibody. Pertuzumab or placebo was labelled
according to the regulatory requirements of each country
in which this study was done, and in accordance with
ICH-GCP Eo.
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Procedures

The pertuzumab group received pertuzumab 840 mg
every 3 weeks intravenously, with trastuzumab (8 mg/kg
loading dose [day 1] intravenously, followed by 6 mg/kg
every 3 weeks) plus chemotherapy (cisplatin 80 mg/m?
every 3 weeks intravenously, capecitabine 1000 mg/m?
taken orally twice a day [2000 mg/m2 every 24 h]
for 28 doses every 3 weeks, or 5-fluorouracil 800 mg/m?
every 24 h intravenously by continuous infusion for 120 h
every 3 weeks; appendix p 11). The control group received
pertuzumab-matched placebo plus trastuzumab and
chemotherapy according to the same regimen as the
pertuzumab group. At or before cycle 6, chemotherapy
was discontinued only for progressive disease or
unacceptable toxicity. Continuation of chemotherapy after
cycle 6 was at the discretion of the patient and treating
physician. After completion or discontinuation of chemo-
therapy treatment, all patients continued to receive
pertuzumab plus trastuzumab or placebo plus trastu-
zumab until disease progression, unacceptable toxicity, or
withdrawal from the study for another reason. No dose
reduction was permitted for pertuzumab or placebo.
No dose reduction was permitted for trastuzumab, with
the exception of changes of more than 10% in bodyweight,
which required recalculation of the dose. Chemotherapy
doses were not modified for any bodyweight change of
less than 10% but dose reduction and dose delays were
permitted for toxicities attributed to cisplatin, capecitabine,
or 5-fluorouracil. Pertuzumab or placebo plus trastuzumab
administration could be delayed to assess or treat adverse
events. If a patient missed a dose of pertuzumab or
placebo for any cycle and the time between doses was
6 weeks or more, the standard 840 mg dose of pertuzumab
or placebo was given. If pertuzumab or placebo or
trastuzumab was held for more than two cycles, or needed
to be permanently discontinued, the patient was
withdrawn from the study. Patients could receive other
anticancer therapies after stopping study treatment at the
discretion of the treating physician.

Tumour assessments with CT or MRI scans of the
chest, abdomen, and pelvis were done every 9 weeks (or
within 7 days before or after this point) until patient
death or disease progression.

Incidence and severity of adverse events and serious
adverse events were monitored Dby investigators
throughout the study period. The Independent Data
Monitoring Committee assessed safety on an ongoing
basis. Patients with potentially symptomatic left
ventricular systolic dysfunction (LVSD) per investigator
assessment were also reviewed by an independent
Cardiac Review Committee. LVEF was assessed by
echocardiography, multiple-gated acquisition, or cardiac
MRI at baseline, and during the study at least every
9 weeks during chemotherapy treatment and every
12 weeks during antibody treatment.

Patient-reported outcome questionnaires were com-
pleted at baseline (day 1 of cycle 1), on day 1 of each cycle,
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at the end of treatment, and at follow-up visits after
treatment. Patient-reported outcome questionnaires
were completed before all other assessments at each
cycle.

Blood samples were taken for pharmacokinetic
analyses (data presented elsewhere). Laboratory
assessments for haematology and biochemistry analyses
were done before dosing in each treatment cycle, at post-
treatment monitoring visit 1, and at patient withdrawal
from study treatment.

Outcomes

The primary endpoint was overall survival, defined as the
time from the date of randomisation to the date of death
from any cause. Secondary efficacy endpoints were
progression-free survival (defined as the time between
the day of randomisation and the date of first documen-
tation of progressive disease assessed by an investigator
[per RECIST criteria] or death, whichever occurred first),
the proportion of patients who achieved an overall
objective response (defined as either a confirmed
complete or partial objective response as determined by
the RECIST criteria based on an investigator assessment
confirmed by a repeat assessment done no less than
4 weeks later), duration of objective response (the time
between the date of first documented objective response
and the date of first documented progressive disease or
death, whichever occurred first), and the proportion of
patients who achieved a clinical benefit (defined as a best
response of complete or partial objective response or
stable disease for 6 weeks or longer, assessed by an
investigator).

Safety endpoints included incidence of symptomatic
LVSD (defined as an absolute decrease from baseline of
=10 percentage points in LVEF to a value <50% plus at
least one symptom of probable cardiac failure), incidence
of asymptomatic LVSD (defined as an absolute decrease
from baseline of 210 percentage points in LVEF to a value
<50%, or asymptomatic decrease in LVEF that required
treatment or led to discontinuation of pertuzumab and
trastuzumab or placebo and trastuzumab).

Health-related quality of life (HRQoL), time-to-deteri-
oration (TTD) in gastric cancer disease-related symptoms,
and treatment-related symptoms were assessed using the
European Organisation for Research and Treatment of
Cancer (EORTC) Quality of Life Questionnaire
(QLQ)-C30 (v3-0), and the EORTC QLQ-ST022, and EQ-
5D-3L questionnaires. EQ-5D outcomes were used for
economic modelling purposes and are not reported here.
TTD was assessed as TTD1 (time from baseline to the
first instance of the patient’s score showing a =10-point
increase in four prespecified symptom scales: abdominal
pain, eating restrictions, appetite loss, and fatigue) and
TTD2 (TTD from starting trastuzumab and pertuzumab
or placebo therapy—ie, TTD from an assessment when a
patient had stopped chemotherapy and started treatment
with biological therapy alone).
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3287 patients assessed for eligibility

2507 excluded
> 2028 did not meet inclusion criteria
479 other reasons

v

| 780 patients randomly assigned |

v

v

388 patients assigned to pertuzumab
plus trastuzumab and
chemotherapy (pertuzumab group)*

392 patients assigned to placebo plus
trastuzumab and chemotherapy
(control group)*

v

—>| 4 did not receive pertuzumab

—>| 3 did not receive placebo

v

384 patients received pertuzumab plus
trastuzumab and chemotherapyt

389 patients received placebo plus
trastuzumab and chemotherapyt

v

.................. <.......................
262 discontinued study 281 discontinued study
242 died 262 died
3 lost to follow-up Y 4 lost to follow-up

15 patient withdrawal
1 physician decision
1othert

12 patient withdrawal
3otherf

A4

55 on treatment
65 in follow-up

126 patients alive and remained in study

6 between treatment and follow-up

111 patients alive and remained in study
47 on treatment
62 in follow-up
2 between treatment and follow-up

Figure 1: Trial profile

*Intention-to-treat population. TOne patient assigned to the placebo group received one dose of pertuzumab in
error and was included in the safety population for the pertuzumab group; final safety population: pertuzumab
(n=385), placebo (n=388). 1These patients were enrolled in the study but were subsequently identified as
ineligible and discontinued study participation without receiving any study treatment.
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Statistical analysis
We calculated a target enrolment of 780 patients (390 per
treatment group) based on the target hazard ratio (HR) of
0-777 and an assumed median overall survival of
15-0 months in the placebo group vs 19-3 months in the
pertuzumab group (calculation based on data from the
ToGA trial).’ With 502 overall survival events, we expected
the study to have 80% power to detect a significant
difference in overall survival (two-sided 0=0-05). The
minimum detectable difference corresponded to an HR
of 0-836. We planned one interim efficacy analysis at
about 70% information fraction. We determined the
interim efficacy analysis boundary by applying the Lan-
DeMets method and an O’Brien-Fleming o-spending
function, which resulted in a two-sided significance level
of 0-0148 for the interim analysis (with 351 deaths) and
0-0455 for the final analysis (with 504 deaths).

We assessed overall survival and progression-free
survival in the intention-to-treat (ITT) population, defined
as all patients randomly assigned to a treatment group

regardless of whether they received a study drug, analysed
according to group allocation. We assessed overall survival
in predefined subgroups based on age, race, stratification
factors, and other potential baseline prognostic factors.
We censored patients who were still alive at the time of
data cutoff at the last date of or before cutoff. We censored
patients who did not have any data after baseline at the
date of randomisation plus 1 day. For the assessment of
progression-free survival and duration of objective
response, we censored patients who did not have
documented progressive disease or death at the date of
tumour assessment on which the patient was last known
to be progression-free before the clinical cutoff date. For
the assessment of progression-free survival, we censored
patients who did not have any tumour assessment data
after baseline at the date of randomisation plus 1 day.
We assessed overall response and clinical benefit in
patients in the ITT population who had measurable
disease at baseline. Patients who did not have any tumour
assessment data after baseline were counted as non-
responders. We assessed safety outcomes in all randomly
assigned patients who received at least one dose of study
treatment (analysed according to treatment received). We
assessed patient-reported outcomes in the ITT population
that had a baseline patient-reported outcome assessment
and at least one assessment after baseline. We assessed
changes in HRQoL, gastric cancer disease-related
symptoms, and patient-reported treatment-related symp-
toms using the mean change of linear transformed scores
from baseline, with a 10-point or greater change in score
being perceived by patients as clinically meaningful.*

We estimated median overall survival for treatment
groups (with 95% ClIs) using the Kaplan—-Meier approach;
we computed 95% Cls using the Brookmeyer and Crowley
method. We used a stratified two-sided log-rank test to
compare overall survival in the two treatment groups and a
stratified Cox proportional hazards regression model to
estimate the HR between treatment groups with 95% CI,
using the stratification factors geographical region, HER2
status, and previous gastrectomy. We did sensitivity
analyses using the unstratified log-rank test, stratified and
unstratified log-rank tests using the data collected from the
IxRS system rather than the electronic case report form,
and we also did a Kaplan—-Meier estimate of time-to-
censoring in treatment groups. We pooled small strata
with fewer than 20 patients in the stratified analysis in line
with the statistical analysis plan. We did no formal testing
of the proportional hazards model. We used a similar
approach to that for overall survival to estimate median
progression-free survival. We summarised the proportion
of patients who achieved an overall response and clinical
benefit in each treatment group and calculated 95% Cls
using the Clopper—Pearson method. We estimated median
duration of objective response using the Kaplan—Meier
method (we computed 95% CI using the Brookmeyer and
Crowley method). We implemented a hierarchical testing
procedure for the analysis of the primary endpoint (overall

www.thelancet.com/oncology Vol 19 October 2018



Articles

survival) and two secondary endpoints (progression-free
survival and objective response). We estimated median
TTD with the Kaplan—Meier method. We censored patients
without deterioration at the time of completing the last
questionnaire.

We used SAS version 9.2 and 9.4 for statistical analyses.
This trial is registered with ClinicalTrials.gov, number
NCT01774786.

Role of the funding source

This study was sponsored by F. Hoffmann-La Roche, Ltd
(Basel, Switzerland). The funder provided the study
drugs and the funder and its employees were involved in
study design, protocol development, regulatory and
ethics approvals, study conduct and management, safety
monitoring and reporting, data management, data
analysis, and data interpretation. All authors had access
to the study data, were involved in the data analysis and
interpretation, contributed to the writing of the
manuscript, and approved the final version for
submission. The corresponding author had full access to
all of the data and the final responsibility to submit for
publication.

Results

Between June 10, 2013, and Jan 12, 2016, 3287 patients
were screened for eligibility. Of these, 780 eligible patients
were randomly assigned to receive pertuzumab plus
trastuzumab and chemotherapy (pertuzumab group,
n=388) or placebo plus trastuzumab and chemotherapy
(control group, n=392), constituting the ITT population
(figure 1). Of the patients randomly assigned, seven did
not receive the assigned study treatment (four in the
pertuzumab group; three in the control group) and one
patient assigned to the control group received both
treatments in error and was counted in the pertuzumab
group for safety analyses. Therefore, 385 patients in the
pertuzumab group and 388 patients in the control group
were evaluated for safety. The data cutoff for the primary
analysis of overall survival was Dec 9, 2016. Median
duration of overall survival follow-up was 24-4 months
(95% CI 22-3-26-1) in the pertuzumab group and
25-0 months (22-3-28-9) in the control group.

Baseline patient demographics and disease charac-
teristics were generally well balanced between treatment
groups (table 1). Most patients in both treatment groups
had intestinal subtype gastric cancer, with the primary
tumour located in the stomach. Approximately two-thirds
of patients in each treatment group had a HER2
immunohistochemistry score of 3+.

Mean number of pertuzumab or placebo and
trastuzumab  treatment cycles per patient was
131 (SD 10-7) in the pertuzumab group and 11-2 (10-0)
in the control group; mean relative dose intensity was
similar in the two treatment groups (appendix p 13).
Mean relative dose intensity for capecitabine and
cisplatin chemotherapies was numerically lower in the
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Pertuzumab Control group
group (n=388)  (n=392)
Sex
Male 294 (76%) 323 (82%)
Female 94 (24%) 69 (18%)
Age, years
Median (IQR) 62-0 (54-5-69) 610 (54-68)
Geographic region
Asia (excluding Japan) 143 (37%) 146 (37%)
Japan 40 (10%) 40 (10%)
North America, western Europe, 133 (34%) 133 (34%)
Australia
South America, eastern Europe 72 (19%) 73 (19%)
Measurability
Measurable disease 351(91%) 352 (90%)
Non-measurable evaluable disease 37 (10%) 40 (10%)
only
Number of metastatic sites*
1-2 305 (79%) 303 (78%)
>2 83 (21%) 88 (23%)
Histological subtypes (Lauren
classification)
Diffuse 18 (5%) 21 (5%)
Intestinal 353 (91%) 350 (89%)
Othert 17 (4%) 21 (5%)
Primary site
Gastro-oesophageal junction 110 (28%) 98 (25%)
Stomach 278 (72%) 294 (75%)
ECOG performance status*
0 162 (42%) 162 (41%)
1 226 (58%) 229 (59%)
HER2 status
IHC 2+ and ISH-positive 129 (33%) 130 (33%)
IHC 3+ 259 (67%) 262 (67%)
Previous gastrectomy
Yes 105 (27%) 102 (26%)
No 283 (73%) 290 (74%)
Data are n (%), unless otherwise specified. ECOG= Eastern Cooperative Oncology
Group. IHC=simmunohistochemistry. ISH=in-situ hybridisation. *n=391 in the
control group. Mixed or indeterminable.
Table 1: Baseline demographics and disease characteristics (intention-
to-treat population)

pertuzumab than in the control group; however, the
number of cycles of chemotherapy was similar across
treatment groups (appendix p 13). 41 (41%) of 100 patients
in the pertuzumab group and 29 (28%) of 103 patients in
the control group had at least one dose modification in
5-fluorouracil; 194 (65%) of 300 patients in the
pertuzumab group and 164 (54%) of 301 patients in the
control group had at least one dose modification in
capecitabine; and 106 (28%) of 382 patients in the
pertuzumab group and 74 (19%) of 388 patients in the
control group had at least one dose modification in
cisplatin. The denominators refer to the number of
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(n=392)

Number of events 242 262

Median overall survival, months (95% Cl) 17-5(16-2-19-3)  14-2(12:9-15-5)
Stratified hazard ratio (95% Cl) 0-84 (0-71-1-00)
p value (log-rank) 0-057

T
0 2 4 6 8 10 12 14 16

Number at risk
(number censored)
Pertuzumabgroup 388 363 342 323 297 266 243 209 175
(10) 34 (12) (14 (@15 @17) (35 (49

392 359 339 306 279 252 221 175 143

(9 (11) (@3) (@5 @15 (16) (1) (42)

Control group

Time since randomisation (months)

T T
18 20 22 24 26 28 30 32 34 36 38 40 42

149 114 92 67 54 36 27 16 10 6 4 3
(56) (75) (86) (100) (108) (117) (123) (131) (136) (140) (142) (242)
118 95 76 60 47 38 31 23 14 7 4 2
(54) (69) (78) (86) (91) (96) (101) (108) (117) (123) (126) (128)

Figure 2: Overall survival in the ITT population
ITT=intention-to-treat. HR=hazard ratio.

patients who received each type of chemotherapy
(capecitabine, 5-fluorouracil, and cisplatin).

The number of patients receiving at least one anticancer
therapy after treatment, during the course of the study,
was similar between treatment groups (165 [43%] of
388 patients in the pertuzumab group and 165 [42%] of
392 patients in the control group; appendix p 14).
Ramucirumab was received by 19 (5%) of 388 patients in
the pertuzumab group and 23 (6%) of 392 patients in the
control group.

At clinical cutoff, in the ITT population 242 (62%) of
388 patients in the pertuzumab group and 262 (67%) of
392 patients in the control group had died. The difference
in overall survival between the two treatment groups was
not significant (HR 0-84 [95% CI 0-71-1-00]; p=0-057;
figure 2). Median overall survival was 17-5 months
(95% CI 16-2-19-3) in the pertuzumab group compared
with 14-2 months (12-9-15-5) in the control group. The
sensitivity analyses were consistent with the primary
analysis (data not shown). Most subgroups analysed had
overall survival HRs consistent with the ITT population
(figure 3).

The addition of pertuzumab to trastuzumab and
chemotherapy was associated with an improvement in
progression-free survival (HR 0-73 [95% CI 0-62-0-86];
p=0-0001; this efficacy analysis was descriptive only as
the primary endpoint was not met]). Median progression-
free survival was 8-5 months (95% CI 8-2-9-7) in the
pertuzumab group compared with 7-0 months (6-4-8-2)
in the control group (figure 4). The proportion of patients
who achieved an objective response was larger in the
pertuzumab group (56-7% [95% CI 51-3-62-0]) than in
the control group (48-3% [43-0-53-7]; difference 8-4%
[0-9-15-9]; x2 p=0-026). However, we could not assess
significance for progression-free survival and objective
response because of the hierarchical testing procedure
used, meaning that these analyses were purely des-
criptive in nature. Median duration of objective response
was longer in the pertuzumab group (10-2 months

[95% CI8-4-10-7]) than in the control group (8-4 months
[6-8-8-7]). The proportion of patients who achieved a
clinical benefit was 84-6% (95% CI 80-4-88-2) in the
pertuzumab group and 81-3% (76-8-85-2) in the
placebo group (difference 3-37 [95% CI -2-34 to 9-07];
p=0-24).

Adverse events were reported in 381 (99%) of
385 patients in the pertuzumab group and 385 (99%) of
388 patients in the control group; serious adverse events
occurred in 175 (45%) patients in the pertuzumab group
versus 152 (39%) in the control group, and grade 3-5
adverse events occurred in 307 (80%) patients in the
pertuzumab group versus 282 (73%) patients in the
control group (appendix pp 15-25). Diarrhoea was the
most common serious adverse event in both groups
(17 [4%)] patients in the pertuzumab group vs 20 [5%)]
patients in the control group). Frequency of the most
common adverse events of grade 3 or worse were generally
similar between treatment groups (table 2). The most
common grade 3-5 adverse events were neutropenia (116
[30%)] patients in the pertuzumab group vs 108 [28%)]
patients in the control group), anaemia (56 [15%)] vs
65 [17%)] ), and diarrhoea (51 [13%] vs 25 [6%)]). Adverse
events of grade 3 or worse with approximately 5% or
greater difference in incidence between the pertuzumab
and control groups were diarrhoea, hypokalaemia, and
nausea (table 2). No patients discontinued pertuzumab
due to diarrhoea. Adverse events leading to the
discontinuation of pertuzumab and trastuzumab or
placebo and trastuzumab were reported in 45 (12%) of 385
patients in the pertuzumab group and 45 (12%) of 388
patients in the control group. Serious adverse events that
the investigator considered to be related to study treatment
were reported in 48 (12%) patients in the pertuzumab
group and 40 (10%) patients in the control group.

At the time of dlinical cutoff, 502 patients (240 in the
pertuzumab group and 262 in the control group) in the
safety population had died during the study (two additional
patients included in the ITT population died without
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receiving treatment). Most deaths were related to disease
progression (213 [89%)] of 240 in the pertuzumab group
and 232 [89%)] of 262 in the control group). Adverse events
leading to death were reported in 27 (7%) of 385 patients
in the pertuzumab group and 30 (8%) of 388 patients in
the control group (appendix p 25). Of these, seven deaths
were considered by the investigator to be related to
treatment (multiple organ failure, pulmonary embolism,
haemodynamic instability, and unexplained death in

one patient each, and septic shock in three patients), all of
which occurred in the control group.

Rates of symptomatic LVSD were low overall and
similar between treatment groups (table 3). Two sympto-
matic LVSD events were reported in the pertuzumab
group (both grade 3 adverse events; one New York Heart
Association [NYHA] class II, one NYHA class III). One
symptomatic LVSD event was reported in the control
group (no NYHA class recorded).

Pertuzumab group (n=388)

Control group (n=392)

HR (95% CI)

Favours pertuzumab

Favours placebo

n/N Median, months n/N Median, months
(95% Cl) (95% Cl)

Sex

Men 181/294 181 (16-4-19-9) 210/323 14-9 (132-167) — . 0-88 (0-72-1:07)

Women 61/94 16-2 (12:9-21-8) 52/69 123(9-2-13:5) - = 0-67 (0-46-0-98)
Race

Asian 112/182 19:3 (16:4-21.8) 123/188 167 (14-8-19-2) — 0-84 (0-65-1.08)

White 120/191 16-4 (14-1-18-8) 126/187 127 (10-7-13-8) R - 0-86 (0-67-1-10)

Other 6/9 10-1(7:3-24-2) 12/15 49 (2:3-141) 0-64 (0-24-1.72)
Region

Asia (excluding Japan) 89/143 183 (15-4-213) 92/146 17-3(14-8-20-6) — ., 0-93 (0-70-1-25)

Japan 24/40 22:0 (15-2-NA) 30/40 15:6 (10-7-19-2) e 0-65 (0-38-1-11)

North America, western Europe, Australia 82/133 17-4 (12-7-22-1) 88/133 13-0 (114-15-1) PR E— 0-87 (0-64-1-17)

South America, eastern Europe 47172 16-4 (11.5-18.9) 52/73 117 (9-1-13-5) R — 0-80 (0:54-1-19)
HER2 status

IHC 2+ and ISH-positive 89/129 13-0 (10-7-15-9) 99/130 11.9 (10-1-132) — 0-82 (0-61-1.09)

IHC 3+ 153/259 191 (17-5-22-2) 163/262 171 (14-7-203) — . 0-86 (0-69-1-07)
Previous gastrectomy

Yes 53/105 193 (17-5-24-2) 59/102 171 (14-5-22-4) R 0-86 (0-59-1-25)

No 189/283 16-4 (14-8-18-6) 203/290 132 (12:3-15-1) — . 0-83 (0-68-1:02)
Measurability

Measurable disease 218/351 174 (15-9-19:5) 239/352 14-2 (12-9-15-7) - | 0-84(0-70-1-01)

Non-measurable evaluable disease only 24/37 187 (14-5-23-7) 23/40 14-5 (11-4-NA) - 0-86 (0-48-1-52)
ECOG performance status at baseline

0 100/162 183 (164-21-8) 96/162 19-4 (151-22-4) T — 1.02 (0-77-136)

1 142/226 166 (14-5-19.9) 166/229 12:9 (11-7-13-8) — . 074 (0-59-0-92)
Previous adjuvant and/or neoadjuvant chemotherapy and/or radiotherapy

Yes 26/55 23.0 (18.7-NA) 32/53 147 (12:7-21-8) - e 071 (0-42-1-19)

No 216/333 166 (15-0-18-6) 230/339 13-8 (12-8-15-5) - 0-87 (0.72-1-04)
Number of metastatic sites

1-2 186/305 18:5(15-9-20-3) 196/303 15-1(13-7-17-6) —-— 0-87 (0-71-1.07)

>2 56/83 16-4 (14-1-19-3) 66/88 10-6 (7-9-12-8) — mm 075 (0-52-1:07)
Number of lesions at baseline

<4 138/244 19:5(17-0-22-2) 133/215 14-8 (13:2-17-2) — 0-84 (0-66-1-06)

>4 104/144 15.0 (12:3-17.5) 129/175 13.0 (10-6-15-6) R — 0-90 (0-70-1-17)
Primary site

Gastro-oesophageal junction 55/110 233 (16-6-30-8) 60/98 14-7 (12-8-22-0) — - 0-76 (0-53-1-10)

Stomach 187/278 167 (15:1-18-7) 202/294 13-8 (12:5-157) . 0-87 (0-72-1:07)
Gastric cancer type

Diffuse 15/18 10-7 (8-1-15-2) 16/21 65 (4-0-11-8) 0-82 (0-40-1-69)

Intestinal 215/353 185 (16-5-20-3) 228/350 14-9 (13-2-17-2) E B 0-85 (0-71-1-02)

Mixed 11/16 15.9(9-6-23-9) 17/19 103 (8:4-13-5) 0-60 (0-28-1-29)
All patients 242/388 175 (16-2-19-3) 262/392 14-2 (12-9-155) - 0-84 (0-71-1-00)

I T T T T T TT 1
02 05 10 2:0
4_

Figure 3: Subgroup analysis of overall survival

n represents the number of patients with an event and N is the number of patients in the individual subgroup. ECOG=Eastern Cooperative Oncology Group. HR=hazard ratio.

IHC=immunohistochemistry. ISH=in-situ hybridisation. NA=not assessed.
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High completion rates for the patient-reported outcome No clinically meaningful differences were detected
questionnaires were achieved in both treatment groups between groups in overall HRQoL (figure 5) or the
throughout the study: more than 90% completion in median TTD in abdominal pain, appetite loss, eating
both treatment groups for all cycles (data not shown). restrictions, or fatigue symptoms (both TTD1 and TTD2;

100 ITT population Pertuzumab Control group
g group (n=388)  (n=392)
% 8 Number of events 311 324
2 604 Median progression-free survival, months (95% Cl) 85(8-2-9-7) 7-0 (6-4-8-2)
o Hazard ratio (95% Cl) 0-73 (0-62-0-86)
b
5 4
g
g 207 — Pertuzumab group
a —— Control group

0 T T T T T T T T T T T T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Number at risk Time since randomisation (months)

(number censored)
Pertuzumabgroup 388 354 320 267 213 165 135 104 80 67 50 36 26 18 14 7 4 2
(13) (13) (16) (17) (18) (21) (29) (34) (38) (46) (55 (58) (64) (65) (71) (73) (75) (75
Controlgroup 392 349 301 242 172 120 85 67 51 35 27 21 17 15 12 8 7 4
(10) (14) (15) (17) (1) (22) (29) (35 (43) (46) (50) (52) (54) (57) (60) (61) (64) (67

N

2 NE
(75)

1 NE
(67)

=

Figure 4: Progression-free survival in the ITT population
Stratified hazard ratio. Progression-free survival was investigator-assessed. ITT=intention-to-treat. NE=not evaluable.

Pertuzumab group (n=385) Control group (n=388)
Grade1-2  Grade3 Grade 4 Grade 5 Grade1-2  Grade3 Grade 4 Grade 5

Nausea 189 (49%) 36 (9%) 0 0 202 (52%) 17 (4%) 1(0%) 0
Diarrhoea 186 (48%) 49 (13%) 2 (1%) 0 111 (29%) 24 (6%) 0 1(0%)
Vomiting 122 (32%) 25 (7%) 0 0 104 (27%) 21 (5%) 1(0%) 0
Stomatitis 67(17%) 15 (4%) 0 0 60 (16%) 9 (2%) 0 0
Constipation 53 (14%) 0 0 0 82 (21%) 2 (1%) 0 0
Abdominal pain 40 (10%) 5(1%) 0 0 46 (12%) 5(1%) 0 0
Neutropenia 86 (22%) 102(27%) 14(4%) O 95(25%) 94 (24%) 14(4%) O
Anaemia 103 (27%) 54 (14%) 2 (1%) 0 85(22%) 59 (15%) 5 (1%) 1(0%)
Leukopenia 55(14%) 20 (5%) 2 (1%) 0 49 (13%) 18 (5%) 2 (1%) 0
Thrombocytopenia 47 (12%) 9 (2%) 5(1%) 0 57(15%) 12 (3%) 4 (1%) 0
Febrile neutropenia 0 4 (1%) 6 (2%) 0 1(0%) 8 (2%) 3 (1%) 0
Fatigue 118 (31%) 23 (6%) 0 0 105 (27%) 17 (4%) 0 0
Asthenia 43(11%) 15 (4%) 100%) 0 48 (12%) 14 (3%) 0 0
Pyrexia 54 (14%) 2 (1%) 0 0 56 (14%)  1(0%) 0 0
Mucosal inflammation 30 (8%) 12 (3%) 1(0%) 0 24 (6%) 12 (3%) 0 0
Death 0 0 0 8 (2%) 0 0 0 9 (2%)
Decreased appetite 142 (37%) 38 (10%) 1(0%) 0 136 (35%) 26 (7%) 0 0
Hypokalaemia 34 (9%) 33(9%) 9 (2%) 0 24 (6%) 16 (4%) 6 (2%) 0
Hyponatraemia 11 (3%) 6 (2%) 1(0%) 0 9 (2%) 18 (5%) 3 (1%) 0
Dehydration 12 (3%) 10 (3%) 1(00%) 0 9(2%)  11(3%) 0 0
Weight loss 69 (18%) 6 (2%) 0 0 46 (12%) 3 (1%) 0 0
Reduced creatinine renal clearance 66 (17%) 5 (1%) 0 0 48 (12%) 3(1%) 0 0
Palmar-plantar erythrodysaesthesia syndrome 76 (20%) 9 (2%) 0 0 87 (22%) 11(3%) 0 0
Pneumonia 7 (2%) 8 (2%) 0 3 (1%) 7 (2%) 5(1%) 2 (1%) 1(0%)
Infusion-related reaction 47 (12%) 0 0 0 24 (6%) 1(0%) 0 0
Insomnia 31(8%) 1(0%) 0 0 43 (11%) 1(0%) 0 0

Data are n (%). For frequency counts by preferred term, multiple occurrences of the same adverse event in an individual are counted only once. For frequency counts of

grade 1-2 adverse events, multiple occurrences of the same adverse event in an individual are counted separately. Adverse events listed in order of most common any-grade

adverse events per system organ class in the pertuzumab group. *Any grade 1-2 adverse event occurring in 210% of patients in either treatment group, and all grade 3, 4, and

5 adverse events occurring in =2% of patients in either treatment group are listed. A table of all adverse events is in the appendix (pp 15-25).

Table 2: Adverse event by grade*
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table 4); the median TTD1 or TTD2 was not reached for
any of these symptoms, except for fatigue (table 4).
Clinically meaningful (=10-point change in score from
baseline) worsening in diarrhoea and taste sensation
were observed in the pertuzumab group (appendix p 12).

Discussion
This multinational double-blind, randomised, placebo-
controlled phase 3 trial investigating the efficacy and
safety of adding pertuzumab to trastuzumab in first-line
therapy for HER2-positive metastatic gastric cancer or
gastro-oesophageal junction cancer did not meet its
primary endpoint of showing a significant improvement
in overall survival. The HR for overall survival was
consistent across patient subgroups. We observed a trend
towards therapeutic activity for the key secondary
endpoints of progression-free survival and the proportion
of patients who achieved an objective response with the
addition of pertuzumab, but we could not assess
statistical significance because of hierarchical testing.
Safety was generallly similar between the treatment
groups, with the exception of increased rates of grade 3
or worse diarrhoea, hypokalaemia, and nausea adverse
events in the pertuzumab versus control group. Increased
rates of diarrhoea were observed in the pertuzumab
group compared with the control group, although none
of these events led to the discontinuation of pertuzumab.
However, the relative dose intensity of chemotherapy
treatment was numerically reduced in the pertuzumab
group as compared with the placebo control group. In
terms of cardiac safety, LVSD was generally low and
similar between groups. No new or unexpected safety

events were reported, which is important given that the
dose of 840 mg pertuzumab every 3 weeks assessed in
the JACOB trial was double the maintenance dose
currently approved for breast cancer treatment.

More dose modifications and interruptions in chemo-
therapy treatment occurred in the pertuzumab group
compared with the placebo group. This difference might
be related to overlapping toxic effects, such as diarrhoea,
which is thought to be associated with both pertuzumab
and capecitabine. However, the overall number of
chemotherapy treatment cycles and the small difference
in relative dose intensity between groups suggests that
this observation might not be clinically meaningful.
Moreover, interpretation of the dose modifications or

Pertuzumab Control
group group
(n=385) (n=388)
Patients with symptomatic LVSD 2 (1%) 1(<1%)*
NYHA class Ill or IV 1(<1%) 0
NYHA class Il 1(<1%) 0
Patients with asymptomatic LVSD 18 (5%) 17 (4%)
Mean baseline visit LVEF (range) 64-8% 64-9%
(52:0-84-0)  (51-0-87-0)
Post-baseline LVEF value and change from baseline n=333 n=331
Patients with decrease from baseline of =10 percentage points and to <50% 18 (5%) 16 (5%)
Patients with confirmed LVEF declinet 7 (2%) 7 (2%)
Data are n (%), unless otherwise specified. LVEF=left ventricular ejection fraction. LVSD=left ventricular systolic
dysfunction. NYHA=New York Heart Association. “No NYHA class reported for this single event. tConfirmed LVEF
declines were defined as LVEF decrease from baseline of =10 percentage points and to <50% at two consecutive visits.
Table 3: Cardiac safety

10 —

-@- Control group (n=392)
¢ Pertuzumab group (n=388)

Mean change in score from baseline

_5 -
-10 T T T T T T T T T T T T T T T T T T T
Q aG @) 5 6 @ 8 €] c10 1 12 13 C14 15 C16 (&) 18 19 C20
Visit

Control group

n 340 315 295 287 256 228 217 196 166 155 139 111 102 98 85 74 71 65 63

Pertuzumab group

n 331 320 300 284 268 241 234 209 184 170 158 140 134 129 115 111 102 95 83

Figure 5: Patient-reported outcomes, mean change from baseline in Global Health Status scale (EORTC QLQ-C30)
Baseline is defined as cycle 1, day 1. Error bars represent SE of the mean. Only visits that yielded data for =50 patients in both treatment groups are presented. Higher
scores in the Global Health Status scale represent higher levels of functioning. C=cycle. EORTC QLQ= European Organisation for Research and Treatment of Cancer

Quality of Life Questionnaire.
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Pertuzumab group  Control group Stratified HR (95% Cl)
TTD1
Abdominal pain* n=367 n=373
Patients with events 72 (20%) 73 (20%) 0-98 (0-71-1-37)
Median TTD1, months NE NE
Appetite loss symptom scalet n=371 n=383
Patients with events 147 (40%) 132 (35%) 113 (0-89-1-44)
Median TTD1, months NE (7-4-NE) NE (15-0-NE)
Eating restrictions* n=366 n=373
Patients with events 119 (33%) 102 (27%) 1-15 (0-88-1-50)
Median TTD1, months NE (16-8-NE) NE (17-1-NE)
Fatigue symptom scalet n=372 n=383
Patients with events 191 (51%) 184 (48%) 1.06 (0-86-130)

Median TTD1, months
TTD2
Abdominal pain*
Patients with events
Median TTD2, months
Appetite loss symptom scalet
Patients with events
Median TTD1, months
Eating restrictions™
Patients with events
Median TTD1, months
Fatigue symptom scalet
Patients with events
Median TTD1, months

Data are n (%) or median time to deterioration (95% Cl). Deterioration is defined as score increase of =10 points for at least
two consecutive cycles or an initial score increase of =10 points followed by death within 3 weeks. EORTC QLQ=European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire. EORTC QLQ-ST022=EORTC QLQ gastric
cancer module. HR=hazard ratio. NE=not evaluable. TTD=time to deterioration. *Abdominal pain and eating restrictions
assessed using the EORTC QLQ-STO22 questionnaire. TAppetite loss and fatigue symptoms assessed using the EORTC

QLQ-C30 questionnaire.

3-91(3-02-6-87) 4-90 (3:45-8-71)

n=180 n=164

36 (20%) 34 (20%) 0-96 (0-59-1-55)
NE NE
n=181 n=166

29 (16%) 31(19%) 0-78 (0-46-1-32)
NE NE
n=180 n=162

29 (16%) 21 (13%) 127 (0-71-2-28)
NE NE
n=181 n=166

53 (29%) 49 (30%) 0-90 (0-60-1-36)
NE (13-6-NE) 17-3 (11-4-NE)

Table 4: Patient-reported outcomes
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interruptions data might be confounded by the observed
increase in treatment duration for both pertuzumab and
chemotherapy in some patients. The increased number
of dose modifications or interruptions in chemotherapy
treatment observed in the pertuzumab group might also
have played a part in the study outcome.

Data from patient-reported outcome questionnaires
collected throughout the study indicated that pertuzumab
in addition to trastuzumab plus chemotherapy was not
associated with clinically meaningful differences in
HRQoL or gastric cancer symptoms. The clinically
meaningful worsening in diarrhoea that was reported in
the pertuzumab group occurred during cycles 2-7,
consistent with the higher rates of diarrhoea observed in
the pertuzumab group coinciding with the period when
chemotherapy was given with anti-HER2 antibodies
(cycles 1-6; appendix p 12).

Differences in the underlying biology between HER2-
positive metastatic gastric cancer and HER2-positive
breast cancer might help explain why the JACOB trial did

not meet its primary endpoint, because these differences
could affect the therapeutic activity of HER2-targeted
drugs in different cancers. Gastric tumours more
frequently show heterogeneous HER2 immunohisto-
chemical staining patterns, lower HER2 expression
concentration, and incomplete membrane staining as
compared with breast cancer,”™® which could influence
the treatment activity of HER2-targeted drugs. HER2
overexpression levels might differ between the primary
and metastatic tumours in an individual patient: a small
retrospective analysis has suggested a discordance rate of
9% between primary gastric cancer tumours and lymph
node metastases,” although similar discrepancies have
also been described in breast cancer so this does not seem
a likely explanation for the results in our study.® The
proportion of HER2-positive tumours that are driven
predominantly by the HER2 signalling pathway might
differ between HER2-positive metastatic gastric cancer
and HER2-positive breast cancer; such potential
differences could explain the strong association between
HER?2 positivity and poorer outcomes in breast cancer® as
compared with the less clear prognostic value of HER2 in
gastric cancer.** Further research to better identify those
patients with HER2-driven gastric cancer who might
benefit more from HER2-targeted therapies is needed.

Several phase 3 studies have investigated the optimal
use of anti-HER2 drugs in HER2-positive advanced
gastric cancer. Investigation of a higher dose of
trastuzumab in patients with poor prognostic factors at
baseline has confirmed the approved dose of trastuzumab
for all patients with gastric cancer.” However, trials of
other HER2-directed drugs—including lapatinib plus
capecitabine or oxaliplatin in the first-line setting” and
the use of trastuzumab emtansine in patients who
progressed after first-line therapy with trastuzumab®—
have not met their primary endpoints. Although trials of
lapatinib and trastuzumab emtansine have not shown
improved overall survival in gastric cancer, both drugs
are currently approved for use in patients with HER2-
overexpressing metastatic breast cancer,”* further
highlighting the differences in therapeutic responses to
HER2-targeted therapies in gastric cancer versus breast
cancer. Together, these negative trials suggest that
oncogenic drivers beyond HER2 are crucial in identifying
and targeting therapies for metastatic gastric cancer or
gastro-oesophageal junction cancer.

The JACOB study, which to our knowledge is one of the
largest randomised phase 3 studies in HER2-positive
gastric cancer so far, has a number of potential limitations.
The study was not powered to assess efficacy endpoints in
clinical and biomarker subgroups and there was no
multiplicity control for subgroup analyses, so we cannot
assess which patients might be more likely to benefit from
pertuzumab treatment. Although this study used a
cisplatin-based doublet regimen (as used in ToGA);
re-examination of the optimal cytotoxic chemotherapy
backbone for use with anti-HER2 drugs might be valuable.

www.thelancet.com/oncology Vol 19 October 2018



Articles

A meta-analysis” suggested that use of trastuzumab plus
oxaliplatin and capecitabine or 5-fluorouracil in the first-
line setting might be associated with improved overall
survival in patients with advanced oesophagogastric
cancer, and might be better tolerated compared with the
cisplatin-based doublet chemotherapy.” However, use of
trastuzumab and oxaliplatin is unlikely to have led to a
different result given the design of the trial.

In conclusion, despite the suggestion of treatment
activity, the addition of pertuzumab to trastuzumab and
chemotherapy did not show an improvement in overall
survival in patients with HER2-positive metastatic gastric
cancer or gastro-oesophageal junction cancer compared
with placebo plus trastuzumab and chemotherapy.
Pertuzumab plus trastuzumab and chemotherapy had a
similar safety profile to trastuzumab and chemotherapy,
except for the increased incidence of diarrhoea, which
was clinically manageable and did notlead to pertuzumab
treatment discontinuations. In view of the multinational
recruitment of patients in this trial and overall adherence
to the protocol, the results of this trial are considered
generalisable to patients with HER2-positive metastatic
gastric cancer. Our study adds to current evidence
suggesting that there are intrinsic differences in the
tumour biology of HER2-positive advanced gastric cancer
and HER2-positive breast cancer, including potential
differences in the role of HER2 in driving disease
progression. Further studies are needed to identify first-
line treatment options to improve patient outcomes in
HER2-positive advanced gastric cancer and to better
identify patients who might benefit from dual anti-HER2
targeted regimens.
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