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Abstract

Genomic profiling, Circulating tumor DNA

HER2 expression remains an important biomarker to guide the addition of the monoclonal antibody trastuzumab to
first-line systemic chemotherapy in unresectable, metastatic gastroesophageal adenocarcinomas (GEA). However, in
contrast to breast cancer, other HER2-targeted strategies to date have not improved outcomes in this molecular
subtype of GEA. Since the initial development of HER2 biomarker testing guidelines, significant spatial intratumoral
heterogeneity of HER2 overexpression has been recognized as a major characteristic of this disease. In this review,
we aim to survey the seminal positive and negative trials investigating HER2-targeted agents for GEA. We also
highlight emerging data on the genomic and temporal heterogeneity of molecular resistance alterations that have
yielded further insight into the heterogeneity of therapeutic responses. We conclude with an overview of promising
novel agents and strategies which may refine the therapeutic landscape.
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Introduction

Gastric cancer is the fifth most common cancer world-
wide and accounts for 6.8% of all cancers excluding
non-melanoma skin cancer, and the third most common
cause of cancer-specific mortality worldwide according
to the latest WHO data [1]. In the USA, gastric cancer
represents 1.5% of all new cancers with estimated new
cases to be 26,240 and estimated deaths to be 10,800 in
2018 [2]. Despite the trend of decreasing incidence and
mortality, the cost and healthcare burden related to gas-
tric cancer increased significantly [3, 4]. Gastric cancer
is often diagnosed at an advanced stage, defined as unre-
sectable locoregional or metastatic disease, which has
very poor prognosis with 5-year survival not exceeding
5-20%. Systemic chemotherapy remains the mainstay of
first-line therapy, with two or three drug combinations
of a fluoropyrimidine and a platinum compound, as well
as docetaxel and irinotecan being widely used [5, 6]. Ap-
proved molecularly targeted therapies for gastric cancer
include human epidermal growth factor 2 (HER2)-posi-
tive tumors treated with trastuzumab in combination
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with chemotherapy in the first line and the vascular
endothelial growth factor receptor-2 (VEGFR2) inhibitor
ramucirumab alone or in combination with paclitaxel in
the second line [7]. Apatinib, which is a tyrosine kinase
inhibitor that targets VEGFR2, has been approved in
China (but not in the USA) for treatment-refractory
late-stage gastric cancer [8]. More recently, immune
checkpoint inhibitors such as nivolumab (approved in
Japan but not in the USA) and pembrolizumab have en-
tered into the treatment armamentarium of systemic
therapies for this disease [9, 10]. In February 2019, the US
FDA approved trifluridine/tipiracil (TAS-102) for meta-
static gastric or gastroesophageal junction adenocarcin-
oma treated with at least two lines of therapy including
HER2-targeted therapy [11]. Hereby, we summarize the
current status of HER2-targeted therapies in gastric can-
cer and emerging data providing further insight into the
molecular heterogeneity of this disease.

Current recommendations for HER2 testing in
gastroesophageal cancer

HER2 (also known as erythroblastosis oncogene B2,
ERBB2) belongs to the epidermal growth factor receptor
(EGFR) family. It is a proto-oncogene whose protein
product is a membrane-bound tyrosine kinase receptor
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which promotes cell proliferation and cancer develop-
ment upon activation [12]. HER2 can homodimerize or
heterodimerize with other EGFR family receptors, such as
HER1 (EGFR), HER3, and HER4 to initiate signal trans-
duction of cellular growth pathways [13]. Testing HER2
overexpression using immunohistochemistry (IHC) and
fluorescence in situ hybridization (FISH) or other in situ
hybridization methods is recommended for all patients
with inoperable locally advanced, recurrent, or metastatic
gastric adenocarcinoma, based on the guidelines of the
American Society of Clinical Oncology (ASCO), the Col-
lege of American Pathologists (CAP), and the American
Society for Clinical Pathology (ASCP) [14]. Patients with
positive biomarker results are subsequently candidates for
the addition of the anti-HER2 therapeutic monoclonal
antibody trastuzumab, which targets the extracellular do-
main (ECD) of HER2, to frontline chemotherapy [15]. In
currently recommended testing algorithms, HER2 sta-
tus should be tested by IHC first. Positive (IHC 3+)
or negative (IHC 0 or 1+) HER2 IHC results do not
mandate further in situ hybridization testing. In cases
with 2+ expression by IHC (i.e., being equivocal, weak
to moderate complete or basolateral or lateral mem-
branous reactivity in >10% of cancer cells), then in
situ hybridization cutoffs using either the HER2/
CEP17 (centromeric region of chromosome 17) ratio
or copy number—based assessment can be used to delin-
eate final HER2 status. Specifically, in situ hybridization
test results of HER2/CEP17 ratio =2 or an average HER2
copy number >6.0 signals/cell are considered positive
[14]. The rates of HER2 positivity vary by Lauren histo-
logic subtype and primary tumor location (gastroesopha-
geal junction vs gastric body and distal stomach). For
instance, in the Trastuzumab for Gastric Cancer (ToGA)
trial, the overall HER2 positivity rate was 22.1%, similar
between European (23.6%) and Asian patients (23.9%), but
higher in Lauren intestinal (31.8%) vs diffuse subtype
tumors (6.1%). Of note, gastroesophageal junction
(GEJ) tumors had higher HER2 positivity rates (32.2%)
than distal or gastric body tumors (21.4%) [16]. Hetero-
geneity of HER2 IHC staining was noted in around 50%
of cases as demonstrated by variability in intratumoral
HER?2 overexpression (i.e., <30% of tumor cells exhibit-
ing staining) with greater heterogeneity in lower IHC
staining categories [16].

First-line HER2-targeted trials

In 2010, the phase 3 ToGA trial first demonstrated the
benefit of adding trastuzumab to first-line chemotherapy
in patients with HER2-positive (IHC 3+ or FISH ampli-
fied HER2/CEP17 >2) locally advanced, recurrent, or
metastatic gastric or GEJ adenocarcinoma [17]. Five
hundred ninety-four patients were randomized to either
trastuzumab combined with chemotherapy (fluorouracil
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or capecitabine plus cisplatin) or chemotherapy alone.
Three thousand six hundred sixty-five patients needed
to be screened to obtain a sufficient study population to
power the trial. Most patients had distal or gastric body
cancers (80% in both groups). The study met its primary
endpoint of significantly improving median overall sur-
vival (OS) with trastuzumab plus chemotherapy vs
chemotherapy alone in the intent-to-treat population
(13.8 vs 11.1 months, HR, 0.74; P=0.0046). In a post
hoc subgroup analysis, the OS benefit of adding trastu-
zumab appeared limited to patients whose tumors were
HER2 IHC 2+ and FISH positive or IHC 3+ (n =446,
16.0 vs 11.8 months, HR, 0.65; 95% CI 0.51-0.83), but
not in cases where tumors were IHC 0 or 1+ despite be-
ing FISH positive (n =131, 10 vs 8.7 months, HR = 1.07).
Efforts to optimize trastuzumab dosing in HER2-positive
metastatic gastric and GEJ cancer were explored in the
phase 3 HELOISE trial which tested standard vs higher
dosing of trastuzumab (8 mg/kg loading dose, followed
by 6 mg/kg vs 10 mg/kg every 3 weeks) with chemother-
apy (cisplatin and capecitabine) [18]. However, no sig-
nificant difference was detected for median OS between
the two doses (12.5 months in the trastuzumab 8 mg/kg
loading dose followed by 6 mg/kg arm vs 10.6 months in
the trastuzumab 10 mg/kg every 3 weeks, P =0.2401).
Safety was also comparable between both arms. With
the HELOISE trial failing to demonstrate a clinical bene-
fit with higher dosing, trastuzumab at a loading dose of
8 mg/kg followed by 6 mg/kg maintenance dose every 3
weeks with chemotherapy (consistent with the ToGA
trial) remains the standard of care for the first-line treat-
ment of HER2-positive metastatic gastric or GEJ
adenocarcinoma.

Lapatinib is a small molecule tyrosine kinase inhibitor
(TKI) which blocks both HER1 (EGFR) and HER2 sig-
naling. It is approved as the second-line treatment of
HER2-positive breast cancer. However, unlike breast
cancer, the studies of lapatinib in HER2-positive gastric
cancer have not demonstrated the same magnitude of ef-
ficacy. The phase 3 LOGIC trial compared lapatinib in
combination with capecitabine plus oxaliplatin versus
capecitabine plus oxaliplatin alone in HER2-positive ad-
vanced or metastatic esophageal, gastric, or GEJ adeno-
carcinoma [19]. The results exhibited no significant
difference in median OS (12.2 vs 10.5 months, HR =
0.91; 95% CI 0.73-1.12, P =0.3492) and median PFS (6.0
vs 5.4 months, P=0.0381), although overall response
rate (ORR) was significantly higher in the lapatinib arm
(53% vs 39%, P =0.0031). There was no correlation be-
tween HER2 IHC status with OS, but the pre-planned
subgroup analyses showed Asian and younger patients
had longer OS. The lapatinib group exhibited more tox-
icities especially higher rates of diarrhea (58% vs 29% all
grades), with 12% in the lapatinib arm and 3% in the
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placebo arm having grade > 3 diarrhea [19]. No pharma-
cokinetics were conducted in this trial to ascertain if
gastric cancer patients with prior partial or total gastrec-
tomy have impacted lapatinib absorption, though subset
analyses suggested more benefit with the addition of
lapatinib to those patients with an intact pylorus (HR,
0.90; 95% CI 0.63—1.01) vs those without (HR, 1.06; 95%
CI 0.67-1.68). This trial used central laboratory confirm-
ation of HER2 amplification, and retrospective analysis
showed higher HER2 amplification was associated with
better PFS, especially in Asian patients (< 60 years old)
who had 5.01-10.0 and >10 fold HER2 amplification
treated with lapatinib [20]. The level of amplification
may reflect the dependency and “potency” of the driver,
thus affect the responses to TKIs. Regardless, with this
trial not meeting its primary endpoint, lapatinib has not
entered into the frontline treatment armamentarium for
advanced HER2-positive gastroesophageal cancer.

Pertuzumab is a monoclonal humanized immunoglobu-
lin (Ig) G1 antibody that targets the heterodimerization
domain of HER2, which prevents the heterodimerization
of the HER2/HERS3 receptors and subsequent downstream
signaling [21]. It was approved in HER2-positive breast
cancer for combination therapy with trastuzumab and
chemotherapy. A phase 2a study suggested the prelimin-
ary activity of first-line pertuzumab in combination with
trastuzumab, capecitabine, and cisplatin in HER2-positive
advanced gastric cancer patients [22]. In this study, pa-
tients received pertuzumab 840 mg at cycle 1 and then
420 mg every 3 weeks (q3w) for cycles 2—6 (arm A) or per-
tuzumab 840 mg q3w for all 6 cycles (arm B). Meanwhile,
patients also received trastuzumab, cisplatin, and capecita-
bine for 6 cycles, then trastuzumab q3w until disease pro-
gression or unmanageable toxicity. ORRs for patients
treated with pertuzumab plus trastuzumab and chemo-
therapy were 86% in arm A and 55% in arm B. Based on
the available pharmacokinetic and safety data, the 840-mg
q3w pertuzumab dose was tested in the phase 3 JACOB
trial [23]. In this trial, 780 patients with metastatic gastric
or GEJ cancer were assigned to pertuzumab, trastuzumab,
and chemotherapy or placebo with trastuzumab and
chemotherapy. At a median follow-up of 24.4 months in
the pertuzumab group and 25.0 months in the placebo
group, no statistically significant difference was found in
the primary endpoint of OS (17.5 vs 14.2 months, HR =
0.84, P =0.057), although there was a significant increase
in median PFS (8.5 vs 7.0 months, HR =0.73, 95% CI
0.62-0.86). Forty-five percent of the pertuzumab group
patients and 39% of the placebo group patients experi-
enced serious adverse events, with 13% vs 6%, respectively,
exhibiting grade > 3 diarrhea. As the JACOB trial did not
meet its primary endpoint, pertuzumab has still not en-
tered into routine clinical practice for metastatic gastro-
esophageal cancer as it has for breast cancer.
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Second-line HER2-targeted trials

Given it appears to be an effective strategy in breast can-
cer, a continuation of anti-HER2 therapy beyond the first
progression on trastuzumab has been an active area of
investigation for patients with HER2-positive advanced
gastric cancer. A retrospective multicenter study ana-
lyzed outcomes of second-line chemotherapy with or
without trastuzumab after initial progression on platinum-
based chemotherapy with trastuzumab for patients with
HER2-positive advanced gastric adenocarcinoma [24].
Continuing (n = 39) trastuzumab beyond progression was
associated with significantly longer median PFS (4.4 vs 2.3
months; P =0.002) and OS (12.6 vs 6.1 months; P =0.001)
compared with discontinuation (n=65) of trastuzumab
beyond progression. The benefits of continuing trastuzu-
mab beyond progression remained significant in the
multivariate analyses of ECOG performance status, num-
ber of metastatic sites, and measurable disease, with ob-
servation of longer median PFS (HR, 0.56; P=0.01) as
well as OS (HR, 0.47; P =0.004) with this strategy. Given
the potential for confounding from retrospective analyses,
evidence from prospective trials was still needed before
the continuation of trastuzumab could be recommended
in routine clinical care.

The first foray prospectively testing this strategy was a
study of trastuzumab emtansine (T-DM1), another HER2-
targeted therapy FDA-approved in breast cancer, which is
an antibody-drug conjugate that links trastuzumab with
the cytotoxic agent DM1 (microtubule inhibitor, a may-
tansine derivative) [25, 26]. Similar to trastuzumab,
T-DM1 binds to HER2 and inhibits the downstream sig-
naling pathway and induces antibody-dependent cellular
cytotoxicity (ADCC). In addition, after internalization of
the HER2-T-DM1 complex, the microtubule inhibitor
DM1 payload is released into tumor cells by lysosomal
degradation leading to mitotic arrest and apoptosis [27].
As shown in the EMILIA and TH3RESA trials in previ-
ously treated HER2-positive advanced breast cancer pa-
tients, T-DM1 prolonged PES and OS with less toxicity
compared to chemotherapy in HER2-positive advanced
breast cancer [26, 28, 29]. To test the role of T-DM1 in
HER2-positive advanced gastric cancer progressed during
or after first-line trastuzumab-containing therapy, the
GATSBY trial was conducted, which was a randomized
phase 2/3 study performed at 107 centers in 28
countries [30]. The first stage of the trial assigned
patients (2:2:1) to intravenous T-DM1 (3.6 mg/kg every 3
weeks or 2.4 mg/kg weekly) or the physician’s choice of a
taxane (intravenous docetaxel 75 mg/m? every 3 weeks or
intravenous paclitaxel 80 mg/m?> weekly). Subsequently,
after the interim analysis, the independent data monitor-
ing committee selected T-DM1 2.4 mg/kg weekly to
proceed to stage 2, for which patients were assigned (2:1)
to either the T-DM1 or the abovementioned taxane. The
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pharmacokinetic profiling demonstrated the 2.4 mg/kg
weekly regimen provided twice the dose intensity com-
pared to the typical dose used in HER2-positive metastatic
breast cancer (3.6 mg/kg every 3 weeks) without concern-
ing new safety signals [31]. For the analysis of stage 2 re-
sults, the median follow-up was 17.5months for the
T-DM1 24 mg/kg weekly group (n=224) and 154
months in the taxane group (n = 111). Despite higher dose
intensity achieved when compared to standard dosing in
breast cancer, there was no difference between T-DM1
2.4 mg/kg weekly and single-agent taxane in the primary
endpoint of median OS (7.9 vs 8.6 months, HR, 1.15; 95%
CI 0.87-1.51, one-sided P =0.86). The T-DM1 2.4 mg/kg
group did demonstrate a lower incidence of grade 3 or
higher adverse events (60% vs 70%), though similar serious
adverse events (29% vs 28%) and adverse events leading to
treatment discontinuation (14% vs 14%) or death (4% vs
4%) compared to the taxane group [30]. Thus, the
GATSBY trial concluded that T-DM1 was not superior to
taxane for previously treated, HER2-positive advanced
gastric cancer. This study did require central laboratory
testing of a primary or metastatic tumor to confirm posi-
tivity for HER2. However, HER2 testing was not mandated
of a new tumor biopsy prior to trial entry, and thus, the
temporal heterogeneity in HER2 expression (ie., HER2
loss) after progression on first-line therapy was not cap-
tured. As such, any positive signal of anti-tumor efficacy
in the T-DM1 arm of the trial may have been diluted by
the lack of activity in patients whose tumors no longer
retained HER?2 positivity.

Lapatinib was also tested in the second-line setting for
HER2-positive gastric cancer. The phase 3 TyTAN trial
compared lapatinib 1500 mg daily plus weekly paclitaxel
80 mg/m” or paclitaxel alone as the second-line treatment
in patients with HER2 FISH-positive advanced gastric can-
cer. Due to the time period of trial enrollment with initial
reporting of ToGA results, only a very small minority (~
6%) of patients had received trastuzumab-containing
first-line therapy resulting in a predominantly anti-HER2
treatment-naive population. Despite this, there was no sig-
nificant difference found in the median OS (11.0 vs 8.9
months, HR, 0.84; 95% CI 0.64—-1.11; P=0.1044) or me-
dian PFS (5.4 vs 4.4 months, HR, 0.85; 95% CI 0.63—1.13;
P =0.2441) between the lapatinib plus paclitaxel vs the
paclitaxel alone groups. ORR was higher with lapatinib
plus paclitaxel vs paclitaxel alone (27% vs 9%; OR, 3.85;
95% CI 1.80-8.87; P<0.001). Lapatinib plus paclitaxel
demonstrated better efficacy in IHC 3+ compared to IHC
0/1+ and 2+ patients and in Chinese patients compared
with Japanese patients [32]. In IHC 3+ patients, OS (HR,
0.59; 95% CI 0.37-0.93; P=0.0176) as well as PFS (HR,
0.54; 95% CI 0.33-0.90; P =0.0101) appeared improved
when adding lapatinib to paclitaxel. However, no OS or
PES benefits were observed with adding lapatinib to
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paclitaxel in IHC 0/1+ or IHC 2+ patients. The results of
TyTAN seem to suggest that some benefit of second-line
anti-HER2 therapy can still be achieved if there can be
better enrichment of patients with stronger HER2 overex-
pression of their tumors.

True testing of continuing HER2 inhibition with tras-
tuzumab and changing of the chemotherapy backbone
after progression on first-line therapy was recently ex-
amined in the prospective randomized phase 2 T-ACT
trial [33]. This study compared weekly paclitaxel with or
without trastuzumab beyond progression in patients
with HER2-positive advanced gastric or GEJ adenocar-
cinoma refractory to fluoropyrimidine, platinum, and
trastuzumab first-line therapy. In the T-ACT trial, 45 pa-
tients were randomized to paclitaxel 80 mg/m* on days
1, 8, and 15 every 4 weeks and 44 patients were assigned
to paclitaxel plus trastuzumab (8 mg/kg loading dose with
6 mg/kg every 3 weeks). As reported at the 2018 ASCO an-
nual meeting, there was no difference in the primary end-
point of median PFS (3.19 vs 3.68 months, P =0.334) or
secondary endpoint of median OS (9.95 vs 10.20 months,
P=0.199). The study investigators did collect new tumor
biopsy samples among 16 patients at the timing of after
progression on first-line trastuzumab-containing therapy
and prior to enrollment on the T-ACT trial. While this
represented only a small proportion of their patient popu-
lation, what was compelling is the authors observed that
11 of the 16 patients (69%) lost HER2 positivity as ascer-
tained by standard IHC and FISH testing. To date, this rep-
resents one of the highest reported rates of HER2 loss in
the context of patients being enrolled onto a second-line
trial of HER2-directed therapy and highlighting a role for
repeat ascertainment of HER?2 status.

Tumor heterogeneity as a challenge for anti-HER2
therapy in gastroesophageal cancer

Table 1 summarizes the landmark trials for HER2-positive
gastric cancer. In contrast to HER2-positive breast cancer,
approved HER2-directed therapies remain limited for gas-
tric cancer, as exemplified by the abovementioned nega-
tive trials with lapatinib, pertuzumab, and T-DM1. Several
mechanisms of resistance to anti-HER2 therapies in gas-
tric cancer have been proposed pertaining to the molecu-
lar heterogeneity of these tumors, both inter-patient and
intratumorally. Inter-patient molecular heterogeneity has
been exemplified by multi-platform, high-throughput se-
quencing efforts such as those put forth by the Asian Can-
cer Research Group (ACRG) and The Cancer Genome
Atlas (TCGA) [34-36]. The TCGA analysis has posited
four major molecular subgroups of gastric cancer: micro-
satellite instable (MSI), Epstein-Barr virus (EBV) associ-
ated, chromosomally instable (CIN), and genomically
stable (GS) tumors. Likewise, the ACRG effort has distin-
guished four molecular subtypes of gastric cancer: MSI,
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Table 1 Landmark clinical trials of HER2-positive gastric cancer
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Trials Patients Line of  Region Phase Study arms Results
therapy
ToGA [17] HER2-positive, locally advanced,  1st Global 3 Trastuzumab plus chemotherapy  Improvement of median OS with
recurrent or metastatic gastric (fluorouracil or capecitabine and  trastuzumab plus chemotherapy
and GEJ adenocarcinoma cisplatin) vs chemotherapy alone  (13.8 vs 11 months, P=0.0046)
HELOISE [18]  HER2-positive metastatic gastric ~ 1st Global 3 Trastuzumab (8 mg/kg loading No difference in median OS 12.5 vs
cancer and GEJ cancer dose, followed by 6 mg/kg VS 10.6 months (stratified HR, 1.24;
10 mg/kg every 3 weeks) plus 95% Cl 0.86-1.78; P=0.2401)
cisplatin (80 mg/m? on day 1)
and capecitabine (800 mg/m2
twice daily on days 1-14)
TyTAN [32] HER?2 FISH-positive IHC 3+ 2nd Asia 3 Lapatinib plus weekly paclitaxel No difference in median OS
advanced gastric cancer vs paclitaxel alone (11.0 vs 8.9 months, P=0.1044)
nor median PFS (54 vs 4.4 months)
LOGIC [19] HER2-positive advanced or Tst Asia 3 Lapatinib with capecitabine plus  No difference in median OS
metastatic esophageal, gastric oxaliplatin vs capecitabine plus (12.2 vs 10.5 months, HR, 0.91;
or GEJ adenocarcinoma oxaliplatin 95% Cl 0.73-1.12, P=0.3492)
and median PFS (6.0 vs 5.4
months, P=0.0381).
JACOB [23] HER2-positive metastatic st Global 3 Pertuzumab, trastuzumab, and No difference in median OS
gastric cancer or GEJ cancer chemotherapy vs trastuzumab (17.5 vs 14.2 months, P=0.057)
and chemotherapy
GATSBY [30]  HER2-positive gastric cancer 2nd Global  2/3 IV TD-M1(2.4 mg/kg weekly) vs No difference in median OS
taxane (docetaxel 75 mg/m2 (7.9 vs 8.6 months, P=0.86).
every 3 weeks or paclitaxel
80 mg/m? weekly)
T-ACT [33] HER2-positive advanced 2nd Japan 2 Paclitaxel 80 mg/m? on days No difference in median PFS

gastric or GEJ adenocarcinoma

(3.19 vs 3.68 months, P=0.334)
and median OS (9.95 vs 10.20
months, P=0.199).

1,8, and 15 every 4 weeks vs
paclitaxel plus trastuzumab

microsatellite stable (MSS)/TP53 active, MSS/TP53 in-
active (i.e., mutated), and MSS/mesenchymal like (EMT).
Of interest is that HER2 gene amplification corresponding
to HER2 overexpression is associated with the CIN sub-
group by TCGA classification and the MSS/TP53 inactive
subtype by the ACRG categorization. Both molecular sub-
groups share the commonality of widespread genomic in-
stability characterized by mutation in the p53 tumor
suppressor, which likely facilitates significant copy number
variations of major oncogenic drivers including HER2.
Intratumoral heterogeneity has been observed as early
as studies developing initial HER2 IHC testing, with the
heterogeneity of tumor cell HER2 IHC staining observed
to be greater in gastroesophageal compared to breast
adenocarcinomas, with staining also more often seen in
a basolateral and less complete membranous pattern
than breast cancer [37]. In sum, molecular profiling
studies have demonstrated HER2-positive gastric cancer
is not a homogenous disease, and differing genetic alter-
ations can co-exist with HER2 in different patients’ tu-
mors as well as intratumorally where subclones of
tumor cells can harbor differing molecular characteris-
tics driving multiple redundant signaling pathways. An
abstract presented by Klempner et al. analyzed compre-
hensive genomic profiling data of 2245 GE] and 1883
distal or gastric body adenocarcinomas (GC) using the

targeted next-generation sequencing (NGS) Foundatio-
nOne platform and identified 395 HER2-amplified
(HER2amp) GEJ (18%) and 132 HER2-amp GC (7.0%)
cases. PIK3CA genomic alterations and MET amplifica-
tion was observed in around 9% and 5% of both HER2
amplified and non-HER2 amplified EGC cases [38].
However, co-amplification of cell-cycle mediators CDK6
(11% vs 6.8%) and CCNEL (19% vs 7.1%), MYC (16% vs
9.8%), and deleterious SMAD4 genomic alterations
(9.7% vs 5.5%) were enriched in cases with versus with-
out HER2 amplification. These results indicate from a
large real-world clinical practice dataset the extent of
baseline tumoral heterogeneity present at initial gastro-
esophageal cancer presentation. Due to the dynamic and
unstable nature of cancer’s genome, as well as intratu-
moral heterogeneity, and inevitable clonal evolution,
change of HER?2 status may not be uncommon in gastric
cancer and likely contributes as a major mechanism of
acquired resistance to anti-HER2 treatment. As men-
tioned previously, the T-ACT investigators observed a
rate as high as 69% of HER2 loss between the first- and
second-line treatment with traditional IHC and FISH
testing methods [33]. Janjigian et al. also reported an
analysis of 44 patients with post-trastuzumab tumor tis-
sue samples subjected to targeted NGS using the
MSK-IMPACT panel and observed loss of HER2



Zhao et al. Journal of Hematology & Oncology (2019) 12:50

amplification in 7 (14%) of the tumors [39]. In addition,
other secondary alterations that putatively predict for re-
sistance to anti-HER2 therapy were captured and ap-
peared to be enriched at greater frequency compared to
pre-treatment samples including exon 16 deletion of the
HER?2 gene and mutations in KRAS and PI3K signaling
pathways. Also of interest, among 50 patient samples in
which HER2 amplification at pre-treatment baseline was
quantitated by targeted NGS in this study, they observed
the longest median PFS (24.3 months) to first-line trastu-
zumab in patients with the highest quartile of HER2
amplification and significantly shorter median PFS (8.4
months) in patients with detected co-alterations in
RTK-RAS-PI3K/AKT pathway genes. A separate study
of both breast and gastroesophageal cancers using the
MSK-IMPACT NGS platform showed an overall con-
cordance of 98.4% with IHC/FISH testing for HER2 sta-
tus, and discrepancies were attributed to low tumor
content and intratumoral HER2 heterogeneity, suggest-
ing NGS can be reliable for HER2 testing [40]. As such,
NGS analyses to discern baseline inter-patient tumoral
genomic heterogeneity may further refine predicted
benefit of anti-HER2 therapy.

With the advancement of NGS and liquid biopsy cir-
culating tumor DNA (ctDNA) assays, these technologies
are being increasingly studied in efforts to move beyond
or supplement traditional HER2 IHC and FISH testing
in enriching patients for HER2-targeted therapy. In a
large-scale study of 21,807 treated late-stage cancer pa-
tients of 50 differing solid tumor types, including 328 gas-
tric cancer patients, somatic mutations in ctDNA were
detectable in 85% of all patients tested using the Guard-
ant360 targeted panel of 70 cancer genes [41]. Another
study performed ctDNA profiling using the Foundatio-
nACT platform of 62 genes among 417 gastrointestinal
carcinoma patients (8.9% were gastric adenocarcinoma),
which demonstrated ctDNA being detectable in 344 of
417 samples (82%), with 89% (306/344) of these samples
having more than 1 reportable genomic alterations de-
tected [42]. CtDNA sequencing routinely detected add-
itional alterations not found in matched tumor tissue
NGS, findings of which can be consistent with intrapatient
tumoral heterogeneity. Kim et al. also evaluated in a pro-
spective fashion tumor tissue NGS and ctDNA through
parallel biomarker studies within a single-arm phase 2
study of lapatinib with capecitabine and oxaliplatin in ad-
vanced HER2-positive gastric adenocarcinoma as the
first-line therapy [43]. Among 16 tumor specimens with
sufficient tissue quality for NGS, CCNE1 amplification
was the most common co-occurring copy number alter-
ation, found in 40% of HER2-positive tumors and trended
to lack of response to HER2-targeted therapy (66.7% of
non-responders had CCNE1 amplification versus 22.2% of
responders, P = 0.08). Compared to patients with low-level
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HER2 amplification, patients with high-level HER2 ampli-
fication by NGS were also more likely to respond to ther-
apy (mean predicted HER2 copy number 24.17 in
responders vs 3.3 in non-responders, P =0.02). In an ana-
lysis of ctDNA (n=9, 8 assessable) using the Guardant
platform, 6 of 8 patients had detectable HER2 copy num-
ber amplification in plasma and all 6 of these patients
responded to treatment (6/6, 100% response rate). There
was an association between temporal changes in
plasma-detected genomic alterations and sensitivity and/
or resistance to lapatinib-based therapy. Interestingly, 3 of
7 post-progression biopsies of the primary tumor amongst
the non-responders demonstrated loss of HER2 overex-
pression. Follow-up ctDNA profiling at disease progres-
sion also demonstrated variability in the emergence of
other genomic alterations such as MYC, EGFR, FGFR2,
and MET amplification. These findings highlight the likely
inter-patient and intrapatient spatial and temporal gen-
omic heterogeneity that occurs when resistance to therapy
develops. Sukawa et al. also reported as one of the com-
panion biomarker studies to the T-ACT trial cell-free
DNA analyses focused on detection of circulating HER2
gene amplification (cfHER2amp) [44]. Among 68 patients
assessable, cfHER2amp was positive in 41 (60%), though
the benefit of trastuzumab beyond progression did not ap-
pear to correlate to the presence (HR, 0.93, 95% CI 0.49—
1.76) or absence (HR 0.81, 95% CI 0.36—1.85) of cfHER2-
amp. The lack of predictive benefit with a single timepoint
of cfHER2amp assessment could argue for the importance
of serial sampling and broader gene panel testing to better
capture temporal and spatial heterogeneity in elucidating
resistance to anti-HER?2 therapy.

Due to the emerging picture of tumoral heterogeneity
of HER?2 positive in particular and gastroesophageal can-
cers in general, larger datasets will be needed to ascer-
tain if composite testing with traditional IHC/FISH,
tumor NGS, and ctDNA, as well as other biomarkers,
can enrich for patients that derive the most clinical
benefit in HER2-directed strategies. Future trials should
collect this data in a prospective fashion as integrated
biomarkers with multiple sampling timepoints (ie.,
re-biopsy at progression and/or serial liquid biopsies)
may best capture spatial and temporal tumor heterogen-
eity. Repeat biopsies of single metastatic sites will likely
be limited by sampling issues but may still complement
ctDNA analyses. The optimal sensitivity and specificity
of ctDNA testing over time and whether ctDNA is truly
reflective of the predominant metastatic tumor burden
remain open areas of investigation. Questions also re-
main if known tumor tissue mutations that are not de-
tected in ctDNA are truly reflective of loss of that
particular subclone or an artifact of a “low ctDNA shed-
ding” vs “high ctDNA shedding” tumor. Continuation of
HER2-directed therapies likely will only be beneficial for
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those with retention of HER2 overexpression, though
the benefit may be impacted by the mechanism of the
agent and ability to overcome resistance brought about
by co-alterations such as RAS/PI3K pathway changes. In
cases where co-amplifications of oncogenic receptor
tyrosine kinases are observed (such as in MET, FGFR2,
or EGFR), will combining multiple targeted therapies be
necessary at the potential cost of greater toxicity or will
sequential targeted therapy strategies be viable enough
to eliminate tumor subclones in a sequential fashion?
Continued translational analyses and improved preclin-
ical models of intratumoral heterogeneity to study clonal
evolution and drug resistance may hopefully elucidate
this question.

Novel anti-HER2 agents and strategies under
investigation

As summarized in Fig. 1, HER2-targeted strategies in
gastric cancer consist of monoclonal antibodies (e.g., trastu-
zumab, pertuzumab, margetuximab), TKIs (e.g., lapatinib,
afatinib, dacomitinib, varlitinib, neratinib), bispecific anti-
bodies (e.g, ZW25), antibody conjugates (e.g., T-DM1,
trastuzumab deruxtecan/DS-8201a, SBT6050), and cellular-
based therapies using T cells and NK cells [45]. Currently,
there are more than 30 ongoing clinical trials testing
anti-HER2 therapy in gastric cancer which may inform
the treatment landscape in options beyond trastuzumab.
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Some of the interest includes trastuzumab deruxtecan
(DS-8201a), a novel anti-HER2 antibody conjugate [46].
The initial publication of a phase 1 trial in breast and gas-
tric cancer reported no dose-limiting toxicities and a 43%
ORR with a 91% disease control rate among 23 patients
[47]. Follow-up reporting of this phase 1 trial with the in-
clusion of expansion cohorts has continued to demon-
strate acceptable safety in 241 evaluable patients, though 5
cases of grade 5 interstitial lung disease/pneumonitis were
observed and undergoing central adjucation at the time of
study reporting [48]. Efficacy however has been com-
pelling even in a heavily pre-treated patient popula-
tion given among the HER2-positive gastric cancer
subgroup (n=44), 43.2% had confirmed RECIST re-
sponses with a median PFS of 5.6 months and median
duration of response of 7 months. A more intriguing
aspect of this agent are preclinical experiments dem-
onstrating significant anti-tumor activity via a bystander
effect where HER2 overexpressing cells are recognized by
DS-8201a but nearby HER2-negative cells in co-culture
also underwent apoptosis [49]. This bystander effect ap-
pears unique to DS-8201a as such anti-tumor activity in
preclinical experiments was not observed with T-DM1.
DS-8201a can thus be a promising agent whose mechan-
ism of action may overcome resistance accounted for by
intratumoral heterogeneity of HER2 overexpression and
outgrowth of HER2-negative clones.

Immune checkpoint
inhibitor:
Pembrolizumab
Nivolumab

s PD- |

Fig. 1 Strategies for targeting HER2-positive gastric cancer. Anti-HER2 antibodies included trastuzumab, pertuzumab, margetuximab, and ZW25.
Anti-Her2 antibody conjugates included trastuzumab emtansine (T-DM1), trastuzumab deruxtecan (DS-8201a), and SBT6050 (TLR8 agonist).
Tyrosine kinase inhibitors targeting HER2 included lapatinib, afatinib, dacomitinib, varlitinib, and neratinib. Fc receptors (FcR) expressed on NK cell
(natural killer cell) bind to antibodies against HER2 and trigger anti-tumor immune response via antibody-dependent cellular cytotoxicity (ADCQ).
NK cell products in combination with trastuzumab for HER2-positive tumors were under investigation. Immune checkpoint inhibitors target
program death 1 (PD-1)/programmed death-ligand 1 (PD-L1), the co-inhibitory signals for T cell antigen receptor (TCR) signaling, to enhance T
cell anti-tumor immunity. Chimeric antigen receptor (CAR)-T cells expressing HER2-specific CAR maybe an option for HER2-positive gastric cancer.
MHC major histocompatibility complex. The figure was created with Biorender.com.

HER2 CAR

Antibodies:
Trastuzumab
Pertuzumab
Margetuximab
ZW25

Antibody conjugates:

Trastuzumab emtansine (T-DM1)
Trastuzumab deruxtecan (DS-8201a)
SBT6050 (TLRS agonist)

Tyrosine kinase inhibitors:
Lapatinib

Afatinib

Dacomitinib

Varlitinib

Neratinib
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As listed in Table 2, several TKIs are under investigation
for HER2-positive gastroesophageal cancer. Dacomitinib is
an irreversible pan-HER inhibitor and was tested in a phase
2 trial of 27 previously treated advanced HER2-positive
gastric cancer patients, reporting a modest ORR of 7.4%
and a disease control rate (DCR) of 40.7% [50]. Afatinib
irreversibly blocks EGFR, HER2, and HER4 and was tested
in combination with paclitaxel in solid tumors expressing
EGFR or HER2 in a phase 1 study (NCT00809133) [51].
Among 16 patients tested, 5 had partial responses includ-
ing 1 esophageal cancer patient. Other phase 2 studies of
afatinib in combination with paclitaxel remain ongoing
(NCT01522768 and NCT02501603). Publication of a
recent phase 2 study of afatinib monotherapy or afatinib
plus trastuzumab combination therapy in trastuzumab-re-
fractory HER2-positive esophagogastric cancer reported a
10% ORR for afatinib monotherapy (2 out of 20) and 1 par-
tial response with the afatinib/trastuzumab combination
and 2 patients (17%) achieving disease control >4 months
[52, 53]. Further highlighting how intratumoral heterogen-
eity may delineate clinical responses to HER2-targeted
strategies, the authors observed a greater reduction in
tumor burden to afatinib in cases where EGFR and HER2
gene co-amplification occurred, interestingly in cases
where the co-amplification existed within the same clonal
tumor cell population confirmed by dual-probe FISH. The
exception existed in a case where MYC gene amplification
also co-existed with EGFR and HER2, thus seemingly me-
diating resistance to afatinib to a genetic signature other-
wise predicting for response. The authors also observed
intrapatient tumoral heterogeneity manifesting as concur-
rent oncogene amplifications existing in differing subclonal
populations, exemplified in one case where metastatic pro-
gression appeared to be driven by MET gene amplification
that was not detected in the other non-progressing meta-
static sites at post-mortem analysis. Varlitinib (ASLANO01)
is a reversible pan-HER inhibitor being studied in gastric,
cholangiocarcinoma, breast, and colorectal cancers and is
now being examined in a phase 1b/2 trial in combination
with mFOLFOX for HER1/HER2 co-expressing gastric
cancer (NCTO03130790). Neratinib is another irreversible
pan-HER inhibitor, recently approved in breast cancer after
the phase 3 ExteNET trial demonstrated that 1year of
extended neratinib therapy after adjuvant chemotherapy
and trastuzumab for HER2-positive breast cancer im-
proved 5-year invasive disease-free survival (90.2% vs
87.7%, HR, 0.73; P =0.0083) [54]. Neratinib is currently be-
ing tested in a basket trial for HER2 mutation-positive or
EGFR-amplified solid tumors (SUMMIT/NCT01953926).

Margetuximab is an Fc-optimized monoclonal anti-
body against HER2, and ex vivo analyses of patient per-
ipheral blood mononuclear cell samples from a phase 1
study demonstrated margetuximab had enhanced ADCC
compared with trastuzumab [55]. Margetuximab is
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currently under investigation in the phase 3 SOPHIA
trial (margetuximab plus chemotherapy vs trastuzumab
plus chemotherapy) in HER2-positive metastatic breast
cancer. A phase 1/2 trial is also testing margetuximab in
advanced gastric cancer in combination with the im-
mune checkpoint inhibitor pembrolizumab [56]. As of
the data cutoff analysis of December 4, 2017, the ORR
was higher in patients with gastric (n = 25) vs GE]J cancer
(n=26) (32% vs 4%). Interestingly, the response rate to
margetuximab + pembrolizumab in a post-trastuzumab
HER2 ctDNA-positive population was 26% (6/23) versus
0% (0/22) in post-trastuzumab HER2 ctDNA-negative
patients, while in a small dataset, this finding would sup-
port the importance of tracking temporal changes in
HER2 overexpression through ctDNA analysis and re-
serving continuation of anti-HER2 strategies in patients’
tumors that retain the HER2 target.

A bispecific antibody is an engineered protein capable
of recognizing and binding two different antigens at the
same time. ZW25 is a novel bispecific antibody specific-
ally designed to simultaneously bind two HER2 epitopes,
ECD 4 (trastuzumab binding domain) and ECD 2 (per-
tuzumab binding domain). Promising results from a
phase 1 study of single-agent ZW25 were presented at
the 2018 ASCO annual meeting. It was well tolerated in
heavily pre-treated patients as a single agent, and effi-
cacy was notable with a 56% (5/9) disease control rate in
HER2-positive gastroesophageal cancer patients that
progressed after prior trastuzumab [57]. Novel
anti-HER2 antibody conjugates include SBT6050, which
has been designed to carry the Toll-like receptor 8
(TLR8) agonist payload specifically to the tumor micro-
environment of HER2 overexpressing cancers [58].
While still in preclinical testing, this novel design may
facilitate selective activation of innate and adaptive
anti-tumor responses while sparing systemic immune
toxicities that have been observed to date with other sys-
temically administered immune cell agonists. Currently,
this agent is projected to enter into the clinic in
first-in-human trials in 2020.

Immune checkpoint inhibitors targeting the program
death 1 (PD-1) and programmed death-ligand 1 (PD-L1)
signaling pathway have changed the paradigm of cancer
therapy in recent years. The PD-1 inhibitors pembrolizu-
mab and nivolumab have garnered regulatory approval
in the USA and Japan, respectively, for third-line therapy
of metastatic gastroesophageal adenocarcinoma based
on large trials exhibiting therapeutic benefit [9, 10]. It
appears rational to combine immune checkpoint inhibi-
tors with monoclonal antibodies such as trastuzumab
given ADCC is an important mechanism of anti-tumor
activity and preclinical experiments have supported
HER2 inhibition enhancing T cell activation [59]. While
the previously mentioned margetuximab study has
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studied this in a refractory population, major interest has
arisen in testing this strategy in a treatment-naive popula-
tion. Two such ongoing phase 2 trials (NCT02954536 and
NCT02901301) are combining pembrolizumab with tras-
tuzumab, fluoropyrimidine, and platinum chemotherapy
as first-line therapy for stage IV HER2-positive metastatic
gastroesophageal cancer. Janjigian and colleagues re-
cently reported in abstract form initial results from
NCT02954536 [60]. Patients with previously untreated
HER2 IHC3+ or FISH+ tumors irrespective of PD-L1
status were treated with pembrolizumab 200 mg, trastuzu-
mab 6 mg/kg (after 8 mg/kg load), oxaliplatin 130 mg/m>
every 3 weeks, and capecitabine 850 mg/m? dosed 2 weeks
on/1 week off (or 5-FU). The ORR was 83% (17 PRs and 3
CRs) with a median PFS of 11.4 months and median OS
not reached at the time of data analysis [60]. Interestingly,
56% of the pre-treatment tumors demonstrated detectable
HER?2 gene amplification by NGS, with the remainder of
the HER2-overexpressing tumors being negative by NGS,
again reflecting the high degree of HER2 intratumoral
heterogeneity that exists in this disease. In attempts to val-
idate this combination approach in HER2-targeted
first-line therapy, the ongoing phase 3 KEYNOTE-811
trial (NCT03615326) is randomizing patients with ad-
vanced HER2-positive gastric or GE] adenocarcinoma to
fluoropyrimidine, platinum, and trastuzumab chemother-
apy with or without the addition of pembrolizumab. If
ultimately larger datasets such as the KEYNOTE-811 trial
demonstrate that augmenting immune targeting of the
HER2 receptor is what improves the paradigm for
first-line therapy, this may call into question whether dis-
ruption of HER?2 signaling is necessary against HER2-posi-
tive gastroesophageal cancer. While such a hypothesis
remains a point of conjecture until future data emerges,
this may account for the failures of lapatinib and pertuzu-
mab where these agents act primarily through inhibition
of HER2 signaling.

Future efforts to augment immune approaches include
genetically modified T cells with reprogrammed, recom-
binant chimeric antigen receptors, or CAR-T cells, which
can target tumor cells expressing specific surface anti-
gens without major histocompatibility complex (MHC)
restriction to eliminate them [61]. CAR-T cells targeting
CD19 have entered into the clinic for B cell malignan-
cies, and engineering of CAR-T cells against solid tumor
antigens have been both promising and challenging. Ini-
tial trials with CAR-T cells targeting HER2 demonstrated
fatal toxicity in the first treated patient, which appeared
mediated by recognition of the low density of HER2 re-
ceptors expressed in normal lung epithelium resulting in
severe cytokine release and pulmonary failure [62]. The
newer generation of CAR-T cells targeting HER2 with
lower affinity has demonstrated acceptable safety to date
in an initial trial of HER2-positive sarcoma patients [63].
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Natural killer (NK) cells are important cytotoxic lympho-
cytes in innate immunity with similar cytolytic activity as
cytotoxic T cells, but they do not need recognition and en-
gagement of the major histocompatibility complex (MHC)
on target cells. Thus, they can be advantageous in killing
tumor cells which have lost MHC expression to escape T
cell surveillance. NK cells also express Fc receptors to re-
cruit antibody-dependent cellular cytotoxicity (ADCC).
FATE-NK100 is an NK cell product that uses ex vivo acti-
vated effector cells harboring enhanced anti-tumor activity.
An ongoing trial (NCT03319459) is testing FATE-NK100
in combination with trastuzumab in subjects with HER2-
positive advanced breast and gastric cancer, as well as other
advanced HER2-positive solid tumors.

Conclusion

Discernment of metastatic gastroesophageal cancer
patients with tumor HER2 overexpression remains of
significance in improving treatment outcomes. However,
to enable progress beyond currently approved therapies
in this molecular subset will require composite testing
strategies to properly capture spatial and temporal tu-
moral heterogeneity that will enhance precision medi-
cine efforts. The advent of targeted NGS in analyzing
both tumor and ctDNA has yielded enlightening data
that may have immediate applicability in the clinic. Intel-
ligent incorporation of these biomarkers can improve
the therapeutic impact of the next generation of
HER2-targeted trials in gastroesophageal cancer.

Abbreviations

AACR: American Association for Cancer Research; ACRG: The Asian Cancer
Research Group; ADCC: Antibody-dependent cellular cytotoxicity;

ASCO: American Society of Clinical Oncology; ASCP: American Society for
Clinical Pathology; CAP: College of American Pathologists; CAR-T: Chimeric
antigen receptor (CAR)-T cells; CEP17: Centromeric region of chromosome
17; cfHER2amp: Circulating HER2 gene amplification; Cl: Confidence interval;
ctDNA: Circulating tumor DNA; ECD: Extracellular domain; EGFR: Epidermal
growth factor receptor; FcR: Fc receptors; FISH: Fluorescence in situ
hybridization; GC: Gastric body adenocarcinoma; GEA: Gastroesophageal
adenocarcinomas; GEJ: Gastroesophageal junction; HER2: Human epidermal
growth factor 2; HER2amp: HER2-amplified; HR: Hazard ratio;

IHC: Immunohistochemistry; MHC: Major histocompatibility complex;

MTD: Maximum tolerated dose; NGS: Next-generation sequencing; NK

cell: Natural killer cell; ORR: Overall response rate; OS: Overall survival; PD-

1: Program death 1; PD-L1: Programmed death-ligand 1; PDX: Patient-derived
xenograft; PFS: Progression-free survival; RP2D: Recommended phase 2 dose;
TCGA: The Cancer Genome Atlas; TCR: T cell antigen receptor; T-

DM1: Trastuzumab emtansine; TKI: Tyrosine kinase inhibitors; TLR: Toll-like
receptor; ToGA: Trastuzumab for Gastric Cancer; US: United States;

VEGFR: Vascular endothelial growth factor receptor

Acknowledgements
Not applicable.

Funding
Not applicable.

Availability of data and materials
Not applicable.



Zhao et al. Journal of Hematology & Oncology (2019) 12:50

Authors’ contributions

All authors contributed to the conception and design, provision of study
materials, collection and assembly of data, data analysis and interpretation,
manuscript writing, and final approval of the manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

SJK has received consulting/advisory fees from Eli Lilly, Astellas, Foundation
Medicine, Inc., and Boston Biomedical and speaker fees from Merck and
Foundation Medicine, Inc. SJK holds stock/equity in TP Therapeutics. JC has
received research support (institutional), consulting, and speaker fees from
Merck and consulting fees from Lilly Oncology, Taiho, and Daiichi-Sankyo. DZ
declares that she has no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Medical Oncology and Therapeutics Research, City of Hope
Comprehensive Cancer Center, Bldg. 51, 1500 E. Duarte Rd, Duarte, CA
91010, USA. “The Angeles Clinic and Research Institute, Los Angeles, CA
90025, USA. *Samuel Oschin Comprehensive Cancer Institute, Cedars-Sinai
Medical Center, Los Angeles, CA 90048, USA.

Received: 14 March 2019 Accepted: 25 April 2019
Published online: 17 May 2019

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
68(1):7-30.

2. Noone AMHN, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatalovich Z,
Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA. SEER Cancer Statistics
Review; 1975-2015.

3. Balakrishnan M, George R, Sharma A, Graham DY. Changing trends in stomach
cancer throughout the world. Curr Gastroenterol Rep. 2017;19(8):36.

4. Liu D, Mehta D, Kaur S, Kumar A, Parikh K, Chawla L, Patel S, Devi A,
Saha A. Decreasing mortality and hospitalizations with rising costs
related to gastric cancer in the USA: an epidemiological perspective. J
Hematol Oncol. 2018;11(1):138.

5. Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A, Fleig WE.
Chemotherapy in advanced gastric cancer: a systematic review and meta-
analysis based on aggregate data. J Clin Oncol. 2006;24(18):2903-9.

6. Wagner AD, Syn NL, Moehler M, Grothe W, Yong WP, Tai BC, Ho J,
Unverzagt S. Chemotherapy for advanced gastric cancer. Cochrane
Database Syst Rev. 2017,8:.CD004064.

7. Digklia A, Wagner AD. Advanced gastric cancer: current treatment landscape
and future perspectives. World J Gastroenterol. 2016;22(8):2403-14.

8. LiJ, Zhao X, Chen L, Guo H, Lv F, Jia K, Yv K, Wang F, Li C, Qian J, Zheng C,
Zuo Y. Safety and pharmacokinetics of novel selective vascular endothelial
growth factor receptor-2 inhibitor YN968D1 in patients with advanced
malignancies. BMC Cancer. 2010;10:529.

9. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, Sun W, Jalal S,
Shah MA, Metges JP, Garrido M, Golan T, Mandala M, Wainberg ZA,
Catenacci DV, Ohtsu A, Shitara K, Geva R, Bleeker J, Ko AH, Ku G, Philip P,
Enzinger PC, Bang YJ, Levitan D, Wang J, Rosales M, Dalal RP, Yoon HH.
Safety and efficacy of pembrolizumab monotherapy in patients with
previously treated advanced gastric and gastroesophageal junction cancer:
Phase 2 Clinical KEYNOTE-059 Trial. JAMA Oncol. 2018;4(5):2180013.

10. Kang YK Boku N, Satoh T, Ryu MH, Chao Y, Kato K, Chung HC, Chen JS, Muro
K, Kang WK, Yeh KH, Yoshikawa T, Oh SC, Bai LY, Tamura T, Lee KW, Hamamoto
Y, Kim JG, Chin K, Oh DY, Minashi K, Cho JY, Tsuda M, Chen LT. Nivolumab in
patients with advanced gastric or gastro-oesophageal junction cancer
refractory to, or intolerant of, at least two previous chemotherapy regimens
(ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet. 2017,390(10111):2461-71.

20.

21.

22.

23.

24.

Page 11 of 13

Shitara K, Doi T, Dvorkin M, Mansoor W, Arkenau HT, Prokharau A, Alsina M,
Ghidini M, Faustino C, Gorbunova V, Zhavrid E, Nishikawa K, Hosokawa A,
Yalcin S, Fujitani K, Beretta GD, Cutsem EV, Winkler RE, Makris L, llson DH,
Tabernero J. Trifluridine/tipiracil versus placebo in patients with heavily
pretreated metastatic gastric cancer (TAGS): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol. 2018;19(11):1437-48.
Akiyama T, Sudo C, Ogawara H, Toyoshima K, Yamamoto T. The product of
the human c-erbB-2 gene: a 185-kilodalton glycoprotein with tyrosine
kinase activity. Science. 1986;232(4758):1644-6.

Zhang H, Berezov A, Wang Q, Zhang G, Drebin J, Murali R, Greene MI. ErbB
receptors: from oncogenes to targeted cancer therapies. J Clin Invest. 2007;
117(8):2051-8.

Bartley AN, Washington MK, Colasacco C, Ventura CB, Ismaila N, Benson AB
3rd, Carrato A, Gulley ML, Jain D, Kakar S, Mackay HJ, Streutker C, Tang L,
Troxell M, Ajani JA. HER2 testing and clinical decision making in
gastroesophageal adenocarcinoma: guideline from the College of American
Pathologists, American Society for Clinical Pathology, and the American
Society of Clinical Oncology. J Clin Oncol. 2017;35(4):446-64.

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A,
Fleming T, Eiermann W, Wolter J, Pegram M, Baselga J, Norton L. Use of
chemotherapy plus a monoclonal antibody against HER2 for metastatic
breast cancer that overexpresses HER2. N Engl J Med. 2001;344(11):783-92.
Van Cutsem E, Bang YJ, Feng-Yi F, Xu JM, Lee KW, Jiao SC, Chong JL, Lopez-
Sanchez Rl, Price T, Gladkov O, Stoss O, Hill J, Ng V, Lehle M, Thomas M,
Kiermaier A, Ruschoff J. HER2 screening data from ToGA: targeting HER2 in
gastric and gastroesophageal junction cancer. Gastric cancer : official journal
of the International Gastric Cancer Association and the Japanese. Gastric
Cancer Association. 2015;18(3):476-84.

Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, Lordick
F, Ohtsu A, Omuro Y, Satoh T, Aprile G, Kulikov E, Hill J, Lehle M, Ruschoff J,
Kang YK, To GATI. Trastuzumab in combination with chemotherapy versus
chemotherapy alone for treatment of HER2-positive advanced gastric or
gastro-oesophageal junction cancer (ToGA): a phase 3, open-label,
randomised controlled trial. Lancet. 2010;376(9742):687-97.

Shah MA, Xu RH, Bang YJ, Hoff PM, Liu T, Herraez-Baranda LA, Xia F, Garg A,
Shing M, Tabernero J. HELOISE: Phase lllb randomized multicenter study
comparing standard-of-care and higher-dose trastuzumab regimens combined
with chemotherapy as first-line therapy in patients with human epidermal
growth factor receptor 2-positive metastatic gastric or gastroesophageal
junction adenocarcinoma. J Clin Oncol. 2017;35(22):2558-67.

Hecht JR, Bang YJ, Qin SK, Chung HC, Xu JM, Park JO, Jeziorski K, Shparyk Y,
Hoff PM, Sobrero A, Salman P, Li J, Protsenko SA, Wainberg ZA, Buyse M,
Afenjar K, Houe V, Garcia A, Kaneko T, Huang Y, Khan-Wasti S, Santillana S,
Press MF, Slamon D. Lapatinib in combination with capecitabine plus
oxaliplatin in human epidermal growth factor receptor 2-positive advanced or
metastatic gastric, esophageal, or gastroesophageal adenocarcinoma: TRIO-
013/LOGIC-a randomized phase Il trial. J Clin Oncol. 2016;34(5):443-51.

Press MF, Ellis CE, Gagnon RC, Grob TJ, Buyse M, Villalobos |, Liang Z, Wu' S,
Bang YJ, Qin SK, Chung HC, Xu J, Park JO, Jeziorski K, Afenjar K, Ma Y,
Estrada MC, Robinson DM, Scherer SJ, Sauter G, Hecht JR, Slamon DJ. HER2
status in advanced or metastatic gastric, esophageal, or gastroesophageal
adenocarcinoma for entry to the TRIO-013/LOGIC trial of lapatinib. Mol
Cancer Ther. 2017;16(1):228-38.

Swain SM, Kim SB, Cortes J, Ro J, Semiglazov V, Campone M, Ciruelos E, Ferrero
JM, Schneeweiss A, Knott A, Clark E, Ross G, Benyunes MC, Baselga J.
Pertuzumab, trastuzumab, and docetaxel for HER2-positive metastatic breast
cancer (CLEOPATRA study): overall survival results from a randomised, double-
blind, placebo-controlled, phase 3 study. Lancet Oncol. 2013;14(6)461-71.
Kang YK, Rha SY, Tassone P, Barriuso J, Yu R, Szado T, Garg A, Bang YJ. A
phase lla dose-finding and safety study of first-line pertuzumab in
combination with trastuzumab, capecitabine and cisplatin in patients with
HER2-positive advanced gastric cancer. Br J Cancer. 2014;111(4):660-6.
Tabernero J, Hoff PM, Shen L, Ohtsu A, Shah MA, Cheng K, Song C, Wu H,
Eng-Wong J, Kim K, Kang YK. 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. Lancet Oncol. 2018;19(10):1372-84.

Palle J, Tougeron D, Pozet A, Soularue E, Artru P, Leroy F, Dubreuil O, Sarabi
M, Williet N, Manfredi S, Martin-Babau J, Rebischung C, Abdelghani MB,
Evesque L, Dreanic J, Hautefeuille V, Louafi S, Sefrioui D, Savinelli F, Mabro
M, Rousseau B, Lecaille C, Bouche O, Louvet C, Lecomte T, Bonnetain F,



Zhao et al. Journal of Hematology & Oncology

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2019) 12:50

Taieb J, Zaanan A. Trastuzumab beyond progression in patients with HER2-
positive advanced gastric adenocarcinoma: a multicenter AGEO study.
Oncotarget. 2017;8(60):101383-93.

Erickson HK, Lewis Phillips GD, Leipold DD, Provenzano CA, Mai E, Johnson
HA, Gunter B, Audette CA, Gupta M, Pinkas J, Tibbitts J. The effect of
different linkers on target cell catabolism and pharmacokinetics/
pharmacodynamics of trastuzumab maytansinoid conjugates. Mol Cancer
Ther. 2012;11(5):1133-42.

Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, Pegram M, Oh DY,
Dieras V, Guardino E, Fang L, Lu MW, Olsen S, Blackwell K, Group ES.
Trastuzumab emtansine for HER2-positive advanced breast cancer. N Engl J
Med. 2012;367(19):1783-91.

Lewis Phillips GD, Li G, Dugger DL, Crocker LM, Parsons KL, Mai E, Blattler
WA, Lambert JM, Chari RV, Lutz RJ, Wong WL, Jacobson FS, Koeppen H,
Schwall RH, Kenkare-Mitra SR, Spencer SD, Sliwkowski MX. Targeting HER2-
positive breast cancer with trastuzumab-DMT1, an antibody-cytotoxic drug
conjugate. Cancer Res. 2008,68(22):9280-90.

Krop IE, Kim SB, Martin AG, LoRusso PM, Ferrero JM, Badovinac-Crnjevic T,
Hoersch S, Smitt M, Wildiers H. Trastuzumab emtansine versus treatment of
physician’s choice in patients with previously treated HER2-positive
metastatic breast cancer (TH3RESA): final overall survival results from a
randomised open-label phase 3 trial. Lancet Oncol. 2017;18(6):743-54.

Krop IE, Kim SB, Gonzalez-Martin A, LoRusso PM, Ferrero JM, Smitt M, Yu R, Leung
AC, Wildiers H, TRs c. Trastuzumab emtansine versus treatment of physician’s
choice for pretreated HER2-positive advanced breast cancer (TH3RESA): a
randomised, open-label, phase 3 trial. Lancet Oncol. 2014;15(7):689-99.
Thuss-Patience PC, Shah MA, Ohtsu A, Van Cutsem E, Ajani JA, Castro H,
Mansoor W, Chung HC, Bodoky G, Shitara K, Phillips GDL, van der Horst T,
Harle-Yge ML, Althaus BL, Kang YK. Trastuzumab emtansine versus taxane
use for previously treated HER2-positive locally advanced or metastatic
gastric or gastro-oesophageal junction adenocarcinoma (GATSBY): an
international randomised, open-label, adaptive, phase 2/3 study. Lancet
Oncol. 2017;18(5):640-53.

Chen SC, Kagedal M, Gao Y, Wang B, Harle-Yge ML, Girish S, Jin J, Li C.
Population pharmacokinetics of trastuzumab emtansine in previously
treated patients with HER2-positive advanced gastric cancer (AGC). Cancer
Chemother Pharmacol. 2017:80(6):1147-59.

Satoh T, Xu RH, Chung HC, Sun GP, Doi T, Xu JM, Tsuji A, Omuro Y, Li J,
Wang JW, Miwa H, Qin SK, Chung 1J, Yeh KH, Feng JF, Mukaiyama A,
Kobayashi M, Ohtsu A, Bang YJ. Lapatinib plus paclitaxel versus paclitaxel
alone in the second-line treatment of HER2-amplified advanced gastric
cancer in Asian populations: TyTAN--a randomized, phase IIl study. J Clin
Oncol. 2014;32(19):2039-49.

Akitaka Makiyama KS, Junji Kawada, Tomomi Kashiwada, Ayumu Hosokawa,
Yoshiki Horie, Hironaga Satake, Yoshiyuki Yamamoto, Hiroaki Tanioka,
Katsunori Shinozaki, Kazuhiro Nishikawa, Keita Uchino, Yasutaka Sukawa,
Takeharu Yamanaka, Kentaro Yamazaki, Shuichi Hironaka, Narikazu Boku,
Ichinosuke Hyodo, Taito Esak, Kei Muro A Randomized phase Il study of
weekly paclitaxel + trastuzumab in patients with HER2-positive advanced
gastric or gastro-esophageal junction cancer refractory to trastuzumab
combined with fluoropyrimidine and platinum: WJOG7112G (T-ACT). In:
ASCO Annual Meeting: 2018; Chicago,IL.

Cristescu R, Lee J, Nebozhyn M, Kim KM, Ting JC, Wong SS, Liu J, Yue YG,
Wang J, Yu K Ye XS, Do IG, Liu S, Gong L, Fu J, Jin JG, Choi MG, Sohn TS,
Lee JH, Bae JM, Kim ST, Park SH, Sohn I, Jung SH, Tan P, Chen R, Hardwick J,
Kang WK, Ayers M, Hongyue D, et al. Molecular analysis of gastric cancer
identifies subtypes associated with distinct clinical outcomes. Nat Med.
2015;21(5):449-56.

Comprehensive molecular characterization of gastric adenocarcinoma.
Nature. 2014;513(7517):202-9.

Lei Z, Tan 1B, Das K, Deng N, Zouridis H, Pattison S, Chua C, Feng Z, Guan
YK, Ooi CH, lvanova T, Zhang S, Lee M, Wu J, Ngo A, Manesh S, Tan E, Teh
BT, So JB, Goh LK, Boussioutas A, Lim TK, Flotow H, Tan P, Rozen SG.
Identification of molecular subtypes of gastric cancer with different
responses to PI3-kinase inhibitors and 5-fluorouracil. Gastroenterology. 2013;
145(3):554-65.

Albarello L, Pecciarini L, Doglioni C. HER2 testing in gastric cancer. Adv Anat
Pathol. 2011;18(1):53-9.

Klempner SJ, Chao J, Bailey M, Kim ST, He J, Lipson D, Ali SM, Miller VA, Ross
JS, Lee J, Schrock AB. Genomic alterations (GA) predicted to confer lack of
benefit from trastuzumab in advanced esophagogastric cancers (EGC):

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Page 12 of 13

analysis of 527 HER2-amplified (HER2amp) cases. J Clin Oncol. 2018;36(4_
suppl):44.

Janjigian YY, Sanchez-Vega F, Jonsson P, Chatila WK, Hechtman JF, Ku GY,
Riches JC, Tuvy Y, Kundra R, Bouvier N, Vakiani E, Gao J, Heins ZJ, Gross BE,
Kelsen DP, Zhang L, Strong VE, Schattner M, Gerdes H, Coit DG, Bains M,
Stadler ZK, Rusch VW, Jones DR, Molena D, Shia J, Robson ME, Capanu M,
Middha S, Zehir A, et al. Genetic predictors of response to systemic therapy
in esophagogastric cancer. Cancer Discov. 2018,8(1):49-58.

Ross DS, Zehir A, Cheng DT, Benayed R, Nafa K, Hechtman JF, Janjigian YY,
Weigelt B, Razavi P, Hyman DM, Baselga J, Berger MF, Ladanyi M, Arcila ME.
Next-generation assessment of human epidermal growth factor receptor 2
(ERBB2) amplification status: clinical validation in the context of a hybrid
capture-based, comprehensive solid tumor genomic profiling assay. J Mol
diagn. 2017;19(2):244-54.

Zill OA, Banks KC, Fairclough SR, Mortimer S, Vowles JV, Mokhtari R, Gandara
DR, Mack PC, Odegaard JI, Nagy RJ, Baca AM, Eltoukhy H, Chudova DI,
Lanman RB, Talasaz A. The landscape of actionable genomic alterations in
cell-free circulating tumor DNA from 21,807 advanced cancer patients. Clin
Cancer Res. 2018;24(15):3528-38.

Schrock AB, Pavlick D, Klempner SJ, Chung JH, Forcier B, Welsh A, Young L,
Leyland-Jones B, Bordoni R, Carvajal RD, Chao J, Kurzrock R, Sicklick JK, Ross
JS, Stephens PJ, Devoe C, Braiteh F, Ali SM, Miller VA. Hybrid capture-based
genomic profiling of circulating tumor DNA from patients with advanced
cancers of the gastrointestinal tract or anus. Clin Cancer Res. 2018;24(8):
1881-90.

Kim ST, Banks KC, Pectasides E, Kim SY, Kim K, Lanman RB, Talasaz A, An J,
Choi MG, Lee JH, Sohn TS, Bae JM, Kim S, Park SH, Park JO, Park YS, Lim HY,
Kim NKD, Park W, Lee H, Bass AJ, Kim K, Kang WK, Lee J. Impact of genomic
alterations on lapatinib treatment outcome and cell-free genomic
landscape during HER2 therapy in HER2+ gastric cancer patients. Ann
Oncol. 2018;29(4):1037-48.

Sukawa Y, Makiyama A, Esaki T, Hirano G, Komoda M, Kashiwada T, Kawada
J, Hosokawa A, Tsuda T, Tsuji A, Moriwaki T, Tanioka H, Yonesaka K, Nishio K,
Nosho K, Yamazaki K, Hironaka S, Boku N, Hyodo I, Muro K. Biomarker study
for trastuzumab continuation beyond progression in a randomized phase Il
trial of weekly paclitaxel+trastuzumab in patients with HER2-positive
advanced gastric or gastro-esophageal junction cancer refractory to
trastuzumab combined with fluoropyrimidine and platinum (WJOG7112G). J
Clin Oncol. 2018;36(15_suppl):4029.

Yu S, Liu Q, Han X, Qin S, Zhao W, Li A, Wu K. Development and clinical
application of anti-HER2 monoclonal and bispecific antibodies for cancer
treatment. Exp Hematol Oncol. 2017,6:31.

Iwata TN, Ishii C, Ishida S, Ogitani Y, Wada T, Agatsuma T. A HER2-targeting
antibody-drug conjugate, trastuzumab deruxtecan (DS-8201a), enhances
antitumor immunity in a mouse model. Mol Cancer Ther. 2018;17(7):1494-503.
Doi T, Shitara K, Naito Y, Shimomura A, Fujiwara Y, Yonemori K, Shimizu C,
Shimoi T, Kuboki Y, Matsubara N, Kitano A, Jikoh T, Lee C, Fujisaki Y, Ogitani
Y, Yver A, Tamura K. Safety, pharmacokinetics, and antitumour activity of
trastuzumab deruxtecan (DS-8201), a HER2-targeting antibody-drug
conjugate, in patients with advanced breast and gastric or gastro-
oesophageal tumours: a phase 1 dose-escalation study. Lancet Oncol. 2017;
18(11):1512-22.

Iwata H, Tamura K, Doi T, Tsurutani J, Modi S, Park H, Krop IE, Sagara Y,
Redfern CH, Murthy RK, Redman RA, Shitara K, Fujisaki Y, Sugihara M, Zhang
L, Shahidi J, Yver A, Takahashi S. Trastuzumab deruxtecan (DS-8201a) in
subjects with HER2-expressing solid tumors: long-term results of a large
phase 1 study with multiple expansion cohorts. J Clin Oncol. 2018;36(15_
suppl):2501.

Qgitani Y, Hagihara K, Oitate M, Naito H, Agatsuma T. Bystander killing effect
of DS-8201a, a novel anti-human epidermal growth factor receptor 2
antibody-drug conjugate, in tumors with human epidermal growth factor
receptor 2 heterogeneity. Cancer Sci. 2016;107(7):1039-46.

Oh DY, Lee KW, Cho JY, Kang WK, Im SA, Kim JW, Bang YJ. Phase Il trial of
dacomitinib in patients with HER2-positive gastric cancer. Gastric cancer :
official journal of the International Gastric Cancer Association and the
Japanese. Gastric Cancer Association. 2016;19(4):1095-103.

Suder A, Ang JE, Kyle F, Harris D, Rudman S, Kristeleit R, Solca F,
Uttenreuther-Fischer M, Pemberton K, Pelling K, Schnell D, de Bono J, Spicer
J. A phase | study of daily afatinib, an irreversible ErbB family blocker, in
combination with weekly paclitaxel in patients with advanced solid
tumours. Eur J Cancer (Oxford, England : 1990). 2015,51(16):2275-84.



Zhao et al. Journal of Hematology & Oncology

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

(2019) 12:50

Sanchez-Vega F, Hechtman JF, Castel P, Ku GY, Tuvy Y, Won H, Fong CJ,
Bouvier N, Nanjangud GJ, Soong J, Vakiani E, Schattner M, Kelsen DP,
Lefkowitz RA, Brown K, Lacouture ME, Capanu M, Mattar M, Qerigi B, Cecchi
F, Tian Y, Hembrough T, Nagy RJ, Lanman RB, Larson SM, Pandit-Taskar N,
Schoder H, lacobuzio-Donahue CA, lison DH, Weber WA, et al. EGFR and
MET amplifications determine response to HER2 inhibition in ERBB2-
amplified esophagogastric cancer. Cancer Discov. 2019;9(2):199-209.
Klempner SJ, Catenacci DVT. Variety is the spice of life, but maybe not in
gastroesophageal adenocarcinomas. Cancer Discov. 2019,9(2):166-8.

Martin M, Holmes FA, Ejlertsen B, Delaloge S, Moy B, Iwata H, von Minckwitz G,
Chia SKL, Mansi J, Barrios CH, Gnant M, Tomasevic Z, Denduluri N, Separovic R,
Gokmen E, Bashford A, Ruiz Borrego M, Kim SB, Jakobsen EH, Ciceniene A,
Inoue K, Overkamp F, Heijns JB, Armstrong AC, Link JS, Joy AA, Bryce R, Wong
A, Moran S, Yao B, et al. Neratinib after trastuzumab-based adjuvant therapy in
HER2-positive breast cancer (ExteNET): 5-year analysis of a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2017;18(12):1688-700.
Bang YJ, Giaccone G, Im SA, Oh DY, Bauer TM, Nordstrom JL, Li H, Chichili
GR, Moore PA, Hong S, Stewart SJ, Baughman JE, Lechleider RJ, Burris HA.
First-in-human phase 1 study of margetuximab (MGAH22), an Fc-modified
chimeric monoclonal antibody, in patients with HER2-positive advanced
solid tumors. Ann Oncol. 2017;28(4):855-61.

Catenacci DVT, Park H, Lockhart AC, Gold PJ, Enzinger PC, Nordstrom JL.
Phase 1b/2 study of margetuximab (M) plus pembrolizumab (P) in
advanced HER2+gastroesophageal junction (GEJ) or gastric (G)
adenocarcinoma (GEA). J Clin Oncol. 2018;36(4). https://ascopubs.org/doi/
abs/10.1200/JC0O.2017.35.15_suppl.1035.

Meric-Bernstam F, Beeram M, Blum MA, Hausman DF, Infante JR, Patnaik A,
Piha-Paul SA, Rasco DW, Rowse G, Thimmarayappa J, Tolcher AW, Hamilton
EP. Phase 1 dose escalation of ZW25, a HER2-targeted bispecific antibody, in
patients (pts) with HER2-expressing cancers. J Clin Oncol. 2017;35. https://
ascopubs.org/doi/abs/10.1200/JC0.2018.36.4_suppl.140.

Kara Moyes TB, Sean W, Smith HX, Setter B, Fan L-Q, Brunette R, Killebrew J,
Tan P, Coburn C, DuBose R, Baum P, Odegard V. A systemically
administered, conditionally active TLR8 agonist for the treatment of HER2-
expressing tumors. Georgia, USA: AACR; 2019.

Wolpoe ME, Lutz ER, Ercolini AM, Murata S, Ivie SE, Garrett ES, Emens LA, Jaffee
EM, Reilly RT. HER-2/neu-specific monoclonal antibodies collaborate with HER-
2/neu-targeted granulocyte macrophage colony-stimulating factor secreting
whole cell vaccination to augment CD8+ T cell effector function and tumor-
free survival in Her-2/neu-transgenic mice. J Immunol. 2003;171(4):2161-9.
Janjigian YY, Chou JF, Simmons M, Momtaz P, Sanchez-Vega F, Shcherba M, Ku
GY, Won E, Chong CR, Gerdes H, Kelsen DP, llson DH, Aljallad K, Segal MF,
Millang BM, Schultz N, Shah PM, Solit DB, Capanu M, Hechtman JF. First-line
pembrolizumab (P), trastuzumab (T), capecitabine (C) and oxaliplatin (O) in
HER2-positive metastatic esophagogastric adenocarcinoma (mEGA). J Clin
Oncol. 2019;37(4_suppl):62.

June CH, O'Connor RS, Kawalekar OU, Ghassemi S, Milone MC. CAR T cell
immunotherapy for human cancer. Science. 2018;359(6382):1361-5.
Morgan RA, Yang JC, Kitano M, Dudley ME, Laurencot CM, Rosenberg SA.
Case report of a serious adverse event following the administration of T
cells transduced with a chimeric antigen receptor recognizing ERBB2. Mol
Ther. 2010;18(4):843-51.

Ahmed N, Brawley VS, Hegde M, Robertson C, Ghazi A, Gerken C, Liu E,
Dakhova O, Ashoori A, Corder A, Gray T, Wu MF, Liu H, Hicks J,
Rainusso N, Dotti G, Mei Z, Grilley B, Gee A, Rooney CM, Brenner MK,
Heslop HE, Wels WS, Wang LL, Anderson P, Gottschalk S. Human
epidermal growth factor receptor 2 (HER2) -specific chimeric antigen
receptor-modified T cells for the immunotherapy of HER2-positive
sarcoma. J Clin Oncol. 2015;33(15):1688-96.

Catenacci DVT, Park H, Lockhart AC, Gold PJ, Enzinger PC, Nordstrom JL,
Hong S, Hochster HS, Kelly RJ, Uronis HE, Bendell JC, Oh SC, Park SH, Kim
YH, Kang Y-K, Lee K-W, Ng MC, Wigginton JM, Davidson-Moncada JK, Bang
Y-J. Phase 1b/2 study of margetuximab (M) plus pembrolizumab (P) in
advanced HER2+ gastroesophageal junction (GEJ) or gastric (G)
adenocarcinoma (GEA). J Clin Oncol. 2018;36(4_suppl):140.

Hyman DM, Piha-Paul SA, Won H, Rodon J, Saura C, Shapiro GI, Juric D,
Quinn DI, Moreno V, Doger B, Mayer IA, Boni V, Calvo E, Loi S, Lockhart AC,
Erinjeri JP, Scaltriti M, Ulaner GA, Patel J, Tang J, Beer H, Selcuklu SD,
Hanrahan AJ, Bouvier N, Melcer M, Murali R, Schram AM, Smyth LM, Jhaveri
K, Li BT, et al. HER kinase inhibition in patients with HER2- and HER3-mutant
cancers. Nature. 2018;554(7691):189-94.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.1035
https://ascopubs.org/doi/abs/10.1200/JCO.2017.35.15_suppl.1035
https://ascopubs.org/doi/abs/10.1200/JCO.2018.36.4_suppl.140
https://ascopubs.org/doi/abs/10.1200/JCO.2018.36.4_suppl.140

	Abstract
	Introduction
	Current recommendations for HER2 testing in gastroesophageal cancer
	First-line HER2-targeted trials
	Second-line HER2-targeted trials
	Tumor heterogeneity as a challenge for anti-HER2 therapy in gastroesophageal cancer
	Novel anti-HER2 agents and strategies under investigation
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

