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Simple Summary: More than ten years after the first publication of the results of the ToGA phase
III trial, active research avenues are exploring the role of novel agents targeting human epidermal
growth factor receptor 2 (HER2). Preliminary reports have highlighted promising activity for several
therapeutics, including the recently approved trastuzumab deruxtecan in pretreated GC patients.
Herein, we discuss novel therapeutic opportunities in this setting.

Abstract: Human epidermal growth factor receptor 2 (HER2) is overexpressed and/or amplified
in approximately 15–20% of gastric adenocarcinoma (GC) patients. In 2010, the landmark ToGA
trial established the combination of trastuzumab plus chemotherapy as the first-line standard of
care for HER2-positive GC patients with advanced disease. However, subsequent studies on HER2
targeted therapies in this setting failed to meet their primary endpoints, and not all HER2-positive
GC patients benefit from targeted approaches. More recently, novel HER2-directed treatments have
been investigated, including trastuzumab deruxtecan (T-Dxd); following the results of the DESTINY-
Gastric01 study, T-Dxd received its first U.S. Food and Drug Administration (FDA) approval on
15 January 2021 for the treatment of adults with unresectable, locally advanced, or metastatic GC
who have received a prior trastuzumab-based regimen. In this review, we discuss the current
HER2-targeted treatments for GC in the advanced disease setting, mainly focusing on emerging new
treatments and future research directions.
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1. Introduction

Gastric adenocarcinoma (GC) remains a global health problem, representing the fifth
most commonly diagnosed malignancy, the third leading cause of cancer-related death
worldwide, and accounting for more than one million cases annually [1]. Unfortunately,
many GC patients experience relapse following radical surgery or are diagnosed with
advanced disease, where systemic treatment represents the only therapeutic option with
palliative intent [2,3].

The last decade has registered the emerging of novel therapeutic targets in advanced
GC, including Programmed Cell Death 1 (PD-1) and HER2, and the subsequent introduc-
tion of immunotherapy and HER2 inhibitors in clinical practice following the results of
landmark clinical trials in this setting [4–6]. ERBB2 is the gene encoding HER2, with the lat-
ter that is commonly dysregulated in GC, as shown by several studies consistently showing
that HER2 mutations, fusions, amplifications, and other aberrations are a frequent finding
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in gastric and gastroesophageal (GEJ) cancers [7]. In addition, it is widely recognized that
HER2 expression varies according to the anatomical site of GC (fundus, pylorus, antrum,
etc.) and to the GC molecular subtype identified by The Cancer Genome Atlas (TCGA)
project [8]. Moreover, GCs and GEJ cancers with HER2 amplification are more commonly
moderately- or well-differentiated intestinal forms [9]. Overall, a proportion between 15%
and 20% of all GCs is deemed to express HER2; however, a key element to consider when
discussing HER2 assessment is the high degree of intratumoral heterogeneity in GC com-
pared to other solid tumors such as breast cancer [10]. As a matter of fact, staining patterns
may be different according to the tumor site and the type of specimen tested (surgical ver-
sus biopsy specimen, especially due to the reliability of staining patterns in small biopsies
compared to large tumor specimens) [11]; thus, specific guidelines have been formulated
for HER2 assessment in GC, with HER2-positive disease defined by different criteria on
the basis of the staining pattern of the surgical specimen (strong complete, basolateral, or
lateral membranous reactivity in ≥10% of tumor cells) or the biopsy specimen (tumor cell
cluster with strong complete, basolateral, or lateral membranous reactivity irrespective of
% of tumor cells stained) (Table 1) [12].

Table 1. Human epidermal growth factor receptor 2 (HER2) positivity in gastric cancer—according
to immunohistochemistry and different specimens (surgical versus biopsy staining pattern).

Score Surgical Specimen Staining Pattern Biopsy Specimen Staining Pattern HER2

0 No reactivity or membranous
reactivity in <10% of tumor cells

No reactivity or no membranous
reactivity in any tumor cell Negative

1+

Faint or barely perceptible
membranous reactivity in ≥10% of

tumor cells; cells are reactive only in
part of their membrane

Tumor cell cluster with faint or
barely perceptible membranous

reactivity irrespective of % of
tumor cells stained

Negative

2+
Weak to moderate complete,

basolateral or lateral membranous
reactivity in ≥10% of tumor cells

Tumor cell cluster with weak to
moderate complete, basolateral or

lateral membranous reactivity
irrespective of % of tumor cells

stained

Equivocal
(need ISH

testing)

3+
Strong complete, basolateral or

lateral membranous reactivity in
≥10% of tumor cells

Tumor cell cluster with strong
complete, basolateral or lateral

membranous reactivity irrespective
of % of tumor cells stained

Positive

Abbreviations: ISH: In Situ Hybridization.

In the last decade we have witnessed the development of an impressive number of
HER2 targeted therapies, with many of them being investigated in GC patients [13–15].
However, since the publication of the pivotal ToGA trial which established the combination
of fluoropyrimidine-cisplatin plus trastuzumab as the standard of care in treatment-naïve
patients with HER2-positive metastatic GC, a plethora of negative trials on HER2 targeted
therapies in GC patients have been presented or published [16]; in fact, the LOGiC, TyTAN,
JACOB, and GATSBY trials on lapatinib, pertuzumab, and trastuzumab emtansine (T-DM1)
failed to meet their primary endpoints [17–20] (Table 2). More recently, we have seen the
development of novel and promising HER2 targeted treatments as monotherapy or in
combination with other anticancer agents, some of which have already reported interesting
results in early-phase clinical trials [21].
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Table 2. Phase II and III randomized clinical trials evaluating HER2-directed treatments in gastric
cancer.

Study [Ref] Study Design Treatment Arm (A) Treatment Arm (B) Setting

ToGA [16]
Open-label,

international, phase III,
randomized

Trastuzumab +
CDDP + 5FU/Cape CDDP + 5FU/Cape First-line

LOGiC [17]
Double-blind,

international, phase III,
randomized

Lapatinib +
CapeOX Placebo + CapeOX First-line

TyTAN [18] Two-part, Asian,
parallel-group, phase III

Lapatinib +
paclitaxel Paclitaxel Second-line

GATSBY [19]
Open-label,

international, phase
II/III, randomized

T-DM1 Taxane Second-line

JACOB [20]
Double-blind,

international, phase III,
randomized

Pertuzumab +
trastuzumab +

CDDP + 5FU/Cape

Placebo +
trastuzumab +

CDDP + 5FU/Cape
First-line

WJOG7112G
(T-ACT Study) [22]

Open-label, Japanese,
phase II, randomized

Trastuzumab +
paclitaxel Paclitaxel Second-line

DESTINY-Gastric01
[23]

Open-label, Asian,
phase II, randomized

Trastuzumab
deruxtecan

Paclitaxel or
Irinotecan

Third-line
and

later-lines
Abbreviations: 5FU: 5-fluorouracil; Cape: capecitabine; CapeOX: capecitabine plus oxaliplatin; CDDP: cisplatin;
ref, reference; T-DM1: trastuzumab emtansine.

In this review, we present an overview regarding the state of the art of HER2-directed
treatments in advanced GC, especially focusing on recently published studies and on-
going clinical trials on novel HER2 targeted treatments. We performed a research on
Pubmed/Medline, Cochrane Library, and Scopus using the keywords “gastric cancer”
OR “gastric adenocarcinoma” OR “gastroesophageal cancer” AND “HER2” OR “human
epidermal growth factor receptor” OR “trastuzumab” OR “trastuzumab deruxtecan” OR
“margetuximab” OR “ZW25” OR “trastuzumab emtansine”. We selected pivotal regis-
tration studies. We also selected the most relevant and pertinent studies considering
the quality of the studies in terms of their applicability, how they were conducted, sta-
tistical analysis, number of patients enrolled, and outcomes. For ongoing clinical trials,
we searched in the clinicaltrials.gov database for recruiting and active, not recruiting tri-
als, using the following keywords: “gastric cancer” OR “gastric adenocarcinoma” OR
“gastroesophageal cancer” AND “HER2” OR “human epidermal growth factor receptor”
OR “trastuzumab” OR “trastuzumab deruxtecan” OR “margetuximab” OR “ZW25” OR
“trastuzumab emtansine”. We restricted our research to phase I, II, or III trials focused on
the metastatic/advanced setting.

2. Trastuzumab, the ToGA Trial and Resistance Mechanisms

More than ten years ago, the publication of the landmark ToGA trial ushered in a new
era in GC management, leading to the approval of the combination of chemotherapy plus
trastuzumab in the front-line setting of HER2-positive metastatic GC [16]. In this phase III,
randomized, open-label, multicenter study, 584 treatment-naïve HER2-positive GC patients
with advanced disease were randomly allocated to fluoropyrimidine (5-fluorouracil or
capecitabine at investigator’s discretion) plus cisplatin or to fluoropyrimidine-cisplatin
plus trastuzumab [16]; the results of the study showed a statistically significant OS benefit
in HER2-positive patients assigned to trastuzumab plus chemotherapy compared with
chemotherapy alone, with median OS of 13.8 months and 11.1 months, respectively (Hazard
Ratio [HR], 0.74; Confidence Interval [CI], 0.60–0.91; p = 0.0046) [16]. In addition, the ToGA
suggested that some subgroups of GC patients could derive greater advantage, with the
extent of the benefit related to the degree of HER2 expression or amplification [16]. In fact,
an exploratory post-hoc analysis focused on immunohistochemistry (IHC)2+/fluorescent
in situ hybridization (FISH)-positive or IHC3 + GCs, where the combination therapy with
trastuzumab reported a median OS of 16 months versus 11.8 months in the chemotherapy
group (HR, 0.68; 95% CI, 0.5–0.83) [24].
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Unfortunately, trastuzumab resistance represents a major obstacle in HER2-positive
patients as it inevitably occurs [25]. Despite some mechanisms being shared between
breast cancer and GC (e.g., the activation of downstream pathway, low levels of HER2
expression, etc.), several studies have suggested that there are other mechanisms of resis-
tance that are specifically involved in GC [26]. Among these, a number of reports have
highlighted that HER2 expression may be lost in GC patients following disease progression
on trastuzumab [27,28]. In addition, unlike breast cancer, several aberrations are able to
drive trastuzumab resistance in GC, including mutations in EGFR, MET, KRAS, PI3K, and
PTEN genes, as well as EGFR, MET, and KRAS amplifications [29].

The development and introduction of immune checkpoint inhibitors (ICIs) in GC has
spurred a growing interest in combination strategies including ICIs and HER2-targeted
treatments [30]. In fact, preclinical studies have suggested a synergistic activity for the
combinations including trastuzumab and PD-1 inhibitors, resulting in T-cell activation and
enhancing Antibody Dependent Cellular Phagocytosis (ADCC) in murine models [31]. In
a recent phase II trial, HER2-positive treatment-naïve patients receiving pembrolizumab,
trastuzumab, platinum and fluoropyrimidine reported interesting results, with a 91% of
response rate and median overall survival (OS) of 27.3 months [32]. Ongoing clinical trials
will probably shed further light on the role of this combination strategy, with the highly
awaited results of a phase III study of trastuzumab-chemotherapy plus pembrolizumab
versus trastuzumab-chemotherapy plus placebo in the front-line setting (NCT03615326).

3. Trastuzumab Deruxtecan

Trastuzumab deruxtecan (T-Dxd, or DS-8201a) is a second-generation antibody-drug
conjugate (ADC) with a DNA topoisomerase I inhibitor [33]. More specifically, T-Dxd
presents three different parts: the HER2 antibody, a tetrapeptide-based linker, and a
topoisomerase I inhibitor payload (Figure 1) [34]. Preclinical data showed that T-Dxd is
also effective in HER2-low tumors, as opposed to other HER2 inhibitors [35].

Figure 1. Schematic figure representing trastuzumab deruxtecan (T-Dxd). T-Dxd is composed of
an anti-HER2 antibody, a cleavable tetrapeptide-based linker, and deruxtecan—a topoisomerase I
inhibitor. The maleimide group in deruxtecan is delivered by the antibody.

Firstly, a phase I study conducted by Shitara and colleagues reported promising levels
of activity in 44 HER2-positive GC patients with advanced disease receiving T-Dxd at
a dose of 5.4 or 6.4 mg/kg (NCT02564900) [36]. In particular, the trial included highly
pretreated patients, with a median of three prior chemotherapy regimens; in this study, the
overall response rate (ORR) was 43.2%, with a median duration of response of 7 months,
and median progression-free survival (PFS) and overall survival (OS) of 5.6 months and
12.8 months, respectively.

More recently, the results of the DESTINY-Gastric01 study have been presented and
published (NCT03329690) [23]. In this open-label, multicenter, randomized phase II trial,
187 HER2-positive GC patients who had previously received at least two lines of treatment,
were enrolled in Korea and Japan [23]. Patients were randomly allocated to T-Dxd (n = 125)
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or to physician’s choice (n = 62), consisting of paclitaxel or irinotecan monotherapy [23].
The primary analysis of the DESTINY-Gastric01 included IHC 3+ or IHC 2+/ISH+ GC
patients whose disease progressed on a trastuzumab-containing regimen [23]. The ORR,
primary endpoint of the trial, was 51.3% (95% CI, 41.9–60.5) and 14.3% (95% CI, 6.4–26.2) in
the T-Dxd and the physician’s choice group, respectively, with a confirmed disease control
rate (DCR) of 85.7% in the experimental arm. In addition, the median confirmed duration
of response (DOR) was 11.3 months in patients treated with T-Dxd compared to 3.9 months
in the physician’s choice arm, and ten (8%) patients of the T-Dxd group achieved complete
response—versus none in the control arm [23]. OS and PFS were the secondary endpoints
of the DESTINY-Gastric01; T-Dxd reported an improvement in terms of median OS of
4.1 months, with median OS of 12.5 and 8.4 months in the T-Dxd and the physician’s choice
groups, respectively (HR, 0.59; CI, 0.39–0.88; p = 0.0097) [23]. Similarly, the median PFS
in the two groups was 5.6 months and 3.5 months, favoring the experimental treatment
(HR, 0.47; CI, 0.31–0.71). Although the DESTINY-Gastric01 has represented an important
step forward, the results of this phase II study have raised some controversies in the GC
medical community. In fact, the magnitude of benefit seemed pronounced in the IHC
3+ population while the ORR, PFS, and OS benefit was not confirmed in IHC 2+ or ISH-
positive GC patients, where a lower response rate was observed [23,37]. In addition, the
study presented limited ethnic diversity, with all patients enrolled in Asian countries;
lastly, the safety profile of T-Dxd needs to be considered, since the 10% of patients of the
experimental arm experienced interstitial lung disease, although most were defined as
grade II. As such, a careful risk-benefit assessment should be performed in presence of
underlying lung injury [23,37].

On 15 January 2021, the United States (U.S.) Food and Drug Administration (FDA) ap-
proved T-Dxd for adult patients with metastatic GC who have received a prior trastuzumab-
based regimen, with the agent representing the second HER2 targeted treatment approved
for HER2-positive GC. T-Dxd had previously been approved in Japan on 25 September
2020 with the same indications. Moreover, the efficacy and safety of T-Dxd is also un-
der evaluation in an ongoing phase II, open-label, single-arm trial in Western countries,
which is currently enrolling previously treated patients with advanced GC or GEJ cancers
(NCT04014075). In contrast to the DESTINY-Gastric01, the study requires the central confir-
mation of the HER2 status on new tissue sample; lastly, the trial has ORR as the primary
endpoint, based on an independent central review, and PFS and OS as secondary endpoints.

4. Margetuximab

Margetuximab is an Fc (fragment crystallizable region) engineered HER2-directed
monoclonal antibody with enhanced ADCC activity [38]; notably enough, promising
antitumor activity has been reported in early-phase clinical trials on HER2-positive cancer
patients, including low HER2-expressing GC [39]. In particular, the combination of the
PD-1 inhibitor pembrolizumab plus margetuximab has shown promising levels of activity
in a phase Ib-II trial in HER2-positive GCs and GEJ cancers, with an ORR of 35.7% and a
DCR of 67.9% in the HER2 3+ and PD-L1 positive patient population [40]. Based on this
biological rationale and this preliminary evidence, the combination of the PD-1 inhibitor
plus margetuximab seems to show a synergistic activity, with a favorable safety profile. This
preliminary evidence has supported further research in the same direction, as witnessed by
the ongoing MAHOGANY randomized, open-label phase II/III trial, comprising different
cohorts and parts. In fact, the first part of cohort A MAHOGANY aims at assessing
the ORR and the tolerability of the combination therapy of margetuximab plus the PD-1
inhibitor retifanlimab (MGA012) in HER2-positive (IHC 3+ or IHC 2+/FISH-positive)
GCs [39]; conversely, in cohort B patients with HER2-positive GC, regardless of the PD-L1
status, are randomized to receive (1) combination of chemotherapy plus trastuzumab, (2)
chemotherapy plus margetuximab, (3) chemotherapy plus margetuximab plus retifanlimab,
or (4) the PD-1 and LAG-3 inhibitor tebotelimab [39].
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5. ZW25, Tucatinib, and Other HER2-Targeted Agents

Another molecule under evaluation in this setting is the HER2-targeted bispecific anti-
body ZW25 which binds to two distinct HER2 epitopes (Figure 2) [41]. In preclinical studies,
ZW25 showed promising activity in HER2-positive cancer cells lines and in breast, gastric,
and ovarian CDX (Cell line-Derived Xenograft) and PDX (Patient-Derived Xenografts)
models [42]. In a phase I study evaluating ZW25 in HER2-positive solid tumors, four out
of nine GC/GEJ cancer patients achieved partial response (PR) [43]; in addition, ZW25 is
being evaluated in combination with different chemotherapeutic agents in treatment-naïve
HER2-positive patients.

Figure 2. Schematic structure of ZW25, presenting a unique binding geometry and mechanism of
action. ZW25 is a bispecific HER2-directed antibody able to bind two HER2 epitopes: the pertuzumab
binding domain ECD2 and the trastuzumab binding domain ECD4.

Besides the previously discussed agents, there are also some tyrosine kinase inhibitors
(TKIs) under assessment in HER2-positive disease. Among these, the second-generation
TKI tucatinib (ONT-380) has been suggested to be more potent than lapatinib with also
a more favorable safety profile [44]. Previous clinical trials evaluating tucatinib in breast
cancer have reported impressive results, especially in pretreated patients with brain metas-
tases [45]; moreover, this molecule has the potential to represent a promising therapeutic
option when combined with other anticancer agents, given the encouraging responses
observed in other malignancies—Including colorectal cancer [46]. To date, few data are
available in GC, where some clinical studies are evaluating this agent (NCT04430738,
NCT04499924).

Among the number of HER2-directed agents, there is a growing attention towards
MT-5111, an immunotoxin whose action is based on the use of a Shiga-like toxin to enter
into HER2-positive cells [47]; notably enough, preclinical reports have suggested that
MT-5111 could be combined safely with trastuzumab, and MT-5111 is being investigated
in breast cancer and GC patients [48].

6. Conclusions

For more than ten years trastuzumab has represented the only approved targeted
treatment for HER2-positive GC, with several phase II and III clinical trials evaluating
other HER2-targeted agents such as lapatinib, T-DM1, and pertuzumab failing to meet their
primary endpoints. However, T-Dxd has been recently approved by the US FDA, following
the results of the DESTINY-Gastric01 trial, and adding to available treatment options in this
setting. Several novel therapies are under investigation, including margetuximab, ZW25
and combination strategies including chemotherapy, HER2-targeted therapies, and PD-1.
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