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ABSTRACT

Introduction: Gastric cancer (GC) remains a major global health issue, ranking among the leading causes of cancer-related
deaths worldwide. Despite improvements in diagnostic methods, many patients are still diagnosed at an advanced stage. The
discovery of HER2 overexpression in approximately 15-20% of GC cases introduced targeted therapy into clinical practice.
The ToGA trial established trastuzumab combined with chemotherapy as the first-line treatment for HER2-positive advanced
GC, significantly improving survival.

Aim of the study: This review summarizes current knowledge about the epidemiology, clinical staging, and treatment
strategies for advanced gastric cancer, with particular focus on HER2-positive tumors. It also outlines the evolution of HER2-
targeted therapies and discusses novel agents and clinical trials that may shape future management.

Material and methods: The review was based on data collected from PubMed and Google Scholar using key terms: gastric
cancer, HER2-positive, chemotherapy, targeted therapy, immunotherapy, clinical trials, ToGA, T-DXd, ZW25, KN026.
Conclusion: GC is a complex and heterogeneous disease that requires accurate staging and individualized treatment
strategies. While traditional chemotherapy remains the foundation of care, the incorporation of targeted therapies and
immune checkpoint inhibitors has changed the treatment landscape. HER2 remains a critical biomarker, with newer agents
such as trastuzumab deruxtecan, zanidatamab, and KN026 showing promising results. Continued molecular profiling and
participation in clinical trials are essential for improving outcomes in HER2-positive GC patients.

KEYWORDS
Gastric Cancer, HER2, Trastuzumab, Targeted Therapy, Chemotherapy, Trastuzumab Deruxtecan, Zanidatamab, KN026
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Introduction

Gastric cancer (GC) remains a significant global health burden, ranking as the fifth most common
malignancy and the fourth leading cause of cancer-related death worldwide [1,2]. Its incidence varies
geographically, being highest in Eastern Asia and Eastern Europe, while lower rates are seen in Northern
Europe, North America, and Africa [2]. Despite improvements in early detection in some regions, many
patients are still diagnosed at advanced stages, leading to poor prognosis and limited treatment options [3].
Systemic chemotherapy has been the main treatment for metastatic gastric cancer (mGC), but with limited
efficacy and a median overall survival of approximately 12 months [3].

A major advancement in GC treatment was the identification of Human Epidermal Growth Factor
Receptor 2 (HER2) as a therapeutic target, present in about 15-20% of gastric and gastroesophageal junction
cancers. This led to the landmark ToGA trial, which demonstrated that adding trastuzumab, a monoclonal
antibody targeting HER2, to standard chemotherapy significantly improved survival in HER2-positive
advanced GC patients [4]. As a result, trastuzumab became the first approved targeted therapy for this subgroup,
transforming treatment paradigms [4].

For nearly a decade after ToGA, progress in HER2-targeted therapies remained stagnant. Recently,
however, new HER2-directed agents such as trastuzumab deruxtecan (T-DXd) have shown promising clinical
results [5]. Additionally, the emergence of immune checkpoint inhibitors, notably anti-PD-1 antibodies, has
improved survival in certain GC patient subsets, including those with MSI-H/dMMR tumors [5]. These
developments emphasize the growing role of molecular profiling in guiding individualized treatment.

This review highlights the development of HER2-targeted therapies in gastric cancer, focusing on the
pivotal role of trastuzumab and the ToGA trial, while discussing emerging therapies and future directions in
managing HER2-positive disease.
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Methodology

This narrative review synthesizes current evidence on the epidemiology, clinical staging, and therapeutic
strategies for HER2-positive gastric cancer, with a focus on the role of trastuzumab and emerging HER2-
targeted therapies. The review was conducted in accordance with the PRISMA 2020 guidelines. A structured
literature search was performed in PubMed and Google Scholar databases, covering the years 20102025,
using combinations of terms such as “gastric cancer,” “HER2-positive,” ‘“‘chemotherapy,” “trastuzumab,”
“targeted therapy,” “immunotherapy,” ‘‘clinical trials,” “ToGA,” “trastuzumab deruxtecan (T-DXd),”
“zanidatamab (ZW25),” and “KN026.” Boolean operators and database-specific syntax were applied to refine
the search.

Eligibility criteria were restricted to peer-reviewed, full-text articles published in English, with priority
given to systematic reviews, meta-analyses, randomized controlled trials (RCTs), and pivotal clinical trials.
Additional studies were identified through reference and citation tracking.

A total of studies was selected based on relevance, methodological rigor, and contribution to the
thematic scope of the review. Data were manually extracted and thematically categorized into domains such
as chemotherapy backbones, HER2-targeted therapy, immunotherapy integration, and novel antibody-drug
conjugates. Emphasis was placed on clinical outcomes including overall survival, progression-free survival,
response rates, safety profiles, and treatment sequencing strategies

Results

Staging of gastric cancer (GC) plays a crucial role in selecting appropriate treatment and assessing
prognosis. Currently, the TNM system developed by the American Joint Committee on Cancer (AJCC) is
widely used. In the latest, 8th edition, several significant modifications have been introduced compared to
previous versions [6,7]. First and foremost, the N3 group has been subdivided into N3a (7—15 involved nodes)
and N3b (>15 nodes), which better reflects prognosis. Definitions of gastroesophageal junction (GEJ) tumors
have also been clarified, indicating which should be classified according to esophageal and which according
to gastric staging. Additionally, differences in pathological and clinical assessment depending on the type of
treatment applied have been incorporated [6,7].

Accurate staging is possible through various imaging techniques, such as endoscopic ultrasonography
(EUS), computed tomography (CT), magnetic resonance imaging (MRI), positron emission tomography (PET-
CT), and diagnostic laparoscopy. EUS is particularly effective in early stages, while PET-CT and laparoscopy
are useful in detecting distant metastases, especially to the peritoneal cavity [6,10].

In clinical practice, verification of tumor resectability is essential. Tumors considered resectable include
cases without invasion of critical adjacent structures (T 1-T4a), absence of distant metastases (MO0), and limited
lymph node involvement (NO—N3b). Tumors deemed unresectable involve extensive invasion of the pancreas,
major vessels, peritoneal metastases, or presence of distant metastases (M1) [6,8].

In the TNM classification, gastric cancer stage is defined based on depth of invasion into the gastric
wall, number of involved lymph nodes, and presence of distant metastases. Stage 0 (carcinoma in situ) indicates
presence of atypical cells limited to the mucosa. Stage I includes early forms of cancer confined to mucosal
and muscular layers with limited lymph node involvement. Stage II indicates further progression, with deeper
wall invasion and increasing number of involved lymph nodes. Stage I1I is characterized by deep invasion of
the gastric wall, extensive lymph node involvement, and potential invasion of adjacent organs. Stage IV is
defined by presence of distant metastases involving the liver, lungs, peritoneum, and distant lymph nodes [9].

Only after such staging can treatment be properly planned—whether the patient should proceed directly
to surgery, receive neoadjuvant therapy first, or require palliative care [8].

Molecular diagnostics are playing an increasingly important role in planning therapeutic strategies. The
assessment of biomarkers such as microsatellite instability (MSI), HER2 overexpression, and Epstein-Barr
virus (EBV) presence provides additional prognostic and predictive information, allowing for more precise
selection of targeted therapies [6,10].
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Tabel 1. Stages of gastric cancer and clinical description

Stage Clinical description
. L Atypical cells confined to the mucosa, without invasion
0 (carcinoma in situ)
of deeper layers.
A Invasion into mucosa or submucosa, no lymph node
involvement.
Invasion into submucosa with 1-2 lymph nodes involved
1B or invasion into muscularis propria without lymph node
involvement.
Invasion of the gastric wall with 3—6 lymph nodes
ITA involved, or invasion into subserosa without lymph node
involvement.
B Involvement of 7—15 lymph nodes or invasion into
serosa.
Deep wall invasion, involvement of 7—15 lymph nodes,
1A SR . .
possible invasion of adjacent structures.
Advanced serosal involvement and numerous lymph
11IB )
nodes involved.
HIC Wall invasion with more than 16 lymph nodes involved
and/or multi-organ invasion.
Presence of distant metastases (liver, lungs, peritoneum,
v .
distant lymph nodes).
Treatment
Chemotherapy of GC

Chemotherapy plays a crucial role in the treatment of advanced gastric cancer. Systemic therapy
primarily uses cytotoxic agents such as fluoropyrimidines, platinum compounds, taxanes, and irinotecan [11].
The most commonly employed first-line strategy is the combination of a fluoropyrimidine (fluorouracil,
capecitabine, or S-1) with platinum compounds. Oxaliplatin demonstrates comparable efficacy to cisplatin and
often has a better tolerability profile [11,12].

The phase III SOX-GC trial showed that the SOX regimen (S-1 plus oxaliplatin) led to improved
survival outcomes compared with the traditional SP regimen (S-1 plus cisplatin) in patients with diffuse or
mixed-type gastric cancer [12]. For patients for whom full-dose chemotherapy would be too toxic (due to age
or reduced performance status), the phase III GO2 study demonstrated that reducing the dose of a doublet
regimen to 60% of the standard allowed preservation of efficacy with improved tolerability [13].

In second-line therapy following first-line failure, taxanes (paclitaxel, docetaxel) and irinotecan are
widely used. The phase III ABSOLUTE study conducted in Japan demonstrated that weekly administration of
nanoparticle albumin-bound paclitaxel (nab-paclitaxel) was non-inferior in efficacy compared to traditional
solvent-based paclitaxel, with a more favorable safety profile [12].

In third-line treatment, the oral cytotoxic agent trifluridine-tipiracil (TAS-102) has been employed. The
phase III TAGS trial showed that TAS-102 significantly prolonged overall survival compared with placebo
[15]. These findings reinforce TAS-102 as an effective option in subsequent lines of therapy for advanced
gastric cancer [13].

Molecular Biomarkers of Immunotherapy in GC

In recent years, growing understanding of the molecular basis of gastric cancer (GC) has led to the
increasing use of targeted therapies tailored to the biological features of the tumor. Several key signaling
pathways have been identified as playing important roles in the development and progression of the disease.
These include alterations involving the TP53 gene, activation of PI3K, immune mechanisms regulated by
checkpoints, and pathways associated with cell adhesion. Particular significance has been attributed to systems
related to the EGFR/HER?2 receptor family and angiogenesis controlled by VEGF and its receptors. The EGFR
(HER1), HER2, HER3, and HER4 proteins belong to receptor tyrosine kinases that, upon activation, initiate
signaling cascades promoting oncogenic transformation. Their overexpression is often associated with more
aggressive disease and poorer prognosis. Agents targeting these receptors, such as cetuximab, panitumumab,
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and the novel anti-EGFR antibody GC1118, have demonstrated activity in inhibiting tumor cell growth and
migration [14].

Despite FDA approval of several molecularly targeted therapies and immunomodulatory drugs, the
precise role of these signaling pathways and their interactions with environmental risk factors remain
incompletely understood [15]. Given the high complexity of tumor biology, single therapeutic targets may not
yield the desired clinical outcomes. To date, most attention has been devoted to therapies targeting HER2,
which have shown efficacy in a subset of patients [1].

HER- 2 positive

HER2-positive GC accounts for approximately 15-20% of all cases. Diagnosis is based on an
immunohistochemistry (IHC) score of 3+ or 2+ combined with confirmation of gene amplification via
fluorescence in situ hybridization (FISH). Confirmation is necessary due to the heterogeneity of HER2
expression in gastric cancer. Studies have shown significant variability in HER2 levels both within tumors and
between primary and metastatic sites, which may lead to misclassification for targeted therapy. Additionally,
some patients lose HER2 expression after trastuzumab treatment, limiting further therapeutic efficacy.
Therefore, reassessment of HER2 status upon disease progression is recommended [17,18].

The groundbreaking phase III ToGA trial demonstrated that combining trastuzumab with chemotherapy
provided therapeutic benefits and is now the standard first-line treatment in advanced HER2-positive gastric
cancer [16]. Trastuzumab is a humanized monoclonal antibody binding domain 4 of the HER2 receptor
extracellular fragment, thereby blocking intracellular signaling activation and inhibiting tumor cell
proliferation. Trastuzumab is administered with cisplatin, capecitabine, or 5-fluorouracil (5-FU). The most
common adverse effects are heart failure (up to 4.1%), infusion-related reactions such as fever and chills (40—
50%), nausea (21%), and rash (7%).

Margetuximab is a next-generation monoclonal antibody against HER2 designed with Fc fragment
modification, allowing more effective binding to activating FcyRIlla (CD16A) receptor regardless of
polymorphism. This enhances recruitment of NK cells, macrophages, and monocytes, resulting in stronger
antibody-dependent cellular cytotoxicity (ADCC), making this drug a promising option particularly in patients
with limited response to trastuzumab [19].

Zanidatamab (ZW25) is a next-generation bispecific monoclonal antibody simultaneously binding two
external HER2 receptor domains (II and 1V), enabling more effective blockade of proliferative signaling in
tumor cells. Early phase I and II clinical trials showed good tolerability and high antitumor activity, including
in patients previously treated with anti-HER2 therapy. Ongoing advanced phase Il HERIZON-GEA-01 trials
are evaluating zanidatamab with chemotherapy =+ tislelizumab in first-line treatment of metastatic HER2-
positive gastric and gastroesophageal junction adenocarcinoma. While final results are pending, current data
indicate a potentially promising clinical profile [20].

KN026 is an innovative bispecific antibody binding two different HER2 receptor epitopes—those
targeted by trastuzumab (ECD IV) and pertuzumab (ECD II)—enabling simultaneous mimicry of both
therapies. Phase II clinical trials showed an objective response rate (ORR) of 56% in patients with metastatic
HER2-positive gastric or gastroesophageal junction adenocarcinoma. Currently, phase II/III trial KN026-001
is evaluating survival benefit of adding KN026 to standard chemotherapy after progression on trastuzumab,
which could introduce a new effective strategy for patients resistant to existing therapies [21].

Trastuzumab deruxtecan (T-DXd) is a modern form of targeted therapy in the form of an antibody-
drug conjugate demonstrating high efficacy in treating advanced HER2-overexpressing gastric cancer. The
drug’s mechanism involves linking an anti-HER2 antibody with a topoisomerase I inhibitor via a specialized
peptide linker, allowing selective release of the cytotoxic agent within the tumor. A characteristic feature of
T-DXd is the so-called bystander effect, enabling the elimination of cancer cells with low or absent HER2
expression, representing a significant advantage over earlier agents such as T-DM1 [23].

In the DESTINY-GastricOl clinical trial conducted in Asia, T-DXd treatment was associated with
significant improvement in response rate and overall survival compared to standard chemotherapy in patients
whose prior trastuzumab-based therapies had failed. The efficacy of this approach was also confirmed in the
DESTINY -Gastric02 trial involving patients from Western countries. In this analysis, T-DXd used as second-
line treatment yielded favorable results in disease control and progression-free survival [22].

Moreover, exploratory analyses indicate potential application of the drug in patients with so-called low
HER?2 expression, which may significantly expand the population benefiting from therapy. Currently, ongoing
phase I trials (DESTINY -Gastric03 and Gastric04) aim to further assess T-DXd efficacy in first- and second-
line treatment. Existing data suggest this drug could play an important role in transforming treatment
paradigms for HER2-positive gastrointestinal cancers in the future [24].
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Summary

Gastric cancer (GC) remains a significant global health challenge, ranking among the five most common
cancers and four leading causes of cancer-related mortality. Due to frequent diagnosis at advanced stages,
patient prognosis is generally poor. Accurate staging is crucial in guiding therapeutic decisions. For advanced
GC, chemotherapy based on fluoropyrimidines and platinum compounds forms the cornerstone of treatment.
Upon progression, taxanes, irinotecan, or trifluridine-tipiracil are commonly used. Molecular diagnostics,
including assessment of HER2, MSI, and EBV status, are playing an increasingly important role, enabling
selection of targeted therapies and immunotherapies.

Approximately 15-20% of GC cases exhibit HER2 overexpression. The landmark ToGA trial
demonstrated therapeutic benefit of combining trastuzumab with chemotherapy, establishing a new standard
of care for HER2-positive GC. Newer HER2-targeted agents, such as trastuzumab deruxtecan (T-DXd), are
now being developed, demonstrating activity even in populations with low HER2 levels. DESTINY -Gastric
studies confirm the efficacy of T-DXd, making it a promising therapeutic option in subsequent lines of
treatment.
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