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Abstract

Background: Background: Gastric carcinoma remains a major cause of cancer-related mortality worldwide, largely because many patients
present at advanced stage and because the disease comprises biologically diverse tumor entities with different pathways of carcinogenesis and
treatment responsiveness. While histomorphology remains the foundation for diagnosis and classification, it does not fully capture the
molecular heterogeneity of gastric cancer or reliably predict prognosis and therapeutic benefit. In this context, immunohistochemistry (IHC)
has become an essential component of contemporary gastric cancer pathology. IHC supports accurate diagnostic subtyping in limited biopsy
material, assists in resolving challenging differentials, and offers practical surrogates for molecular alterations that have direct clinical
implications. The modern era of gastric cancer management increasingly relies on integrated pathology reporting that combines morphology
with biomarkers relevant to risk assessment, stratification of patients, and selection of targeted or immune-based therapies.

Aim: This review summarizes the evidence-based role of immunohistochemistry in gastric carcinoma with emphasis on three major domains:
(1) diagnostic subtyping and problem-solving in routine surgical pathology, (2) prognostic stratification through immunophenotypic and tumor
microenvironment profiling, and (3) predictive biomarker assessment that guides therapeutic decision-making. The review also highlights key
technical considerations, interpretation pitfalls, and the clinical value of structured IHC-based algorithms in both biopsy and resection
specimens.

Conclusion: Immunohistochemistry is central to the modern pathological evaluation of gastric carcinoma, enabling clinically meaningful
classification beyond morphology alone. When applied thoughtfully and interpreted in conjunction with histologic context and awareness of
pre-analytical and biological variability, IHC improves diagnostic confidence, refines prognostic assessment, and identifies predictive
biomarker-defined subgroups that may benefit from precision therapies. A standardized, evidence-based approach to marker selection and
reporting—Ilinked to molecular subtypes and treatment pathways—strengthens the role of pathology in multidisciplinary gastric cancer care

and supports individualized patient management.
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Introduction
Gastric carcinoma remains one of the most important malignancies worldwide, representing a major
cause of cancer-related morbidity and mortality. Despite a gradual decline in incidence over recent
decades, gastric cancer is currently ranked as the fifth most frequently diagnosed malignancy and the
fourth leading cause of cancer-related death globally, underscoring its aggressive nature and poor overall
prognosis [1,2]. The high mortality rate is largely attributable to late-stage diagnosis, marked biological
heterogeneity, and limited effectiveness of conventional therapeutic strategies in advanced disease [3].
The global distribution of gastric carcinoma demonstrates striking geographic variability. The highest
incidence rates are observed in East Asia, particularly in Japan, Korea, and China, followed by Eastern
Europe and parts of Latin America, which together account for more than 60% of global cases [2,4]. In
contrast, gastric cancer is relatively uncommon in Africa and North America. Nevertheless, survival
outcomes differ markedly between regions; for example, Japan reports five-year survival rates
exceeding 90% due to population-based screening and early detection programs, whereas survival in
many Western countries remains below 30% [1,5]. These disparities highlight the critical role of early
diagnosis and optimized pathological assessment in improving patient outcomes.
Gastric carcinoma is a multifactorial disease arising from a complex interaction between environmental
exposures, infectious agents, and host-related genetic susceptibility. Established environmental and
lifestyle-related risk factors include Helicobacter pylori infection, high dietary salt intake, consumption
of processed and smoked foods, tobacco smoking, alcohol use, and obesity [3,6]. Among these, H. pylori
infection represents the most significant etiological factor and has been classified as a class I carcinogen
by the World Health Organization. It is implicated in approximately 80-90% of non-cardia gastric
carcinomas worldwide through the induction of chronic inflammation and progressive mucosal damage
[7,8].
From a pathological standpoint, gastric carcinogenesis is widely understood as a stepwise process
involving well-defined precursor lesions. This progression, commonly described as the Correa cascade,
begins with chronic gastritis and advances through chronic atrophic gastritis, intestinal metaplasia,
dysplasia, and ultimately invasive adenocarcinoma [9,10]. Accurate identification and grading of these
premalignant lesions are central to risk stratification, surveillance strategies, and cancer prevention.
However, significant histological overlap and interobserver variability persist, particularly in small
biopsy specimens, limiting the reliability of morphology alone in clinical decision-making [10,11].

Histologically, gastric carcinoma encompasses a broad spectrum of morphologic patterns that reflect
underlying biological diversity. The Lauren classification remains widely used, dividing tumors into
intestinal, diffuse, and mixed types, each associated with distinct etiologic pathways, molecular
alterations, and clinical behavior [12]. Complementing this system, the World Health Organization
classification provides a more detailed histological framework, incorporating poorly cohesive
carcinoma, mucinous adenocarcinoma, and several rare variants with unique prognostic and therapeutic
implications [13]. While histomorphology remains the cornerstone of diagnosis, it is increasingly
evident that morphology alone is insufficient to capture the biological complexity of gastric cancer.
Advances in molecular pathology have further refined the understanding of gastric carcinoma
heterogeneity. Large-scale genomic studies have identified reproducible molecular subtypes with
distinct clinicopathological features, prognostic implications, and therapeutic relevance. These
molecular classifications have emphasized the importance of integrating traditional histopathology with
ancillary testing to provide clinically actionable information [14,15]. However, comprehensive
molecular testing is not universally available and may be limited by cost, infrastructure, and tissue
availability.

In this context, immunohistochemistry (IHC) has emerged as an indispensable tool in routine gastric
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cancer pathology. IHC provides practical, widely accessible surrogates for underlying molecular
alterations and plays a critical role in diagnostic subtyping, prognostic stratification, and predictive
biomarker assessment. It aids in resolving morphologically ambiguous cases, supports tumor
classification in limited biopsy material, and identifies clinically relevant subgroups that may benefit
from targeted or immune-based therapies [16,17]. Moreover, IHC allows evaluation of tumor
differentiation, proliferative activity, and features of the tumor microenvironment, all of which
contribute to risk assessment and therapeutic planning.

Despite its widespread use, the application of immunohistochemistry in gastric carcinoma is associated
with several challenges, including tumor heterogeneity, variability in staining protocols, lack of
universal scoring systems for certain biomarkers, and discrepancies between biopsy and resection
specimens [16]. These limitations underscore the need for an evidence-based, pathology-oriented
framework for IHC marker selection and interpretation.

Accordingly, this review aims to comprehensively evaluate the role of immunohistochemistry in gastric
carcinoma, focusing on its utility in diagnostic subtyping, prognostic stratification, and predictive
biomarker identification. By synthesizing current evidence from the literature and integrating
histopathological, immunophenotypic, and molecular perspectives, this article seeks to provide a
practical reference for pathologists and clinicians involved in the multidisciplinary management of
gastric cancer.

Normal Gastric Histology and Epithelial Homeostasis: Pathological Foundations for
Immunohistochemical Interpretation

Accurate interpretation of immunohistochemical findings in gastric carcinoma requires a solid
understanding of normal gastric anatomy, histology, and epithelial differentiation. The stomach is
anatomically divided into the cardia, fundus, body (corpus), antrum, and pylorus, each characterized by
distinct glandular compositions and cellular lineages [18,19]. These regional differences are not only
relevant for routine histopathological evaluation but also critically influence immunophenotypic
expression patterns observed in both non-neoplastic and neoplastic gastric tissues.

Histologically, the gastric mucosa is composed of surface foveolar epithelium and underlying glands
embedded within the lamina propria. In the fundus and corpus, oxyntic glands predominate and contain
parietal cells, chief cells, mucous neck cells, and scattered enteroendocrine cells, whereas the antral
mucosa is characterized by mucous glands with fewer parietal and chief cells [18-20]. These normal
cellular constituents exhibit distinct immunohistochemical profiles, which must be recognized to avoid
misinterpretation when evaluating gastric biopsies, particularly in the context of atrophic or metaplastic
change.

Gastric epithelial homeostasis is maintained through a tightly regulated process of cellular renewal driven
by stem and progenitor cell populations located primarily within the isthmus and neck regions of the gastric
glands [21,22]. These stem cells give rise to multiple epithelial lineages that migrate bidirectionally toward
the surface epithelium or deeper glandular compartments. Disruption of this regenerative balance, often
through chronic inflammation or genetic alterations, contributes to aberrant differentiation patterns that
can be detected immunohistochemically and may precede overt neoplastic transformation [21].

From a pathological perspective, chronic injury to the gastric mucosa—most commonly mediated by
Helicobacter pylori infection or autoimmune mechanisms—Ileads to progressive architectural distortion
and loss of specialized glandular cells [23,24]. This process culminates in chronic atrophic gastritis, a
recognized precursor condition for gastric carcinoma. Histologically, atrophic gastritis is characterized by
glandular loss, replacement by fibrous tissue or metaplastic epithelium, and variable inflammatory
infiltrates, all of which alter the baseline immunophenotype of the gastric mucosa [25].

Intestinal metaplasia represents a critical intermediate stage in gastric carcinogenesis and is defined by the
replacement of native gastric epithelium with intestinal-type cells expressing absorptive, goblet, and
Paneth cell differentiation [26]. This metaplastic transformation is of particular importance to pathologists
because it introduces immunohistochemical expression patterns that resemble intestinal epithelium,
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potentially confounding the interpretation of tumor origin and differentiation in biopsy material [27].
Subclassification of intestinal metaplasia into complete and incomplete types has prognostic significance,
with incomplete metaplasia associated with a higher risk of progression to dysplasia and carcinoma [28].
Dysplasia of the gastric epithelium represents the final preinvasive stage in the multistep model of gastric
carcinogenesis. It is characterized by cytologic atypia, architectural complexity, and loss of normal
maturation. From an immunohistochemical standpoint, dysplastic lesions often show altered expression
of markers related to proliferation, differentiation, and cellular polarity, changes that may overlap with
those observed in early invasive carcinoma [29,30]. This overlap underscores the importance of correlating
immunohistochemical findings with architectural and cytologic features rather than relying on biomarker
expression in isolation.

Understanding normal gastric histology and its spectrum of non-neoplastic alterations is therefore essential
for the rational application of immunohistochemistry in gastric carcinoma. Baseline knowledge of regional
glandular differentiation, stem cell dynamics, and precursor lesion morphology provides the necessary
framework for interpreting immunophenotypic changes associated with neoplastic transformation.
Without this foundation, immunohistochemical results risk being misapplied or overinterpreted,
particularly in limited biopsy specimens and inflamed or atrophic mucosa.
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Figure 1: Normal gastric wall showing mucosa, submucosa, muscularis propria, and serosa. Adapted from McHugh KE,
Pathology Outlines, 2025.
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Figure2: Histopathological image of AIG. Lymphocytic infiltration is seen in the deep layer of the lamina propria retrieved
from Wang et al.,2021
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Fig3: A: Simple type chronic atrophic gastritis—only thinning mucosal and gland atrophy, no glandular hyperplasia or
heterotypic and intestinal metaplasia. B: Hyperplasia type chronic atrophic gastritis—inherent layer atrophy accompanied by
glandular hyperplasia, mainly quantitative, with no epithelial atypical hyperplasia. C: Intestinal metaplasia type chronic atrophic
gastritis—intrinsic glandular atrophy accompanied by intestinal metaplasia, mainly small intestinal epithelial metaplasia. D:

Intraepithelial neoplasia type chronic atrophic gastritis—inherent layer atrophy with high grade intraepithelial neoplasia
retrieved from Wang et al.,2021
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Flgure 4:(A) GIM, complete type, with stralght crypt archltecture well-developed goblet cells, eosinophilic enterocytes with
brush border (arrow), and Paneth cells at the crypt base (arrowheads). Wang et al.,2021

Gastric Carcinoma Classification: Morphologic and Molecular Context for Immunohistochemistry
Gastric carcinoma represents a heterogeneous group of malignant epithelial tumors with diverse
histological appearances, biological behaviors, and clinical outcomes. Accurate classification is therefore
fundamental to diagnosis, prognostication, and therapeutic decision-making. Traditionally, gastric
carcinoma classification has relied on histomorphological assessment, which remains the cornerstone of
pathological evaluation. However, advances in molecular pathology have revealed substantial
heterogeneity within morphologically defined categories, emphasizing the need for integrated
classification systems that combine morphology with immunohistochemical and molecular features
[31,32].

The Lauren classification remains one of the most widely used histological systems and divides gastric
carcinoma into intestinal, diffuse, and mixed types. Intestinal-type gastric carcinoma is characterized by
gland-forming architecture resembling intestinal epithelium and is commonly associated with chronic
gastritis, intestinal metaplasia, and environmental risk factors. In contrast, diffuse-type carcinoma is
composed of poorly cohesive cells, often including signet ring cells, and lacks glandular formation. This
subtype is frequently associated with genetic susceptibility and demonstrates more aggressive behavior
with early infiltration and poor prognosis [33,34]. Mixed-type carcinomas exhibit overlapping features of
both categories and further illustrate the biological continuum of gastric cancer.

While the Lauren system provides valuable clinicopathological correlations, it does not fully capture the
diversity of gastric carcinoma subtypes encountered in routine practice. The World Health Organization
(WHO) classification offers a more detailed histological framework, recognizing tubular, papillary,
mucinous, and poorly cohesive carcinomas, as well as several rare variants such as gastric carcinoma with
lymphoid stroma, hepatoid adenocarcinoma, adenosquamous carcinoma, and fundic gland-type
adenocarcinoma [35,36]. These entities differ markedly in prognosis and molecular characteristics,
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underscoring the importance of precise histological categorization.

From a prognostic standpoint, certain histological subtypes are associated with distinct clinical outcomes.
Poorly cohesive carcinoma, particularly when enriched in signet ring cells, is often associated with
advanced stage at presentation, peritoneal dissemination, and resistance to conventional chemotherapy
[37,38]. Conversely, gastric carcinoma with lymphoid stroma, frequently associated with Epstein—Barr
virus infection, tends to exhibit a more favorable prognosis and distinct immune-rich tumor
microenvironment [39,40]. Recognition of these subtypes has direct implications for patient stratification
and therapeutic planning.

Large-scale molecular studies have further refined gastric carcinoma classification. The Cancer Genome
Atlas (TCGA) identified four major molecular subtypes: Epstein—Barr virus—positive tumors,
microsatellite instability (MSI) tumors, genomically stable tumors, and chromosomal instability tumors
[41]. Independently, the Asian Cancer Research Group (ACRG) proposed a related but distinct molecular
classification that also demonstrated strong prognostic associations [42]. These molecular frameworks
have highlighted biological pathways underlying tumor behavior, including immune activation, DNA
repair deficiency, epithelial-mesenchymal transition, and chromosomal instability.

Importantly, these molecular subtypes show partial but incomplete overlap with traditional histological
classifications. For example, diffuse-type carcinomas are frequently associated with the genomically stable
subtype, whereas intestinal-type tumors are more often linked to chromosomal instability [41-43]. This
imperfect concordance reinforces the limitations of morphology alone and supports the use of ancillary
techniques, particularly immunohistochemistry, to bridge histological and molecular classification
systems.

Immunohistochemistry plays a critical intermediary role between morphology and molecular profiling. It
enables identification of molecularly defined subgroups using surrogate markers that are widely available
in routine pathology laboratories. Through targeted immunohistochemical panels, pathologists can
approximate molecular subtypes, assess tumor differentiation pathways, and provide clinically actionable
information even when comprehensive genomic testing is not feasible [44,45]. Thus,
immunohistochemistry serves as a practical extension of classification systems, translating complex
molecular insights into everyday diagnostic practice.

In summary, gastric carcinoma classification has evolved from purely morphologic systems to
multidimensional frameworks incorporating molecular and immunophenotypic data. Understanding the
strengths and limitations of each classification approach is essential for the rational application of
immunohistochemistry. In the following sections, the diagnostic, prognostic, and predictive roles of
immunohistochemistry in gastric carcinoma will be discussed in detail within this integrated classification
context.
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Figure 5: Intestmal type gastmc carcinoma (N eoplast1c prohferatlon composed of epithelial cells with 1ntest1na1 appearance
forming glands 'It corresponds to the well dlfferentlated tubular subtype of the WHO classification (Martlnez 2025).
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surrounded by an intense desmoplastic reaction). In this case, the neoplastic cells are small and show a variable amount of

eosinophilic cytoplasm (with no signet ring cell morphology) corresponding to the poorly cohesive, NOS subtype of the WHO
classification (Martinez,2025)

Diagnostic Role of Immunohistochemistry in Gastric Carcinoma

Immunohistochemistry (IHC) plays a pivotal role in the diagnostic evaluation of gastric carcinoma,
particularly in cases where routine histomorphology is insufficient to establish tumor lineage,
differentiation, or primary origin. In daily surgical pathology practice, gastric biopsies are often small,
fragmented, and affected by inflammation, ulceration, or treatment-related changes, all of which may
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obscure architectural features. Under these circumstances, IHC provides essential adjunctive information
that enhances diagnostic accuracy and reproducibility [46,47].

One of the primary diagnostic applications of immunohistochemistry in gastric carcinoma is confirmation
of epithelial origin. Poorly differentiated tumors, especially those composed of discohesive or solid sheets
of atypical cells, may mimic lymphomas, neuroendocrine neoplasms, melanomas, or metastatic
carcinomas from other sites. Broad-spectrum cytokeratin immunostains are routinely used to establish
epithelial differentiation and exclude non-epithelial malignancies, particularly in small biopsies and
metastatic settings [48,49]. This step is fundamental before further subtyping or biomarker evaluation is
undertaken.

Immunohistochemistry is also valuable in supporting histological subtyping when morphologic features
overlap or are ambiguous. For example, distinguishing intestinal-type gastric carcinoma from diffuse or
poorly cohesive carcinoma may be challenging in limited tissue samples or in tumors with mixed growth
patterns. In such cases, immunophenotypic evidence of glandular differentiation or loss of cell cohesion
can complement histological assessment and increase diagnostic confidence [50,51]. This is particularly
relevant because histological subtype carries important prognostic and therapeutic implications.

Another important diagnostic application of IHC in gastric carcinoma is the distinction between primary
gastric tumors and metastatic malignancies involving the stomach. The stomach is a recognized site of
metastasis for carcinomas originating from the breast, lung, pancreas, esophagus, and colorectum.
Immunohistochemical profiling, interpreted in conjunction with clinical and radiologic information,
assists in determining the site of origin in these challenging cases [52,53]. Accurate classification is critical,
as misdiagnosis may lead to inappropriate staging and management.

Immunohistochemistry further aids in the identification and characterization of uncommon and rare
histological variants of gastric carcinoma. Entities such as gastric carcinoma with lymphoid stroma,
hepatoid adenocarcinoma, adenosquamous carcinoma, and fundic gland—type adenocarcinoma exhibit
distinct immunophenotypic patterns that support their recognition and distinction from more common
adenocarcinoma subtypes [54-56]. Correct identification of these variants is essential, as they differ
substantially in prognosis, biological behavior, and therapeutic response.

In the evaluation of early gastric neoplasia and precursor lesions, immunohistochemistry may assist in
differentiating high-grade dysplasia from intramucosal carcinoma, particularly in diagnostically
challenging cases. Although the diagnosis remains primarily morphologic, altered expression of
proliferation- and differentiation-related markers may provide supportive evidence when architectural and
cytologic criteria are borderline [57,58]. Nevertheless, immunohistochemistry should be interpreted
cautiously in this setting and should not replace established histopathological criteria.

Importantly, the diagnostic use of immunohistochemistry in gastric carcinoma must be guided by careful
marker selection and awareness of normal gastric mucosal expression patterns. Background staining in
non-neoplastic epithelium, metaplastic mucosa, and inflammatory cells can lead to diagnostic pitfalls if
not properly contextualized [59]. Standardization of staining protocols and adherence to evidence-based
diagnostic algorithms are therefore essential to ensure reliable and clinically meaningful results.

In summary, immunohistochemistry serves as a critical adjunct to morphology in the diagnostic workup
of gastric carcinoma. It enhances tumor classification, resolves difficult differentials, and supports accurate
identification of primary gastric malignancies and their variants. These diagnostic applications form the
foundation upon which prognostic stratification and predictive biomarker assessment are built, as
discussed in the following sections.

Immunohistochemistry for Prognostic Stratification in Gastric Carcinoma

Beyond its diagnostic utility, immunohistochemistry plays a crucial role in the prognostic stratification of
gastric carcinoma. Gastric cancer exhibits marked variability in clinical behavior even within the same
histological subtype and pathological stage, highlighting the limitations of morphology-based
prognostication alone. Immunohistochemical evaluation allows assessment of tumor biological
characteristics related to proliferation, differentiation, invasion, and interaction with the tumor
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microenvironment, thereby providing additional prognostic information that complements conventional
staging systems [60,61].

Tumor differentiation and growth pattern remain important prognostic indicators in gastric carcinoma, and
immunohistochemistry may support their evaluation, particularly in poorly differentiated tumors. Loss of
glandular differentiation and acquisition of poorly cohesive growth are associated with aggressive
behavior, early dissemination, and unfavorable outcomes. Immunophenotypic alterations reflecting
disrupted epithelial differentiation and increased cellular plasticity often parallel these morphologic
changes and correlate with adverse prognosis [62,63]. Such findings reinforce the value of integrating
immunohistochemical data with histological grading.

The assessment of tumor proliferation represents another important prognostic application of
immunohistochemistry. Increased proliferative activity is generally associated with higher tumor grade,
advanced stage, and reduced survival. Immunohistochemical markers of cell cycle activity provide a
practical means of estimating tumor growth fraction and have been shown to correlate with disease
progression and patient outcome in gastric carcinoma [64,65]. While not routinely included in standardized
reporting, proliferation indices may offer supplementary prognostic insight in selected cases.
Angiogenesis and stromal remodeling are key components of tumor progression and metastasis in gastric
carcinoma. Immunohistochemical evaluation of tumor-associated vasculature and stromal activation
reflects the biological aggressiveness of the tumor and has been linked to lymphovascular invasion, nodal
metastasis, and poor survival [66,67]. These features are particularly relevant in advanced-stage disease
and underscore the importance of the tumor microenvironment in shaping clinical outcomes.

Increasing attention has been directed toward the prognostic significance of the immune
microenvironment in gastric carcinoma. Immunohistochemical assessment of tumor-infiltrating immune
cells provides insight into host antitumor responses and has demonstrated strong associations with
prognosis. Tumors characterized by dense lymphoid infiltration, such as gastric carcinoma with lymphoid
stroma, generally exhibit more favorable outcomes, whereas immune-desert or immune-excluded
phenotypes are often associated with aggressive disease and resistance to therapy [68—70]. These
observations highlight the prognostic relevance of immune contexture in gastric cancer pathology.
Microsatellite instability represents a distinct biological subtype of gastric carcinoma with important
prognostic implications. MSI-high tumors are characterized by defective DNA mismatch repair and
typically demonstrate increased immune cell infiltration and improved survival compared with
microsatellite-stable tumors. Immunohistochemistry serves as a reliable surrogate for MSI status and
enables identification of this prognostically favorable subgroup in routine practice [71-73]. Recognition
of MSI status is therefore essential not only for prognostic assessment but also for therapeutic planning.
Epstein—Barr virus—associated gastric carcinoma constitutes another molecularly defined subgroup with
unique prognostic features. These tumors often show prominent lymphoid stroma and distinct
immunophenotypic profiles and are associated with improved survival relative to EBV-negative gastric
carcinomas [74—76]. Immunohistochemical and in situ hybridization—based detection of EBV-related
changes assists in identifying this subgroup and contributes to refined prognostic stratification.

Despite the growing body of evidence supporting immunohistochemical prognostic markers, several
challenges remain. Tumor heterogeneity, variability in scoring methods, and lack of standardized cut-off
values limit the routine implementation of many prognostic markers. Moreover, the prognostic
significance of individual biomarkers may vary depending on tumor stage, histological subtype, and
treatment context [77]. Consequently, prognostic immunohistochemistry should be interpreted within a
comprehensive pathological and clinical framework.

In summary, immunohistochemistry provides valuable prognostic information in gastric carcinoma by
reflecting tumor biology, host immune response, and molecular alterations. When integrated with
histological classification and staging, immunohistochemical prognostic markers enhance risk
stratification and support more individualized patient management. The prognostic insights gained through
IHC also form the basis for predictive biomarker assessment, which is discussed in the following section.

Cuest.fisioter.2024.53(3):6807-6821 6816



Anan Fathi Mohamed et al. Immunohistochemistry in Gastric Carcinoma: Diagnostic Subtyping,
Prognostic Stratification, and Predictive Biomarkers Ki

Predictive Biomarkers and Immunohistochemistry-Guided Therapy in Gastric Carcinoma
Immunohistochemistry has become central to the identification of predictive biomarkers in gastric
carcinoma, directly influencing therapeutic decision-making in the era of precision oncology. Unlike
prognostic markers, which provide information about disease outcome irrespective of treatment, predictive
biomarkers identify patients who are likely to benefit from specific targeted or immune-based therapies.
In gastric carcinoma, several predictive biomarkers have been validated and incorporated into clinical
guidelines, with immunohistochemistry serving as the primary screening and diagnostic modality in
routine practice [78,79].

Human epidermal growth factor receptor 2 (HER2) overexpression represents one of the earliest and most
clinically established predictive biomarkers in gastric carcinoma. HER2-positive gastric cancers constitute
a distinct subgroup for which targeted anti-HER2 therapy has demonstrated survival benefit.
Immunohistochemistry is the first-line method for HER2 assessment, allowing evaluation of protein
overexpression and guiding selection of cases for confirmatory in situ hybridization testing when
appropriate [80—82]. Accurate interpretation of HER2 staining in gastric carcinoma requires awareness of
tumor heterogeneity, incomplete membranous staining patterns, and differences in scoring criteria
compared with breast carcinoma [83].

Mismatch repair (MMR) deficiency and microsatellite instability represent another critical predictive
biomarker axis in gastric carcinoma. Tumors with defective MMR proteins exhibit high mutational burden
and increased neoantigen formation, rendering them particularly responsive to immune checkpoint
inhibition. Immunohistochemical assessment of MMR protein expression provides a robust and cost-
effective approach for identifying MSI-high gastric carcinomas and is increasingly recommended as part
of routine diagnostic evaluation [84—86]. Recognition of MSI status carries both predictive and prognostic
implications.

Programmed death-ligand 1 (PD-L1) expression has emerged as a key predictive biomarker for
immunotherapy in gastric carcinoma. Immunohistochemical evaluation of PD-L1 expression, particularly
using combined positive scoring systems that incorporate both tumor cells and immune cells, assists in
identifying patients who may benefit from immune checkpoint inhibitors [87-89]. However, PD-L1
interpretation remains challenging due to intratumoral heterogeneity, inter-assay variability, and evolving
scoring thresholds across clinical trials [90].

Epstein—Barr virus—associated gastric carcinoma represents a distinct molecular subgroup with important
predictive implications. These tumors frequently demonstrate dense immune infiltration, elevated PD-L1
expression, and unique epigenetic and transcriptomic alterations that confer sensitivity to immune
checkpoint blockade. Immunohistochemical and in situ hybridization—based identification of EBV-
associated tumors therefore provides clinically actionable predictive information [91-93].

Emerging Biomarkers: Cadherin-11 and Tropomyosin-1

Beyond established predictive biomarkers, increasing attention has been directed toward molecules
involved in cell adhesion, cytoskeletal organization, and epithelial-mesenchymal plasticity as potential
therapeutic and biologic markers in gastric carcinoma. Cadherin-11 (CDH11), a type Il classical cadherin,
has been implicated in tumor invasion, stromal interaction, and metastatic behavior across multiple
malignancies. Experimental and translational studies suggest that altered CDHI11 expression may
influence tumor cell motility, epithelial-mesenchymal transition, and response to cytotoxic agents,
highlighting its potential relevance as an emerging biomarker in gastric cancer biology [94-97].

In gastric carcinoma specifically, aberrant CDH11 expression has been associated with tumor progression,
invasive behavior, and chemoresistance in experimental models. Immunohistochemical evaluation of
CDHI11 provides insight into tumor—stromal interactions and mesenchymal-like phenotypes that may
underlie aggressive clinical behavior [98—100]. Although CDHI1 is not yet a validated predictive
biomarker in clinical practice, its involvement in signaling pathways linked to therapeutic resistance
suggests potential future relevance, particularly in the context of combination therapies targeting tumor—
stroma crosstalk.
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Tropomyosin-1 (TPM1), a cytoskeletal actin-binding protein, has also emerged as a molecule of interest
in cancer research. TPM1 plays a critical role in maintaining cytoskeletal stability and regulating cell
shape, motility, and adhesion. In multiple tumor types, loss or downregulation of TPM1 has been
associated with enhanced proliferation, invasion, angiogenesis, and metastatic potential [101-104]. These
biological functions position TPM1 as a candidate tumor suppressor whose altered expression may
influence treatment response.

In gastric carcinoma and related gastrointestinal malignancies, TPM1 dysregulation has been linked to
epithelial-mesenchymal transition and cytoskeletal remodeling, processes that are increasingly recognized
as contributors to therapeutic resistance and disease progression. Immunohistochemical assessment of
TPMI expression may therefore provide indirect information regarding tumor plasticity and invasive
potential, although its predictive value remains investigational [105-107].

At present, neither Cadherin-11 nor Tropomyosin-1 is incorporated into routine predictive biomarker
panels for gastric carcinoma. Nevertheless, their emerging roles in tumor biology underscore the
expanding scope of immunohistochemistry beyond established targets. As molecularly guided therapies
evolve, immunohistochemical evaluation of such markers may contribute to refined biological
stratification and the development of novel therapeutic strategies.

In summary, immunohistochemistry remains indispensable for predictive biomarker assessment in gastric
carcinoma, enabling identification of patients eligible for targeted and immune-based therapies. While
established markers such as HER2, MMR/MSI, PD-L1, and EBV status currently guide clinical
management, emerging biomarkers including Cadherin-11 and Tropomyosin-1 highlight future directions
for biologically informed therapy and reinforce the central role of pathology in precision oncology.
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