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Abstract

Gastric cancer peritoneal metastasis is not simply an extension of the primary tumor into the
abdominal cavity. It represents a biologically distinct disease context shaped by interactions
between disseminated tumor cells, peritoneal fluid, mesothelial surfaces, submesothelial
stroma, extracellular matrix, immune populations, and malignant ascites. In this narrative
review, we examine peritoneal metastasis as a transition between three related but physio-
logically different states: the primary gastric tumor, free-floating tumor cells or spheroids in
the peritoneal fluid, and established mesothelial or submesothelial metastatic implants. We
discuss how tumor cells acquire dissemination competence in the primary tumor, survive
detachment and fluid-phase stress, adhere to remodeled mesothelium, recruit stromal
and immune support, and adapt to ascites-mediated signaling. We also review how the
peritoneal niche may contribute to biomarker discordance, immune exclusion, therapeutic
resistance, and limitations of conventional response assessment. Where relevant, we distin-
guish evidence derived directly from gastric cancer peritoneal metastasis from preclinical
data, extrapolation from other peritoneal malignancies, and hypothesis-generating inter-
pretation. Finally, we summarize practical implications for tissue sampling, ascites and
lavage analysis, biomarker interpretation, translational modeling, and peritoneal-directed
therapeutic strategies. A clearer understanding of the biological divergence between the
primary tumor, the fluid-phase compartment, and peritoneal implants may improve the
study and clinical management of gastric cancer peritoneal metastasis.

Keywords: gastric cancer; peritoneal metastasis; tumor microenvironment; peritoneal niche;
malignant ascites; mesothelial remodeling; cancer-associated fibroblasts; tumor-associated
macrophages; immune exclusion; therapeutic resistance

1. Introduction
Gastric cancer remains one of the leading causes of cancer-related mortality worldwide,

largely because many patients are diagnosed with advanced or biologically aggressive
diseases. Among the patterns of metastatic spread, peritoneal metastasis is particularly
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challenging. It is frequently associated with delayed detection, malignant ascites, bowel
dysfunction, nutritional decline, limited treatment tolerance, and poor survival. Clinically,
the development of peritoneal dissemination often marks a decisive shift in the disease
course. Biologically, it reflects more than tumor progression alone: it indicates that gastric
cancer cells have entered and adapted to a highly specialized metastatic compartment [1–3].

The traditional view of peritoneal dissemination has emphasized tumor cell-intrinsic
properties such as invasiveness, epithelial–mesenchymal plasticity, anoikis resistance, and
migratory capacity. These features remain important, but they do not fully explain why
only some disseminated cells establish clinically relevant peritoneal disease. Tumor cells
shed from the primary lesion must survive without stable tissue attachment, persist within
the peritoneal cavity, interact with mesothelial surfaces, invade the submesothelial matrix,
and acquire stromal and immune support. Each of these steps depends not only on
the malignant cell, but also on the biological state of the host compartment in which it
arrives [4–6].

The peritoneum should therefore not be regarded as a passive surface that receives
exfoliated gastric cancer cells. It is a dynamic anatomical and immunobiological niche
composed of mesothelial cells, fibroblasts, adipose-associated stromal cells, endothelial
structures, extracellular matrix, resident and recruited immune populations, soluble in-
flammatory mediators, and, in advanced disease, malignant ascites. Under tumor-derived
and inflammation-driven pressure, this compartment can be remodeled into a permis-
sive environment that supports adhesion, immune evasion, stromal anchoring, metabolic
adaptation, and therapeutic resistance [4,5,7,8].

This perspective has important implications for how gastric cancer peritoneal metas-
tasis is interpreted. Peritoneal disease is often classified clinically as advanced-stage
metastasis, but its biology cannot be inferred solely from the primary gastric tumor [9–11].
Emerging multi-omic, single-cell, spatial, and immune-profiling studies suggest that peri-
toneal metastases may differ substantially from the primary lesion in stromal organization,
immune contexture, extracellular matrix remodeling, mesothelial interaction, and fluid-
phase signaling. These differences may help explain why peritoneal metastasis is frequently
associated with poor drug penetration, limited efficacy of systemic therapy, and disap-
pointing responses even in the era of biomarker-driven and immune-based treatment
strategies [9,10].

Malignant ascites adds a further layer of complexity. Rather than representing only a
late clinical manifestation, ascitic fluid can function as a biologically active compartment. It
contains isolated tumor cells, spheroids, immune cells, cytokines, chemokines, extracellular
vesicles, metabolites, and stromal mediators that may sustain tumor survival and promote
reseeding across peritoneal surfaces. In this setting, peritoneal metastasis is not confined
to solid implants. It becomes a surface–fluid disease, maintained through continuous
exchange between attached lesions, free-floating tumor aggregates, mesothelial interfaces,
and host-derived cellular components [4,12–14].

A clearer understanding of the divergence between the primary gastric tumor microen-
vironment and the peritoneal metastatic niche may therefore improve the interpretation of
disease progression, therapeutic resistance, and biomarker performance. Primary tumor
profiling remains essential for diagnosis and treatment selection, but it may be insufficient
when the dominant clinical problem is peritoneal disease. The peritoneal compartment
introduces biological variables that are not fully captured by routine assessment of the
primary lesion, including mesothelial remodeling, ascites-mediated signaling, stromal
protection, immune exclusion, macrophage-dominated inflammation, and altered drug
accessibility [4,10,15].
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In this narrative review, we examine gastric cancer peritoneal metastasis as a progres-
sive transition between three related but biologically distinct disease states: the primary
gastric tumor, free-floating tumor cells or spheroids in peritoneal fluid, and established
mesothelial or submesothelial metastatic implants. This framework is intended to clarify
why peritoneal disease cannot be fully interpreted from the primary tumor alone, even
when primary-tumor profiling remains essential for diagnosis and treatment selection.
Rather than providing another general overview of peritoneal dissemination, this review
focuses on the microenvironmental divergence that occurs as gastric cancer cells move from
an organ-embedded tumor to a fluid-exposed and surface-based metastatic compartment.
We highlight evidence from gastric cancer whenever available, indicate when concepts
are extrapolated from other peritoneal malignancies or preclinical models, and discuss
the practical implications for sampling, biomarker interpretation, response assessment,
translational modeling, and peritoneal-directed therapeutic strategies.

2. Literature Search Strategy
This narrative review was prepared through a structured, non-systematic literature

search. The purpose of the search was to identify relevant clinical, translational, pathologi-
cal, and experimental studies addressing gastric cancer peritoneal metastasis and related
mechanisms of peritoneal disease.

The literature search was conducted in PubMed, Scopus, Web of Science, and Google
Scholar. Articles published in English were considered. Priority was given to studies
published within the last ten years, although older landmark publications were included
when they provided important clinical, methodological, or mechanistic context. The
search was not restricted to a single study design and included original research articles,
translational studies, clinical trials, observational studies, preclinical studies, systematic
reviews, meta-analyses, and high-quality narrative reviews.

The search strategy used combinations of the following terms: “gastric cancer”,
“gastric adenocarcinoma”, “peritoneal metastasis”, “peritoneal dissemination”, “peri-
toneal carcinomatosis”, “malignant ascites”, “peritoneal lavage”, “positive cytology”,
“mesothelial cells”, “mesothelium”, “cancer-associated fibroblasts”, “extracellular ma-
trix”, “tumor-associated macrophages”, “tumor immune microenvironment”, “immune
exclusion”, “spheroids”, “anoikis resistance”, “single-cell sequencing”, “spatial transcrip-
tomics”, “biomarkers”, “therapeutic resistance”, “intraperitoneal chemotherapy”, “HIPEC”,
and “PIPAC”.

Studies were screened according to their relevance to the scope of the review. Prefer-
ence was given to articles that directly investigated gastric cancer peritoneal metastasis,
paired primary and metastatic samples, peritoneal implants, malignant ascites, peritoneal
lavage, cytology, or peritoneal-directed therapeutic approaches. Studies from other peri-
toneal malignancies were considered only when they addressed mechanisms or method-
ological issues relevant to peritoneal dissemination and when direct gastric cancer evidence
was limited. The selected literature was organized thematically into categories covering
clinical behavior and detection of peritoneal metastasis, mechanisms of transcoelomic
spread, peritoneal tissue interactions, ascites-based analyses, immune and stromal pro-
filing, biomarker assessment, therapeutic resistance, intraperitoneal treatment strategies,
and translational disease models. The literature search aimed to include representative
studies published up to March 2026, with emphasis on recent clinical, translational, and
experimental evidence relevant to gastric cancer peritoneal metastasis. After removal of du-
plicates and screening for relevance, 119 articles were assessed in detail. The final selection
of references was based on relevance, methodological quality, recency, and contribution to
the conceptual aims of the manuscript.
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3. Peritoneal Metastasis: A Unique Mode of Progression in
Gastric Cancer

Peritoneal metastasis occupies a distinct position in the natural history of gastric
cancer. Unlike hematogenous dissemination, which requires intravasation, circulation,
extravasation, and colonization of distant organs, peritoneal spread develops within a
regional but biologically specialized compartment. Tumor cells that reach the peritoneal
cavity do not simply relocate to another tissue; they enter a new environment to which they
must adapt, defined by mesothelial surfaces, peritoneal fluid dynamics, submesothelial
matrix, resident immune populations, adipose-associated structures, and, in many patients,
malignant ascites. These features create a set of biological constraints that differ from those
encountered in the primary gastric wall or in vascular metastatic sites [3–5]. To illustrate
this site-specific transition, Figure 1 summarizes the major biological steps through which
gastric cancer cells progress from the primary tumor microenvironment to an established
peritoneal metastatic niche.

Figure 1. From primary tumor to peritoneal niche. Dissemination-competent tumor cells may emerge
at the invasive front and serosa-adjacent regions of the primary tumor, then exfoliate into the peri-
toneal cavity. After detachment, tumor cells must survive in suspension, resist anoikis, and often form
multicellular spheroids. Successful colonization requires adhesion to a remodeled mesothelial surface,
access to submesothelial matrix, stromal anchoring, extracellular matrix remodeling, and immune
modulation. Established peritoneal metastasis is characterized by surface implants, malignant ascites,
floating tumor aggregates, and compartment-wide signaling, reflecting the transition from local
tumor escape to a specialized peritoneal metastatic niche.

This distinction is clinically relevant because peritoneal metastasis is consistently
associated with poor outcomes and limited therapeutic efficacy. Patients frequently de-
velop ascites, bowel dysfunction, impaired oral intake, nutritional decline, and reduced
performance status, all of which restrict tolerance to systemic treatment. Contemporary
clinical reviews report poor median survival with systemic chemotherapy in gastric cancer
peritoneal metastasis, often in the range of only several months, highlighting both the
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aggressiveness of this phenotype and the limitations of conventional systemic approaches
for a compartmentalized disease process [16–18].

The poor prognosis of peritoneal dissemination should not be attributed solely to tu-
mor burden. Increasing evidence suggests that peritoneal involvement marks a biologically
unfavorable state characterized by site-specific microenvironmental remodeling. Multi-
omic analyses of primary gastric tumors, peritoneal metastases, and adjacent peritoneal
tissues have shown that peritoneal organotropism is associated with distinct genomic, tran-
scriptomic, and microenvironmental features, supporting the idea that the peritoneal niche
is actively shaped during disease progression rather than passively colonized [18]. Immune
profiling studies further suggest that peritoneal lesions may exhibit lower CD4-positive
and CD8-positive T-cell densities than their paired primary tumors and may be enriched
for immune-desert or intrinsically immunosuppressive patterns [19].

3.1. Clinical Significance of Peritoneal Dissemination

Peritoneal dissemination is one of the most consequential manifestations of advanced
gastric cancer. Its impact is not limited to shortened survival; it also produces a charac-
teristic clinical syndrome. These manifestations often develop in parallel with limited
measurable disease on conventional imaging, making peritoneal metastasis both clinically
severe and difficult to monitor [3,20].

The burden of peritoneal disease also affects the feasibility of treatment. Patients
with symptomatic ascites, bowel dysfunction, or nutritional deterioration may be less able
to receive intensive systemic regimens, undergo surgical interventions, or participate in
clinical trials. Thus, peritoneal metastasis influences outcome through two mechanisms:
intrinsic biological aggressiveness and reduction in therapeutic opportunity. This dual
effect partly explains why peritoneal involvement remains a major driver of cancer-related
death in gastric cancer despite advances in systemic therapy [3,13,21].

The clinical phenotype of peritoneal metastasis also differs from that of nodal, hepatic,
or pulmonary metastases. Peritoneal disease may progress diffusely across serosal surfaces,
produce ascites, and impair gastrointestinal function without forming large, easily measur-
able masses. This diffuse growth pattern can lead to underestimation of disease burden by
imaging and delayed recognition of progression. It also complicates response assessment,
since changes in ascites, cytology, symptoms, nutritional status, and bowel function may
be more clinically meaningful than conventional changes in lesion diameter [3,20].

Recent translational data further support the clinical relevance of the intraperitoneal
immune landscape, showing that local immune composition may be associated with
treatment response and survival in gastric cancer peritoneal metastasis [22]. These findings
reinforce the view that peritoneal metastasis represents a biologically distinct disease
context, not only an anatomic category.

3.2. Biological Steps of Transcoelomic Spread

Peritoneal dissemination follows a progression route that differs from hematogenous
or lymphatic metastasis. Tumor cells destined for the peritoneal cavity must: (i) detach
from the primary lesion, (ii) survive loss of anchorage within the peritoneal milieu, (iii) ad-
here to mesothelial surfaces, (iv) invade through or beneath the mesothelial barrier, and
(v) establish stromal support for outgrowth. These steps are sequential but not purely
mechanical; at each stage, tumor cell survival depends on interaction with host-derived
components of the peritoneal niche [4,5].

Local escape is often associated with deep invasion and serosal involvement, but
physical access to the peritoneal cavity is not sufficient. Disseminating cells must ac-
quire properties that support detachment, anoikis resistance, spheroid formation, im-
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mune evasion, mesothelial adhesion, and matrix-dependent survival. These transitions
are shaped by epithelial–mesenchymal plasticity, altered adhesion, stromal-derived sur-
vival signals, tumor-derived cytokines, extracellular vesicles, proteases, inflammatory
mediators, fibroblasts, macrophages, endothelial cells, and adipose-associated stromal
elements [10,18,23–28].

Once metastatic outgrowth is established, malignant ascites can amplify disease by
distributing tumor cells, cytokines, extracellular vesicles, metabolites, and immunosuppres-
sive mediators throughout the peritoneal cavity. In this way, transcoelomic dissemination
evolves from a local escape event into a compartment-wide disease process [23,26,29].

3.3. The Peritoneum as a Permissive Metastatic Soil

The tropism of gastric cancer for the peritoneal cavity cannot be explained by anatom-
ical proximity alone. Although serosal invasion facilitates tumor cell access to the peri-
toneal space, successful metastasis requires a receptive host environment. The peritoneum
becomes permissive through coordinated changes in its mesothelial, stromal, immune,
vascular, adipose-associated, and fluid compartments [4,18,26].

The mesothelial interface is central to this process. Rather than functioning as a passive
lining, mesothelial cells can respond to tumor-derived signals by losing barrier integrity,
increasing adhesive properties, secreting inflammatory mediators, and contributing to
matrix remodeling. These changes may allow tumor cells to attach more efficiently and
gain access to the submesothelial space. In this sense, the peritoneal surface is not merely
a landing site; it is an active regulator of whether tumor cell contact becomes metastatic
implantation [4,5,7].

The submesothelial compartment then provides the structural basis for early colo-
nization. Fibroblasts and extracellular matrix components supply anchorage and survival
cues, while macrophages and other immune populations can shape the balance between
tumor clearance and tolerance. In gastric cancer peritoneal metastasis, the local immune
environment often appears skewed toward ineffective or suppressive inflammation rather
than productive antitumor immunity. This may reduce immune-mediated elimination of
early implants and facilitate stromal remodeling [18,26,27].

Malignant ascites further expands the niche beyond attached lesions. Ascitic fluid
can sustain tumor spheroids, distribute soluble mediators, impair immune function, and
condition distant peritoneal surfaces. It creates a fluid phase of disease that is absent
from the primary tumor and that may contribute to continuous reseeding. The peritoneal
ecosystem, therefore, includes both solid and liquid components, each reinforcing the
other [4,26,29–32].

4. The Primary Gastric Tumor Microenvironment: The Point of Departure
Any discussion of peritoneal dissemination in gastric cancer must begin with the

primary tumor, not because it fully predicts peritoneal disease, but because it provides the
first microenvironmental context in which dissemination-competent states may emerge.
The primary gastric tumor is not a homogeneous epithelial mass. It is a spatially organized
tissue ecosystem in which malignant cells interact with fibroblasts, immune cells, endothe-
lial structures, extracellular matrix, and soluble mediators. These interactions influence
invasion, immune recognition, stromal remodeling, treatment sensitivity, and ultimately
the probability that tumor cells will acquire the capacity to leave the gastric wall [33–38].

This is particularly important for peritoneal dissemination. Tumor cells that eventually
reach the peritoneal cavity are unlikely to represent a random sample of the primary lesion.
They are more likely to arise from regions where malignant cells are exposed to stromal
activation, inflammatory signaling, matrix remodeling, hypoxia, immune pressure, and
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serosal proximity. These local conditions may favor phenotypes capable of detachment,
stress tolerance, immune escape, and interaction with extracellular matrix. In this sense,
the primary tumor creates the biological potential for peritoneal spread, even though the
peritoneal niche later transforms that potential into established metastatic disease [26,32,39].

Recent single-cell and spatial analyses support this view by showing that gastric can-
cers are organized into heterogeneous cellular states and microanatomical regions rather
than uniform tumor masses. Such studies have identified distinct stromal subsets, immune
neighborhoods, lymphoid aggregates, macrophage–fibroblast interaction modules, and
spatially restricted programs associated with prognosis and treatment response [40–42].
These observations are relevant to peritoneal metastasis because they suggest that dissemi-
nation may be influenced by localized microenvironmental conditions that are not captured
by routine sampling or bulk profiling of the primary tumor.

4.1. Major Cellular and Spatial Features of the Primary Tumor Microenvironment

The primary gastric tumor microenvironment contains multiple cellular compart-
ments whose biological importance depends on their functional integration. Malignant
epithelial cells remain the central population, but they do not act in isolation. They produce
cytokines, chemokines, extracellular vesicles, matrix-remodeling signals, and metabolic
byproducts that influence surrounding host cells. In turn, stromal and immune components
regulate tumor cell survival, invasion, immune visibility, and therapeutic response. This
bidirectional communication is already active before overt dissemination and may help
define which tumor cell populations acquire metastatic potential [34,43,44].

Fibroblasts are among the most influential stromal populations in gastric cancer. Rather
than representing a uniform desmoplastic background, they comprise functionally diverse
subsets with different matrix-producing, inflammatory, metabolic, and immunoregulatory
roles. High-resolution single-cell analyses have identified multiple fibroblast states in gas-
tric cancer, including subsets associated with poor prognosis, macrophage infiltration, T-cell
dysfunction, immune exclusion, and reduced predicted benefit from immunotherapy [45].
Other studies integrating single-cell and bulk transcriptomic data have linked specific
fibroblast programs, including IGF1-positive populations, with unfavorable prognosis and
reduced chemosensitivity [40].

The relevance of these fibroblast states for peritoneal dissemination is not that they
are identical to fibroblasts in peritoneal metastases. Rather, they show that the primary
tumor may already harbor stromal programs that support invasion, immune restriction,
and treatment resistance. Fibroblast-rich regions can remodel extracellular matrix, increase
tissue stiffness, provide motility cues, and create physical or biochemical barriers to immune
cell penetration. Such regions may function as protected territories in which malignant
cells are exposed to reduced immune pressure and enhanced stromal support [36,45,46].

The immune compartment of the primary gastric tumor is equally heterogeneous.
Overall lymphocyte density is insufficient to define immune competence. What matters is
whether immune cells are spatially positioned to engage malignant cells, whether antigen-
presenting cells support local activation, and whether lymphocytes form coordinated
structures or remain excluded from tumor nests. Some gastric cancers contain tertiary
lymphoid structure-like regions, activated T-cell populations, B-cell niches, dendritic cells,
and high endothelial venule-like structures, suggesting organized local immunity. Others
show fragmented, excluded, or dysfunctional immune infiltrates [35,47].

This spatial organization has implications for metastatic selection. An immune-
inflamed region may exert pressure that favors tumor cells with immune-escape mecha-
nisms. A stromal-rich, immune-excluded region may allow the survival of cells that interact
efficiently with the matrix and fibroblast-derived signals. A poorly immunogenic region
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may permit expansion with limited immune constraint. Thus, the primary tumor can
contain multiple immunological landscapes, each selecting different tumor cell states [36].

Myeloid cells add another layer of microenvironmental complexity. Tumor-associated
macrophages and related populations can link inflammation, fibroblast activation, an-
giogenesis, matrix remodeling, and immunosuppression. In gastric cancer, spatially or-
ganized macrophage–fibroblast circuits have been associated with aggressive behavior
and poor outcome, including interactions between SPP1-positive macrophage programs
and collagen-related stromal pathways. These findings suggest that the primary tumor
may already contain multicellular modules capable of coordinating invasion and immune
dysfunction [36,48].

Endothelial and vascular-associated populations should also be considered part of
this organization. Beyond providing perfusion, vascular structures regulate immune cell
trafficking, hypoxia, stromal activation, and therapeutic access. Spatial analyses increas-
ingly suggest that immune organization and stromal density are linked to local vascular
architecture. Therefore, the vascular compartment contributes not only to nutrient delivery,
but also to the territorial organization of the primary tumor microenvironment [34,38].

Extracellular matrix integrates many of these interactions. Its composition, alignment,
stiffness, and proteolytic remodeling influence tumor cell migration, immune infiltration,
oxygen diffusion, and drug distribution. Fibroblast-derived matrix programs, together
with macrophage-associated remodeling, may generate microregions that favor invasion
and immune protection, particularly at invasive fronts and serosa-adjacent regions [49,50].
Together, these findings support the view that peritoneal dissemination may emerge from
specific microenvironmental contexts within the primary lesion, rather than from the tumor
mass as an average.

4.2. Immune–Stromal Organization and Metastatic Competence

The ability of gastric cancer cells to disseminate to the peritoneum is shaped by the
local conditions under which they evolve within the primary tumor. Metastatic competence
is unlikely to emerge from a neutral background. It is more plausibly selected in regions
where malignant cells are exposed to stromal remodeling, immune pressure, hypoxia,
mechanical stress, and altered matrix interactions. These pressures can favor tumor cell
states capable of invasion, detachment, survival outside normal tissue architecture, and
cooperation with host-derived compartments [5,23].

The invasive front is particularly important. It represents the interface between malig-
nant tissue and host structures, where tumor cells interact directly with activated fibroblasts,
macrophages, endothelial cells, remodeled matrix, and inflammatory mediators [39]. In
this region, tumor cells may acquire partial epithelial–mesenchymal plasticity without fully
losing epithelial identity. Such intermediate states may be especially relevant for peritoneal
dissemination because they combine motility, adhesive flexibility, stress tolerance, and the
ability to re-establish growth after implantation [44].

Serosa-adjacent regions may be even more relevant to peritoneal spread. Tumor cells
approaching the serosal surface are exposed to stromal and inflammatory programs that
may partially resemble the conditions they will later encounter in the peritoneal cavity:
altered matrix contacts, local tissue disruption, inflammatory mediators, and proximity to
mesothelial structures. Although the peritoneal niche ultimately imposes distinct pressures,
the primary tumor may preselect cells capable of responding to surface-based and matrix-
dependent survival cues [4,5].

Immune organization contributes to this selection. A primary tumor with coordinated
antigen presentation and effective cytotoxic infiltration may restrain dissemination or select
for immune-resistant subclones. Conversely, a tumor dominated by immune exclusion,
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T-cell dysfunction, suppressive macrophages, or regulatory populations may allow invasive
tumor cells to survive in protected regions. Importantly, immune suppression in the
primary tumor is rarely driven by a single mechanism. It often emerges from the combined
effects of stromal barriers, myeloid populations, inhibitory cytokines, dysfunctional antigen
presentation, and metabolic constraints [51,52].

Stromal organization reinforces this immune effect. Fibroblast-rich regions can gener-
ate extracellular matrix tracks, provide motility cues, and restrict lymphocyte access. Dense
or aligned matrix can separate effector cells from tumor nests, while fibroblast-derived
chemokines may recruit suppressive myeloid cells or alter T-cell localization. As a result,
stromal remodeling and immune dysfunction become mutually reinforcing. A region
that supports invasion mechanically may simultaneously protect tumor cells immunologi-
cally [36,47].

These local immune–stromal configurations may help explain why tumors with simi-
lar anatomical stage can follow different metastatic trajectories. Conventional pathological
features such as depth of invasion, serosal involvement, histological subtype, and lympho-
vascular invasion remain important, but they may not fully capture the microenvironmental
conditions that permit peritoneal dissemination. Two tumors with comparable stage may
differ substantially in stromal architecture, immune accessibility, macrophage–fibroblast
interactions, and matrix organization [32,48].

This point is relevant for biomarker interpretation. Bulk profiling of the primary
tumor may identify inflammatory or stromal signatures, but it often loses spatial informa-
tion. It may not reveal whether cytotoxic T cells are in contact with tumor cells, whether
macrophages are concentrated at invasive margins, whether fibroblast subsets form barriers
around epithelial nests, or whether matrix remodeling is localized near serosal invasion. For
peritoneal metastasis, such spatial details may be critical because the cells that disseminate
may arise from restricted niches within the primary tumor [32,36].

The primary tumor may also condition the peritoneal compartment before macroscopic
metastasis becomes evident. Tumor-derived cytokines, chemokines, extracellular vesicles,
and other soluble mediators can act beyond the primary lesion and may contribute to
mesothelial activation, inflammatory recruitment, or early niche conditioning. This concept
remains difficult to prove in patients, but it provides a plausible link between local tumor
biology and later peritoneal receptivity. Peritoneal dissemination may therefore begin
biologically before it is visible anatomically [4,53].

4.3. Biological Divergence Between the Primary Lesion and Peritoneal Disease

The primary gastric tumor is often treated as the biological reference point for the
entire disease course. It is usually the most accessible tissue; it defines histology and
molecular subtypes, and it provides material for many therapeutic decisions. In the context
of peritoneal dissemination, however, this convention has clear limitations. The primary
tumor remains informative, but it is not biologically sufficient [4,32].

Peritoneal metastasis does not simply represent the primary tumor displaced onto
another surface. It reflects a transition from an organ-embedded tumor to a compartmental
disease state shaped by mesothelial interfaces, fluid-phase tumor survival, ascitic mediators,
stromal reorganization, and local immune failure. The biology that determines peritoneal
progression is therefore only partly inherited from the primary lesion. It is also produced
by the metastatic site [4,26,32].

This discrepancy begins with selection. The cells that reach and colonize the peri-
toneum are unlikely to represent the average tumor cell population within the gastric
wall. They are selected through local invasion, serosal proximity, detachment, survival in
suspension, immune exposure, and interaction with peritoneal surfaces. A biopsy from the
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primary tumor may capture molecular identity, but not necessarily the specific tumor cell
states or microenvironmental regions that give rise to peritoneal disease [4].

The immune compartment illustrates this problem. An immune-inflamed primary
tumor does not necessarily imply an immune-inflamed peritoneal metastasis. The primary
lesion may contain lymphoid aggregates, activated T cells, or antigen-presenting niches,
while peritoneal deposits may be lymphocyte-poor, stromal-shielded, or dominated by
suppressive myeloid populations. For immunotherapy, the decisive question is not only
whether the tumor is antigenic, but whether effector immune cells can reach and function
within the lesions driving progression. In patients with peritoneal metastasis, that site is
often the peritoneal compartment, not the primary gastric wall [8,32].

The same applies to stromal biology. Fibroblasts and extracellular matrix in the
gastric wall are embedded within organ architecture. In the peritoneum, stromal support
is assembled around mesothelial surfaces, submesothelial matrix, omental and adipose-
associated structures, and ascitic mediators. Even when both sites appear stromal-rich,
their functional meanings differ. In the primary tumor, stroma may support invasion; in
the peritoneum, it may determine implantation, immune exclusion, drug penetration, and
maintenance of microscopic disease [4,32].

This creates a central interpretive problem for translational studies. Primary tumor
signatures may predict the risk of peritoneal recurrence, but they may not identify the
mechanisms required to maintain established peritoneal metastasis. Risk biology and niche
biology overlap, but they are not identical. A primary tumor feature may indicate that
dissemination is likely; a peritoneal feature may explain why disseminated cells survive
and resist therapy [4,32].

The distinction is particularly important in biomarker-driven treatment. HER2, PD-L1,
mismatch repair status, CLDN18.2, FGFR2b, MET, and other markers are often assessed
in primary tissue. Yet the response of peritoneal metastases may be limited by stromal
density, poor vascularization, immune exclusion, spheroid architecture, ascites-mediated
survival signals, or inadequate drug distribution. Resistance may therefore arise not only
from tumor cell genotype, but also from the metastatic environment [19,54].

For this reason, peritoneal disease should be studied directly whenever feasible.
Peritoneal biopsies, ascites, lavage fluid, cytology cell blocks, single-cell profiling, and
spatial analyses provide access to the disease state that actually determines peritoneal
progression. Ascites is especially important because it captures a fluid microenvironment
with no true equivalent in the primary tumor. Ignoring this compartment risks reducing
peritoneal metastasis to attached lesions alone, when its biology is distributed across both
solid and liquid phases [32,55].

5. The Peritoneal Metastatic Microenvironment
Once gastric cancer cells enter the peritoneal cavity, they encounter a compartment that

differs fundamentally from the gastric wall. The peritoneal metastatic niche is organized
around surfaces, fluid movement, mesothelial barriers, submesothelial matrix, resident
immune cells, adipose-associated structures, and, in advanced disease, malignant ascites.
These features create a biological setting in which tumor cells must survive outside their
original tissue architecture before they can establish a new one [4,32]. The major differences
between the primary gastric tumor microenvironment and the peritoneal metastatic niche
are summarized in Figure 2.
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Figure 2. Primary gastric tumor microenvironment versus peritoneal metastatic microenvironment.
The primary gastric tumor and the peritoneal metastatic niche differ not only in cellular composition,
but also in spatial organization and biological function. Whereas the primary tumor evolves within
the structured layers of the gastric wall, peritoneal metastasis develops on mesothelial surfaces
and within ascitic fluid. This shift changes how tumor cells interact with stroma, immune cells,
extracellular matrix, adipose-associated structures, and therapeutic agents, creating a surface–fluid
metastatic niche that is biologically distinct from the organ-embedded primary lesion.

The peritoneal microenvironment also changes the scale of disease. In the primary
tumor, interactions are largely organized within a tissue mass. In peritoneal metastasis,
tumor cells may exist simultaneously as attached implants, microscopic deposits, free-
floating cells, and multicellular spheroids. Ascitic fluid can connect anatomically distant
surfaces and distribute tumor-derived and host-derived signals throughout the cavity. As a
result, peritoneal disease may behave as a compartmental process even when individual
lesions appear small or radiologically subtle [29,32].

The following sections examine the major biological components that make this com-
partment permissive: the mesothelial interface, stromal and extracellular matrix remodeling,
myeloid and lymphoid dysfunction, malignant ascites, and metabolic adaptation. Together,
these elements explain why peritoneal metastasis cannot be understood as a direct copy of
the primary gastric tumor and why it often becomes resistant to therapies selected on the
basis of primary tumor features alone [4,29,32].

5.1. The Mesothelial Interface: From Protective Barrier to Metastatic Substrate

The mesothelium is the first organized cellular barrier encountered by gastric cancer
cells entering the peritoneal cavity. Its role in peritoneal metastasis is therefore more than
anatomical. Under physiological conditions, mesothelial cells form a lubricated, anti-
adhesive, immunologically responsive surface that limits friction, regulates fluid exchange,
and helps preserve peritoneal homeostasis. This surface is not naturally designed to
support tumor attachment. For disseminated gastric cancer cells to implant, the mesothelial
interface must lose part of its protective function and acquire features that favor adhesion,
invasion, and local remodeling [4,7].

This transition is a decisive early event. Tumor cells may exfoliate from a serosa-
invasive primary lesion and enter the peritoneal cavity, but their presence in the cavity
does not guarantee metastasis. A free-floating cell or spheroid must attach to a surface
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that normally resists stable cellular adhesion. The conversion of the mesothelium from
a protective boundary into a receptive substrate is therefore one of the first steps that
separates transient dissemination from true colonization [7,26].

Mesothelial remodeling can be induced by multiple tumor-derived and inflammation-
associated signals. Cytokines, chemokines, extracellular vesicles, proteases, oxidative stress,
and mechanical irritation may alter mesothelial cell phenotype. Activated mesothelial cells
may retract, weaken intercellular junctions, expose basement membrane or submesothelial
matrix, upregulate adhesion molecules, and secrete inflammatory mediators. These changes
allow tumor cells to establish contact with matrix components and gain access to survival
signals that are unavailable in suspension [4,7,26]. The sequential changes that convert
the mesothelial surface from a protective barrier into a permissive substrate for tumor
implantation are illustrated in Figure 3.

 

Figure 3. Mesothelial remodeling during early peritoneal implantation. An intact mesothelial mono-
layer normally acts as a protective, anti-adhesive barrier. Tumor-derived signals, extracellular vesicles,
proteases, and inflammatory mediators can induce mesothelial activation, junctional loosening, cell
retraction, and increased adhesive permissiveness. These changes expose the basement membrane
and submesothelial matrix, enabling tumor cell adhesion, mesothelial-to-mesenchymal-like changes,
recruitment of macrophages and fibroblast-like cells, extracellular matrix remodeling, and early
stromal anchoring.

The biological significance of this process is that the mesothelial barrier is not only
breached but also functionally reprogrammed. A mechanically damaged surface might
permit occasional attachment, but sustained metastatic growth requires a more coordinated
change in the local environment. Activated mesothelial cells can contribute to extracellular
matrix deposition, recruit inflammatory and stromal cells, and promote a wound-healing-
like response. Tumor cells exploit this repair program, converting a response intended to
restore tissue integrity into one that supports implantation [7,56].

Mesothelial-to-mesenchymal transition-like changes may contribute to this process.
Under tumor-derived or inflammatory stimulation, mesothelial cells can acquire features
associated with motility, contractility, matrix production, and fibroblast-like behavior. This
phenotypic shift can weaken the integrity of the mesothelial monolayer while expanding
the stromal support available to early metastatic deposits. The mesothelium, therefore,
becomes more than a damaged barrier; it may become a source of tumor-supportive stromal
activity [5].
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Tumor–mesothelial adhesion is mediated by several classes of interactions, including
integrin–matrix binding, CD44–hyaluronan interactions, selectin-related adhesion, cadherin
changes, and tumor-induced exposure of submesothelial matrix. However, these molecular
events should not be interpreted as isolated ligand–receptor interactions. Their relevance
depends on the broader tissue context. Adhesion becomes biologically meaningful when
mesothelial activation, matrix exposure, inflammatory recruitment, and tumor cell survival
programs converge at the same site [7,27].

The peritoneal surface is also regionally heterogeneous. Tumor implantation is not
evenly distributed throughout the cavity. Fluid flow, gravity, lymphatic drainage, me-
chanical contact, local inflammation, adipose-associated structures, and omental immune
aggregates may all influence where tumor cells are retained and where mesothelial re-
modeling becomes most permissive. Thus, the mesothelium should not be imagined
as a uniform sheet. It is a regionally variable interface whose susceptibility to tumor
colonization depends on local anatomy and host response [4,7,27].

Once adhesion occurs, the next challenge is invasion into or beneath the mesothelial
layer. Tumor cells can produce proteases and matrix-remodeling factors, but host cells
also contribute to this process. Activated mesothelial cells, fibroblasts, macrophages, and
neutrophil-like inflammatory cells may generate signals that promote matrix degradation
and submesothelial access. Peritoneal invasion is therefore a multicellular event. The tumor
cell initiates colonization, but the host surface provides part of the machinery that enables
it [7,8].

The submesothelial compartment then becomes the early metastatic bed. It contains
extracellular matrix, fibroblasts, vascular and lymphatic elements, immune cells, and,
depending on the anatomical site, adipose-associated stromal structures. For a tumor
cell, entry into this compartment marks a shift from unstable fluid-phase survival to
tissue-anchored persistence. Mesothelial remodeling, therefore, functions as a gatekeeping
event: it determines whether disseminated tumor cells remain temporary occupants of the
peritoneal cavity or become integrated into a supportive stromal niche [4,26].

The immunological role of the mesothelium is also important. Mesothelial cells can
regulate leukocyte adhesion, migration, cytokine production, and inflammatory tone. In
cancer, this immunoregulatory function may be redirected. Rather than supporting effec-
tive antitumor immunity, activated mesothelial cells may participate in the recruitment of
myeloid cells, the maintenance of chronic inflammation, and the formation of a local envi-
ronment that favors tolerance and repair. This provides a link between surface remodeling
and immune escape at the earliest stages of implantation [7,26,57–60].

5.2. Stromal Remodeling and Extracellular Matrix Architecture in Peritoneal Metastasis

If mesothelial remodeling allows gastric cancer cells to attach to the peritoneal surface,
stromal remodeling determines whether that attachment becomes a durable metastatic
lesion. Early contact with activated mesothelium or exposed matrix may provide the
first anchoring signals, but sustained growth requires construction of a supportive tissue
environment. Peritoneal metastasis is therefore not only a problem of tumor cell adhesion;
it is a problem of stromal acquisition [4,30,61].

The first requirement is stable matrix engagement. Once the mesothelial barrier is
disrupted or activated, components of the basement membrane and submesothelial matrix
become accessible. Tumor cells can then use integrins and other matrix-binding programs to
shift from fluid-phase survival to tissue anchorage. This transition is biologically important
because extracellular matrix engagement activates survival pathways, reorganizes the
cytoskeleton, modifies mechanotransduction, and can reduce vulnerability to apoptosis
and therapy-induced stress [7,18,62].
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Cancer-associated fibroblast-like populations are central to this transition, although
their origin in peritoneal metastasis may be diverse, including resident submesothelial
fibroblasts, mesothelium-derived or mesothelium-conditioned cells, adipose-associated
stromal cells, recruited precursors, and tumor-conditioned local stromal cells. Their shared
relevance lies in matrix production, trophic signaling, immune modulation, and stabiliza-
tion of early implants [4,7,18].

Extracellular matrix is the structural expression of this stromal adaptation. Collagen
deposition, fibronectin accumulation, matrix crosslinking, fiber alignment, and proteolytic
remodeling all influence how tumor cells survive and expand. In peritoneal disease, matrix
remodeling has a particularly strategic role: it converts a flat serosal surface into a three-
dimensional niche capable of sustaining tumor growth. The matrix is not simply a scaffold.
It regulates integrin signaling, growth factor availability, tissue stiffness, oxygen diffusion,
immune cell movement, and drug penetration [18,29].

The matrix-rich character of peritoneal implants also affects immune surveillance.
Dense or aligned extracellular matrix can keep lymphocytes at the periphery of lesions,
limit contact between effector cells and tumor cells, and favor accumulation of macrophages
or other repair-oriented immune populations. In this way, stromal architecture converts
inflammation into a poorly cytotoxic response. The result is not necessarily absence of
immune cells, but spatial immune inefficiency. Tumor cells may be surrounded by a
biologically active microenvironment that nevertheless fails to eliminate them [30,63].

Fibroblast–macrophage communication is likely to be a major organizer of this state.
Fibroblasts can recruit and retain myeloid cells through chemokines and matrix-associated
signals, while macrophages can sustain fibroblast activation through pro-fibrotic, angio-
genic, and inflammatory mediators. Together, these populations can generate a wound-
healing-like environment that supports implantation, suppresses effective lymphocyte
activity, and reinforces matrix deposition. In peritoneal metastasis, this cooperation is
especially relevant because the metastatic lesion must build and maintain its own stromal
foundation [42,61,64].

The omentum and other adipose-rich peritoneal sites add a further dimension. These
regions contain adipocytes, stromal progenitors, immune aggregates, vascular structures,
and extracellular matrix, making them favorable environments for metastatic implantation.
Adipose-associated stromal cells may differentiate into fibroblast-like populations, provide
trophic factors, and participate in matrix remodeling. At the same time, adipocytes can
supply metabolic substrates that support tumor survival. Thus, in omental disease, stromal
remodeling and metabolic support are closely linked [18,65,66].

Angiogenesis is also required for progression beyond microscopic deposits. Early
peritoneal implants may initially survive through diffusion and local stromal support,
but expanding lesions need vascular adaptation. Tumor cells, fibroblasts, macrophages,
mesothelial-derived cells, and adipose-associated populations can all contribute pro-
angiogenic signals. The resulting vasculature is often abnormal and heterogeneous, pro-
moting hypoxia, vascular permeability, ascites formation, and uneven drug delivery. Thus,
vascular remodeling supports growth while also contributing to the clinical and therapeutic
complexity of peritoneal disease [4,18,65,66].

The stromal architecture of peritoneal metastasis has direct pharmacological con-
sequences. Systemic therapies must reach surface-based deposits that may be poorly
vascularized, embedded in dense matrix, or protected within fibrotic niches. Even in-
traperitoneal therapies, which increase local exposure, must penetrate tumor nodules,
matrix layers, and spheroid-like structures. Drug concentration in the peritoneal cavity
does not guarantee drug access to every viable tumor cell. The physical and biochemical
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properties of the stroma therefore influence treatment response independently of tumor
genotype [4,58,63,67].

This is one reason why biomarker interpretation based only on epithelial targets may
be incomplete. A peritoneal lesion may express a therapeutic target, but stromal density,
poor perfusion, matrix barriers, and survival signals from fibroblasts or macrophages
may limit effective killing. Conversely, targeting the stroma without understanding its
functional state may be problematic, because some stromal responses may initially restrain
tumor spread or reflect host repair. The goal is unlikely to be the elimination of stromal
cells. A more plausible therapeutic strategy is stromal modulation: reducing excessive
matrix protection, improving immune access, normalizing vascular function, or disrupting
tumor–matrix survival pathways [18,63,68,69].

The temporal evolution of stromal remodeling should also inform treatment. Early
peritoneal disease may be most vulnerable to interventions that block adhesion, matrix
engagement, or fibroblast recruitment. Established carcinomatosis may require strategies
that modify mature collagen-rich stroma, suppress fibroblast–macrophage circuits, improve
drug penetration, or reverse immune exclusion. Minimal residual disease may persist in
small stromal niches that are not radiologically visible but are sufficient to cause recurrence.
Recognizing these stage-dependent stromal states may help explain why therapies effective
in low-volume disease often perform less well in advanced carcinomatosis [61,63].

5.3. Myeloid Reprogramming and Macrophage-Dominated Immune Suppression

The peritoneal metastatic niche is not immunologically inert, but its inflammatory
activity often fails to produce effective tumor rejection. One explanation is the dominance
of myeloid programs that convert inflammation into repair, remodeling, and immune
restraint. Resident and recruited macrophages can respond to tumor-derived cytokines,
chemokines, extracellular vesicles, metabolites, and damage-associated signals, shifting the
peritoneal compartment toward functions that support metastatic persistence rather than
tumor clearance [4,9,26,70].

The classical M1/M2 framework is insufficient to describe this process. Macrophages
in peritoneal metastasis may simultaneously express inflammatory mediators, matrix-
remodeling enzymes, angiogenic factors, scavenger receptors, inhibitory ligands, and
chemokines that regulate lymphocyte and fibroblast behavior. Their phenotype may differ
according to location: suspended in ascites, associated with tumor spheroids, positioned
at the mesothelial surface, embedded in stromal implants, or localized within omental
adipose tissue. It is therefore more useful to consider macrophages as plastic regulators
of the niche rather than as fixed polarization states. Although macrophages represent a
dominant myeloid component in many descriptions of gastric cancer peritoneal metasta-
sis, neutrophils may also contribute to peritoneal niche formation. Neutrophil-derived
cytokines, chemokines, proteases, reactive oxygen species, and angiogenic mediators can
promote inflammation, extracellular matrix remodeling, vascular activation, and tumor
cell survival. In the peritoneal cavity, neutrophils may also interact with ascitic fluid
components and tumor spheroids, potentially supporting immune suppression, implan-
tation, and early metastatic outgrowth. However, direct evidence defining neutrophil
functions specifically in gastric cancer peritoneal metastasis remains more limited than
for macrophage-centered mechanisms. Therefore, neutrophils should be considered an
important but still incompletely characterized component of the peritoneal inflammatory
niche [4,71,72].

In early dissemination, macrophages may influence whether free gastric cancer cells
are cleared or supported. In principle, they can phagocytose abnormal cells, present anti-
gen, and initiate adaptive immune responses. However, tumor cells that resist elimination
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can exploit macrophage-derived survival factors, proteases, and inflammatory mediators.
Macrophages may cluster around tumor aggregates, promote spheroid viability, and fa-
cilitate mesothelial disruption or matrix exposure. Thus, the same cells that participate in
surveillance can become early collaborators in implantation [4,71].

A major consequence of myeloid reprogramming is defective adaptive immunity.
Tumor-associated macrophages can suppress T-cell function through inhibitory cytokines,
checkpoint ligand expression, nutrient competition, arginine metabolism, prostaglandin
production, and recruitment of regulatory populations. They can also interfere with antigen
presentation by maintaining tolerogenic or poorly costimulatory conditions. In peritoneal
metastasis, these effects are amplified by the fact that macrophages operate across both solid
and fluid compartments. A macrophage-conditioned ascitic milieu can impair lymphocytes
even before they reach tumor deposits [26,29,73,74].

This distinction helps explain why inflammation in peritoneal disease may be clinically
misleading. The peritoneal cavity can appear inflamed, but the dominant immune program
may resemble chronic wound repair rather than cytotoxic tumor rejection. Macrophages
contribute to this state by promoting vascular permeability, extracellular matrix remodeling,
ascites formation, and suppression of effector lymphocyte activity. The result is an immune
environment that is biologically active but poorly protective [73,75,76].

Ascites is a major amplifier of myeloid reprogramming. Tumor-derived cytokines,
lactate, lipids, extracellular vesicles, hypoxia-associated factors, and cellular debris can
condition macrophages toward tumor-supportive states. In turn, macrophages release
mediators into the fluid that support spheroid survival, mesothelial activation, fibroblast
recruitment, angiogenesis, and T-cell dysfunction. Because ascites circulates throughout the
peritoneal cavity, this feedback loop can extend beyond individual implants and influence
the compartment as a whole [63,76].

Omental and adipose-rich sites provide an additional context for macrophage activity.
In these regions, macrophages are exposed to lipids, adipokines, stromal progenitors,
and immune aggregates. Tumor cells, adipocytes, and macrophages can form metabolic-
inflammatory circuits that favor implantation and growth. Lipid-loaded or metabolically
adapted macrophages may acquire functions that support tumor survival and suppress
antitumor immunity, linking the metabolic features of the peritoneal niche to immune
failure [76–78].

Macrophages also contribute to angiogenesis and ascites formation. By producing
VEGF and other pro-angiogenic mediators, they support vascular development within
metastatic deposits. However, the resulting vasculature is often abnormal, leaky, and
spatially heterogeneous. This can worsen hypoxia, increase vascular permeability, promote
fluid accumulation, and contribute to uneven drug delivery. Thus, macrophage-driven
angiogenesis supports growth while reinforcing several features that make peritoneal
disease difficult to treat [15,75,76].

The role of macrophages in tumor spheroid biology is increasingly relevant. Spheroids
in ascites can resist anoikis and therapy through cell–cell adhesion, hypoxia gradients, and
partial immune shielding. Macrophages may associate with these aggregates or condition
them through soluble mediators, enhancing viability and stress resistance. This suggests
that myeloid support is not limited to attached lesions. It may also sustain the mobile,
reseeding-competent phase of peritoneal disease [4,19,79–82].

Macrophage-related biomarkers may help stratify peritoneal disease. The balance
between macrophages and effector lymphocytes in ascites, expression of myeloid sup-
pressive programs, cytokine profiles, macrophage localization at tumor–stroma interfaces,
and association with matrix-rich regions may all provide information about therapeutic
vulnerability. Such biomarkers may be more informative when derived from ascites or
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peritoneal implants than from the primary tumor alone, because macrophage function is
strongly shaped by the local compartment [15,81].

5.4. Lymphoid Dysfunction and Immune Exclusion in the Peritoneal Compartment

The lymphoid compartment of gastric cancer peritoneal metastasis illustrates an im-
portant principle: the presence of immune cells is not equivalent to effective antitumor
immunity. Lymphocytes may be detected in ascites, peritoneal implants, omental tissue,
or stromal regions, yet their distribution and functional state often fail to support durable
tumor control. Compared with some primary gastric tumors, peritoneal metastases may be
less favorable for coordinated adaptive immunity, with reduced lymphocyte access, im-
paired antigen presentation, stromal exclusion, myeloid suppression, and ascites-associated
metabolic stress limiting effective cytotoxicity [8,19,83–85].

Immune failure may arise from several barriers. First, effector T-cell recruitment
may be inadequate when chemokine patterns favor suppressive myeloid cells, regula-
tory populations, or non-cytotoxic inflammation. Second, even when lymphocytes are
present, they may remain spatially separated from tumor cells by fibroblast-rich stroma,
dense extracellular matrix, abnormal vasculature, mesothelial-derived barriers, or spheroid
architecture. Thus, peritoneal disease creates both fixed and mobile forms of immune
exclusion across surfaces, implants, ascites, and tumor aggregates [23,26,29,85,86]. third
barrier is functional persistence. T cells entering the peritoneal compartment are exposed to
inhibitory cytokines, checkpoint ligands, nutrient competition, lactate, adenosine, hypoxia-
related stress, extracellular vesicles, and chronic antigenic stimulation. These conditions
can reduce proliferation, cytokine production, cytotoxicity, and metabolic fitness. Immune
failure in the peritoneal cavity is therefore not only checkpoint-mediated, but also shaped
by metabolic restriction and competition among tumor cells, macrophages, fibroblasts, and
other stromal populations [4,8,19,29,87].

Antigen presentation may also be compromised. The peritoneal cavity can contain
tumor antigens released by cell death, spheroid turnover, or tissue injury, but antigen avail-
ability does not guarantee productive immunity. Dendritic cells may be scarce, immature,
or functionally inhibited, while macrophages may process tumor material in a tolerogenic
rather than immunogenic context. If antigen is encountered in a milieu dominated by
wound-healing signals, suppressive cytokines, and stromal remodeling, the result may be
tolerance or dysfunction rather than T-cell priming [4,19].

Regulatory T cells and suppressive lymphoid states can further reinforce immune
failure by limiting effector T-cell activation, inhibiting antigen-presenting cells, and sta-
bilizing local tolerance. Natural killer cells may also be impaired by ascitic suppressive
factors, reducing early clearance of free tumor cells and spheroids before lesions become
fully stromalized [8,19,88–90].

5.5. Malignant Ascites as a Liquid Metastatic Microenvironment

Malignant ascites is one of the defining features of advanced gastric cancer peritoneal
metastasis. Clinically, it is associated with abdominal distension, impaired oral intake,
reduced mobility, repeated procedures, and poor prognosis. Biologically, it functions as
a liquid metastatic microenvironment in which tumor cells, spheroids, immune cells, cy-
tokines, chemokines, extracellular vesicles, metabolites, matrix fragments, and therapeutic
agents interact under conditions that differ from both the primary gastric tumor and at-
tached peritoneal implants. By allowing malignant cells to persist in suspension, interact
with host-derived cells, and reseed distant surfaces, ascites transforms peritoneal metastasis
into a compartment-wide process [4,26,29,91]. The main biological functions of malignant
ascites as a fluid-phase metastatic compartment are summarized in Figure 4.
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Figure 4. Malignant ascites as a liquid metastatic microenvironment. Malignant ascites functions as
an active fluid-phase compartment in gastric cancer peritoneal metastasis. It contains free tumor cells,
multicellular spheroids, extracellular vesicles, cytokines, chemokines, metabolites, macrophages,
and dysfunctional lymphocytes. Through these components, ascites supports tumor cell survival,
enables compartment-wide signaling, promotes immune dysfunction, provides metabolic support,
and facilitates reseeding of conditioned peritoneal surfaces.

Tumor cells in ascites must remain viable without stable extracellular matrix attach-
ment. Resistance to anoikis, cell–cell adhesion, stress-response programs, and spheroid
formation are therefore central to fluid-phase survival. Spheroids may act as mobile
metastatic units that protect tumor cells from immune and therapeutic stress, preserve
stem-like or quiescent states, and increase the probability of mesothelial adhesion and
reseeding [23,29,79,92,93].

Ascitic fluid is also a reservoir of soluble and vesicle-mediated communication. Tumor
cells, macrophages, mesothelial cells, fibroblasts, adipose-associated cells, and lymphocytes
release cytokines, chemokines, growth factors, metabolites, matrix fragments, and extracel-
lular vesicles into the fluid. These signals can promote mesothelial activation, fibroblast
remodeling, macrophage polarization, immune suppression, spheroid survival, and drug
resistance across anatomically distant peritoneal surfaces [4,29,91].

The immune and metabolic composition of ascites often favors tumor persistence
rather than elimination. Macrophages, lymphocytes, neutrophils, dendritic cells, natu-
ral killer cells, and tumor cells may coexist in the fluid, but suppressive myeloid states,
impaired lymphocyte function, lactate, lipids, amino acid derivatives, adenosine, hypoxia-
associated factors, and oxidative stress can jointly support immune dysfunction, angiogen-
esis, fibrosis, and tumor survival [15,22,29,87].

The relationship between ascites and attached lesions is bidirectional. Peritoneal im-
plants shed tumor cells, extracellular vesicles, cytokines, and matrix fragments into the fluid,
while ascitic spheroids can reseed peritoneal surfaces and generate new implants. This
exchange creates a feedback loop between solid and liquid disease compartments [29,91].

Ascites also offers an opportunity for repeated monitoring. Cytology, cell blocks,
flow cytometry, single-cell sequencing, extracellular vesicle profiling, cytokine analysis,
metabolomics, and functional testing may provide information about tumor viability,
immune state, spheroid biology, and treatment response. However, ascites should be
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interpreted alongside tissue-based assessment because fluid cells may not fully represent
stromal implants or spatial immune exclusion [29,55,91].

5.6. Metabolic Adaptation and Adipose-Associated Support in the Peritoneal Niche

Peritoneal metastasis requires substantial metabolic flexibility. Gastric cancer cells
leaving the primary tumor may persist as free cells, form spheroids in ascites, attach to
mesothelial surfaces, invade submesothelial stroma, or expand within adipose-rich regions
such as the omentum. These states impose pressures that are not fully represented by the
primary gastric tumor, including loss of matrix attachment, oxygen and nutrient gradients
within spheroids, restricted diffusion in fibrotic implants, abnormal vascularization, and
compartment-wide metabolic exchange through ascites [4,23,29,65].

Spheroid formation creates a small metabolic ecosystem within ascites. Peripheral
cells may have greater access to oxygen and nutrients, whereas inner cells may become
hypoxic, quiescent, or stress-resistant. This heterogeneity may contribute to drug tolerance
and allow spheroids to serve as reservoirs for reseeding after therapy [26,79].

The omentum and mesenteric fat provide another major metabolic advantage. These
adipose-rich structures are frequent sites of peritoneal implantation and cannot be viewed
only as passive anatomical traps. Adipocytes can release fatty acids, adipokines, inflamma-
tory mediators, and extracellular vesicles that influence tumor cell survival and phenotype.
Tumor cells may induce lipolysis, take up fatty acids, and use lipid metabolism to support
energy production, membrane synthesis, redox balance, or survival under stress. This
adipose–tumor metabolic coupling may be particularly relevant in the peritoneal cavity,
where glucose availability, oxygenation, and vascular access can be variable [65,78].

Adipose-associated stromal cells further expand the supportive role of these sites.
They can provide growth factors, differentiate into fibroblast-like populations, produce
extracellular matrix, and interact with macrophages and lymphocytes. In the omentum,
metabolic, stromal, and immune support are closely linked: adipocytes supply energy-rich
substrates, stromal cells stabilize implants, and macrophages shape inflammatory and
immunosuppressive responses. This integrated niche may help explain why omental
involvement is common in peritoneal carcinomatosis [4,18].

Hypoxia has particular relevance in peritoneal metastasis. It may develop within
spheroids, poorly vascularized surface implants, dense stromal deposits, or ascites-
associated aggregates. Hypoxia-inducible programs can enhance survival, angiogenesis,
invasion, metabolic switching, and resistance to therapy. They may also increase vascu-
lar permeability and contribute to ascites formation. In established lesions, hypoxia and
matrix remodeling can reinforce one another: dense extracellular matrix limits diffusion,
while hypoxic signaling promotes fibroblast activation, angiogenesis, and further matrix
deposition [4,26,93].

6. The Transition from Primary Tumor to Established Peritoneal Disease
Peritoneal metastasis in gastric cancer should be understood as a progressive transition

rather than as a single event. Tumor cells may reach the peritoneal cavity through serosal
invasion, exfoliation, or local tissue disruption, but dissemination and colonization are
not equivalent. Clinically relevant disease emerges only when tumor cells survive loss of
attachment, form free-floating aggregates or spheroids, adhere to activated mesothelium,
invade the submesothelial compartment, and acquire stromal, vascular, metabolic, and
immune support. These stages explain why peritoneal disease may remain biologically
active but radiologically occult before becoming clinically dominant [4,23,27,94,95].

As lesions mature, attached implants and fluid-phase disease begin to reinforce one
another. Implants shed tumor cells, cytokines, extracellular vesicles, and matrix fragments
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into ascites, while ascitic tumor cells and spheroids can reseed additional surfaces. This
feedback converts peritoneal metastasis from a set of isolated deposits into a compartmental
disease sustained by stromal remodeling, ascites-mediated signaling, immune dysfunction,
and metabolic adaptation [4,26,29,32].

This distinction is relevant for clinical classification. Patients with positive peritoneal
cytology, limited peritoneal implants, diffuse carcinomatosis, and massive ascites are often
grouped under the broad label of peritoneal metastasis. Biologically, however, these states
may differ. Positive cytology may indicate dissemination without established stromal
disease. Limited implants may indicate successful adhesion and early anchoring. Ascites-
rich carcinomatosis may indicate a mature compartmental process. Recognizing these
differences could improve patient stratification, trial design, and selection of peritoneal-
directed therapies [3,96]. The major biological states along the transition from primary
tumor-derived dissemination to established peritoneal disease are summarized in Table 1.

Table 1. Peritoneal disease states in gastric cancer: biological features, informative samples, and
translational implications.

Peritoneal Disease
State

Dominant Biological
Process

Key Microenvironmental
Features

Most Informative
Samples

Main Translational
Implication

High-risk primary
tumor without
detectable
peritoneal disease

Generation of
dissemination-
competent tumor
states

Serosal proximity, invasive-front
remodeling, immune–stromal
selection, matrix remodeling,
tumor cell plasticity

Primary tumor
biopsy/surgical specimen,
invasive front,
serosa-adjacent tissue

Primary tumor profiling
may identify risk, but does
not prove peritoneal
colonization

Positive peritoneal
cytology/occult free
tumor cells

Intraperitoneal
dissemination without
established
macroscopic implants

Free tumor cells, early anoikis
resistance, possible spheroid
initiation, exposure to peritoneal
immune surveillance

Peritoneal lavage,
cytology cell block,
molecular lavage assays

Represents a potential
therapeutic window before
stable stromal anchoring

Free-floating
spheroid-dominant
disease

Fluid-phase survival
and reseeding
potential

Multicellular aggregates, cell–cell
survival signaling, partial immune
shielding, ascitic soluble factors,
extracellular vesicles

Ascites, cytology cell
block, single-cell ascites
profiling, spheroid assays

Therapies should address
spheroid survival, anoikis
resistance, and fluid-phase
tumor reservoirs

Early microscopic
implantation

Adhesion to
mesothelium and
access to
submesothelial matrix

Mesothelial activation, junctional
loosening, basement membrane
exposure, early
macrophage/fibroblast
recruitment

Peritoneal lavage, targeted
peritoneal biopsy if
feasible, spatial tissue
analysis

Anti-adhesion,
mesothelial-conditioning, or
early niche-interruption
strategies may be most
relevant

Limited
macroscopic
peritoneal implants

Stromal anchoring
and early metastatic
outgrowth

CAF-like stromal support, ECM
deposition, macrophage
recruitment, emerging immune
exclusion, abnormal vascular
adaptation

Peritoneal implant biopsy,
omental biopsy, PCI
assessment, spatial
profiling

Disease may still be suitable
for locoregional or combined
systemic–regional strategies

Ascites-dominant
carcinomatosis

Compartment-wide
fluid–surface disease

Malignant ascites, tumor
spheroids, macrophage-rich
inflammation, dysfunctional
lymphocytes, soluble
cytokines/EVs/metabolites,
reseeding

Ascites, cytology cell
block, immune/metabolic
profiling, serial sampling

Ascites should be treated as
a biological disease
compartment, not only as a
symptom

Fibrotic/stromal-
rich carcinomatosis

Mature niche
protection and
therapeutic insulation

Dense ECM, stromal barriers, poor
vascularization, immune exclusion,
hypoxia, limited drug penetration

Peritoneal biopsy, omental
biopsy, spatial
ECM/immune analysis,
imaging/PCI

Therapeutic failure may be
driven by niche protection
rather than tumor target
absence

Post-treatment
residual peritoneal
disease

Survival of protected
microscopic or
fluid-phase reservoirs

Residual spheroids, microscopic
implants, treatment-induced
fibrosis, persistent suppressive
immune states, molecular residual
disease

Serial ascites/lavage,
cytology, molecular
residual disease assays,
repeat biopsy when
feasible

Requires longitudinal
monitoring; radiological
stability may underestimate
biological persistence

The same logic applies to sampling. Peritoneal lavage, ascites, cytology cell blocks,
omental biopsies, and peritoneal implants do not provide interchangeable information.
They sample different phases of disease. Lavage may capture free-cell dissemination or
early peritoneal exposure. Ascites reflects fluid-phase survival, immune suppression, and
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soluble communication. Peritoneal biopsies reveal stromal anchoring, matrix architec-
ture, and immune exclusion. Omental lesions highlight adipose-associated and stromal-
metabolic support. A comprehensive understanding of peritoneal metastasis requires
aligning the sample type with the biological state being interrogated [29,32,96].

This framework also reframes the comparison with the primary tumor. The primary
lesion creates the possibility of dissemination by generating invasive, stress-tolerant, and
immune-evasive tumor cell states. The peritoneal compartment determines whether these
states become clinically consequential. The same biological processes may therefore serve
different purposes across sites. In the primary tumor, stromal remodeling facilitates inva-
sion; in the peritoneum, it supports implantation. In the primary tumor, immune escape
permits local expansion; in the peritoneum, immune failure permits survival across fluid
and surface compartments. In the primary tumor, metabolic adaptation supports growth
within abnormal tissue; in the peritoneum, it supports suspension survival, spheroid
persistence, and adipose-associated growth [4,65,93].

In summary, gastric cancer peritoneal metastasis develops through a stepwise transi-
tion from primary tumor-derived dissemination to established compartmental disease. This
perspective explains why exfoliation is not equivalent to metastasis, why peritoneal disease
may remain occult before becoming clinically dominant, and why primary tumor biomark-
ers are informative but incomplete. Understanding these transitional states is essential
for developing therapies that prevent implantation, eradicate minimal residual peritoneal
disease, or disrupt the mature niche that sustains established carcinomatosis [4,93,96].

7. Therapeutic Implications of Microenvironmental Divergence
The therapeutic implications discussed in this section should be interpreted according

to the maturity of the available evidence. Standard systemic therapy remains the main
established treatment backbone for most patients with advanced gastric cancer and peri-
toneal metastasis, whereas peritoneal-directed strategies, niche-informed combinations,
biomarker-guided compartmental sampling, and imaging- or radiomics-based approaches
remain variably supported by clinical, translational, or hypothesis-generating evidence.
Therefore, these concepts are presented as potential directions for patient stratification, trial
design, and translational research rather than as established standards of care, unless ex-
plicitly stated otherwise. The biological divergence between the primary gastric tumor and
peritoneal metastasis has direct therapeutic consequences. Peritoneal disease is difficult to
treat not only because it represents advanced cancer, but because the compartment in which
it develops modifies several determinants of response: drug delivery, stromal protection,
immune accessibility, tumor cell state, spheroid architecture, ascites-mediated signaling,
and metabolic adaptation. These factors help explain why systemic therapy often provides
limited control of peritoneal metastasis and why treatment selection based only on primary
tumor features may be insufficient [4]. The main microenvironmental mechanisms that
contribute to therapeutic resistance in gastric cancer peritoneal metastasis are summarized
in Figure 5.

A central therapeutic problem is access. Most systemic treatments rely on vascular
delivery, whereas peritoneal metastases often develop as small, superficial, multifocal, and
stromal-rich deposits. Some lesions are poorly vascularized or embedded within fibrotic
tissue; others exist as free-floating tumor cells or spheroids in ascites. These disease forms
are unlikely to experience drug exposure in the same way as a vascularized primary tumor
or a hematogenous metastasis. Effective plasma drug concentration does not necessarily
translate into effective peritoneal tumor exposure [4,32,58].

https://doi.org/10.3390/cells15121055

https://doi.org/10.3390/cells15121055


Cells 2026, 15, 1055 22 of 41

Figure 5. Mechanisms of therapeutic resistance in gastric cancer peritoneal metastasis. Therapeutic
resistance in peritoneal metastasis results from the combined effects of tumor-intrinsic adaptation and
microenvironmental protection. Dense extracellular matrix, irregular vascularization, and mesothelial
or stromal barriers can limit drug delivery to peritoneal implants. At the same time, macrophage-
dominated inflammation, dysfunctional lymphocytes, stromal cross-talk, hypoxia, metabolic stress,
and spheroid-associated or stem-like tumor states can reduce sensitivity to systemic, locoregional,
targeted, and immune-based therapies. These overlapping mechanisms support tumor persistence
and may contribute to recurrence after treatment.

This problem extends beyond penetration into macroscopic nodules. Peritoneal dis-
ease is distributed across surfaces and fluid. A systemic agent must reach attached implants
through abnormal vasculature, enter the peritoneal fluid compartment, penetrate spheroids,
and remain active in the presence of soluble survival signals. Each step can reduce efficacy.
This may partly explain why peritoneal progression can occur despite apparent control of
disease at other sites [29].

Ascites further complicates pharmacology. It can dilute locally administered drugs,
alter distribution and clearance, and provide tumor-protective signals. Tumor spheroids
suspended in ascites may be shielded by cell–cell adhesion, extracellular matrix-like de-
posits, hypoxia gradients, and quiescent inner cell populations. Even direct exposure to
drug-containing fluid may therefore fail to eliminate all viable tumor cells. The fluid phase
of disease should be considered a therapeutic compartment, not simply a clinical symptom.

Locoregional therapies are attractive because they attempt to address this compartment
directly. Intraperitoneal chemotherapy, hyperthermic intraperitoneal chemotherapy, pres-
surized intraperitoneal aerosol chemotherapy, and other peritoneal-directed approaches
are based on the premise that peritoneal metastasis requires regional treatment. However,
local delivery does not eliminate biological barriers. Drug distribution may remain hetero-
geneous, penetration into tumor nodules may be limited, and dense matrix or spheroid
architecture may protect tumor cells. The success of locoregional therapy depends not
only on where the drug is delivered, but on the state of the peritoneal niche at the time of
treatment [58,93,97,98].

Timing is therefore critical. Peritoneal-directed strategies may be more effective in
microscopic, low-volume, or cytology-positive disease, before mature stromal architecture,
high-volume ascites, and extensive immune suppression are established. In advanced
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carcinomatosis, the challenge is different: therapy must overcome fibrotic implants, ab-
normal vasculature, ascitic tumor reservoirs, and compartment-wide immunosuppression.
Preventing implantation and treating mature peritoneal disease are biologically distinct
goals and should not be approached as if they were the same clinical problem [4,18,58].

The stromal compartment is a major mediator of therapeutic resistance. Fibroblasts
and extracellular matrix can limit drug penetration, provide survival signals, alter tumor
metabolism, and restrict immune cell access. In peritoneal metastasis, this protection
is especially relevant because tumor cells require stromal anchoring to convert surface
attachment into durable growth. Once established, this scaffold can shield tumor cells from
both systemic and intraperitoneal treatment.

For this reason, stromal modulation may be more realistic than stromal elimination.
The aim would be to reduce excessive matrix protection, improve drug penetration, nor-
malize aspects of vascular function, disrupt tumor–matrix survival signaling, or increase
immune accessibility. Such approaches may be particularly valuable in combination with
chemotherapy, targeted therapy, or immunotherapy. However, stromal targeting requires
caution, because some stromal responses may reflect host attempts to contain disease or
repair tissue injury. The therapeutic goal should be to remodel a protective niche, not
indiscriminately remove all stromal components [4,18,58].

The myeloid compartment represents another therapeutic target. Macrophages and
related populations contribute to stromal remodeling, angiogenesis, ascites formation,
spheroid survival, and suppression of adaptive immunity. In the peritoneal cavity, their
influence extends across both attached lesions and fluid compartments. Strategies that
block monocyte recruitment, inhibit macrophage survival signals, reprogram suppressive
macrophage states, or disrupt macrophage–fibroblast communication could weaken the
niche that sustains peritoneal disease. As with stroma, functional reprogramming may be
preferable to broad depletion, given the homeostatic and antimicrobial roles of peritoneal
macrophages [26,71,88].

These considerations are particularly relevant to immunotherapy. Immune checkpoint
inhibition depends on the presence of tumor-reactive lymphocytes that can enter lesions,
persist, and function. In peritoneal metastasis, each of these requirements may be compro-
mised. Effector cells may be poorly recruited, trapped at stromal margins, suppressed by
macrophages, metabolically impaired by ascites, or unable to penetrate spheroids. There-
fore, checkpoint blockade may fail even when tumor-intrinsic markers suggest potential
immunogenicity [90].

Rational immunotherapy combinations should address the dominant immune barrier
in the peritoneal compartment. In some patients, the limiting factor may be insufficient effec-
tor T-cell recruitment. In others, it may be stromal exclusion, macrophage-dominated sup-
pression, defective antigen presentation, regulatory lymphocyte enrichment, or metabolic
inhibition. Peritoneal-specific immune profiling may help identify which barrier is most
relevant. The therapeutic question is not only whether the tumor can be recognized, but
whether the peritoneal niche permits immune execution.

Metabolic adaptation also creates therapeutic vulnerabilities. Peritoneal tumor cells
may rely on lipid utilization, hypoxia-response programs, spheroid-associated stress tol-
erance, lactate signaling, and metabolic exchange with adipose-rich structures. These
dependencies may not be evident from primary tumor profiling alone. Targeting fatty
acid uptake or oxidation, lactate-mediated suppression, hypoxia adaptation, or spheroid
survival pathways could theoretically weaken peritoneal disease. However, metabolic
strategies require careful validation because many pathways are shared by tumor and
normal host cells [29,87,93].
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Ascites-directed therapy deserves particular consideration. Current management is
often palliative, focused on drainage and symptom relief. A microenvironmental perspec-
tive suggests that ascites should also be viewed as a biological target. It contains viable
tumor cells, spheroids, suppressive immune populations, extracellular vesicles, cytokines,
metabolites, and factors that condition mesothelium and stroma. Therapies that reduce
ascites formation, eliminate tumor spheroids, neutralize soluble survival signals, or restore
immune function within the fluid compartment may reduce reseeding and improve disease
control [26,29,58,98].

Targeted therapy must also be interpreted through the peritoneal niche. Expression of
HER2, CLDN18.2, FGFR2b, MET, or other targets is commonly assessed in primary tumor
tissue, but peritoneal response may depend on target preservation in metastatic lesions,
tissue penetration, stromal shielding, spheroid architecture, immune effector mechanisms,
and compensatory survival signals. A lesion may express a target yet remain protected
by poor access or microenvironmental rescue. Conversely, peritoneal lesions may acquire
dependencies not prominent in the sampled primary tumor. When feasible, metastatic or
ascitic sampling may therefore improve therapeutic interpretation.

Antibody-based therapies and antibody–drug conjugates may be especially sensitive
to microenvironmental context. Their activity depends not only on antigen expression, but
also on delivery, tissue penetration, internalization, bystander effects, and interaction with
immune effector cells. In a macrophage-rich, lymphocyte-poor, matrix-dense peritoneal
niche, these variables may differ from those in the primary tumor. Understanding why
such therapies succeed or fail in peritoneal disease will require analysis of both tumor
target expression and niche architecture [32,99].

The same logic applies to cellular therapies and regional immune approaches. The
peritoneal cavity is anatomically accessible, making intraperitoneal delivery attractive.
However, infused cells must persist in a hostile environment characterized by suppressive
cytokines, hypoxia, nutrient competition, ascites, macrophage dominance, and stromal
barriers. Successful cellular therapy may therefore require engineering or combination
strategies that improve trafficking, persistence, resistance to suppression, and activity
against both spheroids and attached implants [90,100,101].

Therapeutic strategy should also distinguish prevention of peritoneal recurrence from
treatment of established carcinomatosis. In high-risk patients with serosal invasion, positive
cytology, or minimal peritoneal disease, the goal may be to eliminate free cells, prevent
spheroid formation, block adhesion, or interrupt early niche conditioning. In established
ascites-rich carcinomatosis, the goal shifts toward disrupting mature stromal and immune
support, controlling the fluid reservoir, and improving drug penetration. These are different
biological states and should be reflected in treatment design [3,58].

Surgery and cytoreductive approaches should also be interpreted through this lens.
Cytoreduction reduces macroscopic burden, but recurrence may arise from microscopic
implants, residual spheroids, or a conditioned peritoneal environment. Completeness of
cytoreduction is therefore not only a surgical measure; it reflects the extent to which the
visible disease component has been removed. Durable benefit may require combining
cytoreduction with therapies that address residual fluid-phase disease and niche-mediated
survival [3,58,96].

Clinical trial design should better reflect peritoneal biology. Patients with positive
cytology only, limited implants, and diffuse ascites-rich carcinomatosis should not be
treated as a homogeneous population. Stratification by peritoneal cancer index, ascites
status, cytology, prior treatment, resectability, and locoregional therapy exposure may im-
prove interpretation. Correlative studies should include peritoneal compartment samples
whenever feasible, rather than relying exclusively on archival primary tumor tissue.
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Endpoints should also be adapted. Overall survival remains essential, but peritoneal
disease produces clinically meaningful effects that may not be captured by conventional
response criteria. Cytology conversion, ascites control, paracentesis-free interval, peritoneal
cancer index reduction, time to bowel obstruction, nutritional stabilization, symptom
burden, and quality of life may all reflect therapeutic benefit. These endpoints should not
be viewed as secondary details; they correspond to the biological and clinical behavior of
the peritoneal compartment [29,58,96,102].

Treatment-induced niche remodeling is another important consideration. Chemother-
apy may reduce tumor burden but also promote inflammation, fibrosis, macrophage
recruitment, or stromal repair. Anti-angiogenic therapy may alter vascular permeability
and ascites but may also modify hypoxia. Immunotherapy may activate lymphocytes
without overcoming stromal exclusion or macrophage suppression. Intraperitoneal ther-
apy may reduce superficial disease while leaving protected spheroids or fibrotic implants.
Understanding these adaptive responses may help explain relapse and guide sequenc-
ing [4,29,93].

In summary, the therapeutic challenge of gastric cancer peritoneal metastasis is not
limited to the malignant epithelial cell. The peritoneal niche modifies drug exposure,
protects tumor cells, suppresses immunity, supports metabolic adaptation, and permits
recurrence through fluid-phase reseeding. Effective treatment will likely require stage-
adapted and compartment-aware strategies that combine tumor-directed therapy with
approaches targeting stromal protection, myeloid suppression, ascites biology, metabolic
dependencies, and drug delivery barriers. This shift from tumor-only treatment to niche-
informed therapy is essential for improving outcomes in peritoneal disease [4,26,29,93].

7.1. Biomarker Development: Moving Beyond the Primary Tumor Sample

Biomarker development in gastric cancer peritoneal metastasis is limited by a fun-
damental sampling problem: the tissue most often analyzed is not always the tissue that
determines the clinical course. In routine practice, biomarkers are frequently assessed in
diagnostic biopsies or surgical specimens from the primary gastric tumor. This approach
is practical and remains essential for histological and molecular classification, but it may
not capture the biological state of established peritoneal disease. When progression is
driven by ascites, microscopic implants, stromal-protected lesions, or immune suppression
within the peritoneal cavity, primary tumor profiling provides only part of the relevant
information [4,29,32].

The goal should therefore not be to replace primary tumor biomarkers, but to comple-
ment them with compartment-specific markers. The primary tumor defines the origin of
the disease and provides critical information on histology, molecular subtype, mismatch
repair status, HER2 expression, PD-L1 expression, CLDN18.2 expression, and other thera-
peutic targets. Peritoneal samples, by contrast, can reveal whether disseminated cells have
acquired fluid-phase survival programs, whether the mesothelial surface is conditioned
for implantation, whether metastases are stromal-rich or immune-excluded, and whether
ascites contains suppressive or tumor-supportive mediators. These are different biological
questions and require different sampling strategies [32,35,96]. To summarize these practical
differences, Table 2 compares the main clinical and translational implications of primary
tumor–peritoneal niche divergence.
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Table 2. Practical comparison of primary tumor and peritoneal niche features, highlighting evidence
type, clinical implications, and therapeutic relevance in gastric cancer peritoneal metastasis.

Biological
Domain Primary Tumor Feature Peritoneal Niche Feature Evidence Type Clinical Implication Therapeutic Relevance

Anatomical
context

Organ-embedded
tumor within the
gastric wall

Surface-based implants and
fluid-phase disease within
the peritoneal cavity

Clinical and
translational

Primary tumor biology
may not fully represent
the compartment
driving symptoms and
progression

Supports site-specific
interpretation of disease
behavior and treatment
response

Tumor cell
state

Invasive tumor cells
shaped by gastric wall
stroma, immune
pressure, and local
hypoxia

Detached cells,
multicellular spheroids,
and implanted tumor cells
adapted to suspension,
adhesion, and mesothelial
invasion

Translational
and preclinical

Peritoneal disease may
include
non-measurable
fluid-phase tumor
populations in addition
to solid implants

Therapies may need
activity against both
attached implants and
free-floating tumor
aggregates

Mesothelial
interaction

Usually absent from
routine primary tumor
assessment

Tumor adhesion to
activated or disrupted
mesothelium, followed by
submesothelial invasion

Mainly
preclinical and
translational

Peritoneal biopsy may
capture implantation
biology not inferred
from primary tumor
sampling

Mesothelial adhesion and
invasion pathways
remain investigational
targets

Stromal and
ECM
remodeling

Desmoplasia, fibroblast
activation, and matrix
remodeling at invasive
fronts

Submesothelial stromal
anchoring, fibrosis, matrix
remodeling, and barriers to
drug penetration

Translational
and preclinical

Stromal-rich peritoneal
lesions may resist
therapy despite
actionable primary
tumor biomarkers

Supports investigation of
stromal modulation and
improved intraperitoneal
drug delivery

Immune
microenvi-
ronment

Variable immune
infiltration, immune
exclusion, tertiary
lymphoid structures, or
PD-L1 expression in
primary tissue

Myeloid-dominant
inflammation, T-cell
dysfunction, immune
exclusion, and
ascites-associated
immunosuppression

Clinical and
translational

Primary tumor
immune markers may
not fully reflect the
immune state of
peritoneal disease

May help explain limited
immunotherapy efficacy
in some patients with
peritoneal metastasis

Malignant
ascites

No equivalent fluid
compartment in the
primary gastric tumor

Tumor cells, spheroids,
immune cells, cytokines,
extracellular vesicles,
metabolites, and stromal
mediators in ascitic fluid

Clinical,
translational,
and preclinical

Ascites cytology, cell
blocks, and molecular
analysis may provide
additional biological
information when
feasible

Ascites-mediated
survival and resistance
remain important
research and therapeutic
targets

Biomarker
expression

HER2, PD-L1,
MSI/MMR, CLDN18.2,
FGFR2b, MET, and
other markers are
commonly assessed in
primary tissue

Biomarker expression may
differ between primary
tumor, peritoneal implants,
and ascites-derived tumor
cells

Clinical and
translational

Re-biopsy or
ascites-based testing
may be useful in
selected patients with
progression or
discordant response

May refine targeted
therapy selection, but
prospective validation is
needed

Drug
accessibility

Systemic therapy
reaches the tumor
through vascularized
gastric wall tissue

Peritoneal implants may
have limited
vascularization, stromal
shielding, spheroid
architecture, and
ascites-mediated dilution or
sequestration

Clinical,
translational,
and preclinical

Lack of response may
reflect compartmental
barriers, not only
intrinsic tumor
resistance

Supports investigation of
intraperitoneal delivery
approaches, while
avoiding overstatement
of established benefit

Response
assessment

Primary or visceral
lesions may be
measurable by
conventional imaging

Diffuse implants, ascites,
bowel dysfunction,
nutritional decline, and
positive cytology may be
poorly captured by RECIST

Clinical

Imaging alone may
underestimate
peritoneal disease
burden or progression

Supports integrating
imaging with symptoms,
ascites dynamics,
cytology, and functional
status

Translational
modeling

Primary tumor tissue,
bulk molecular
profiling, and
tumor-derived
organoids are
commonly used

Peritoneal biopsies,
ascites-derived spheroids,
co-culture systems,
single-cell analysis, and
spatial profiling may better
model peritoneal disease

Translational
and preclinical

Models should reflect
both fluid-phase and
surface-based disease

Useful for studying
niche-mediated resistance
and testing
peritoneal-directed
strategies

In practical terms, peritoneal compartment assessment may be most informative in
selected clinical or translational contexts: when peritoneal disease is the dominant site
of progression, when treatment response differs between primary or visceral lesions and
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peritoneal disease, when ascites is clinically significant and accessible for cytology or cell-
block preparation, or when enrollment in biomarker-driven or peritoneal-directed clinical
trials is being considered. Peritoneal biopsy, ascites analysis, lavage cytology, and cytol-
ogy cell blocks should therefore be viewed as complementary to primary tumor profiling
rather than as routine replacements for it. At present, established clinical biomarkers
in gastric cancer remain primarily tumor-centered, including HER2, MSI/MMR status,
PD-L1 CPS, and, where available, CLDN18.2 or other approved target markers. By con-
trast, ascites-derived immune signatures, spatial immune organization, fibroblast subsets,
mesothelial activation markers, spheroid phenotypes, extracellular vesicles, and radiomics-
based features remain investigational and require prospective validation before routine
clinical use. A peritoneal-specific biomarker framework should integrate several specimen
types: peritoneal implants, omental lesions, ascites, peritoneal lavage, cytology cell blocks,
and, when informative, circulating tumor DNA. Each captures a distinct layer of disease.
Tissue biopsies reveal architecture, matrix organization, vascular proximity, immune ex-
clusion, and tumor–stroma interactions. Ascites captures the fluid phase, including free
tumor cells, spheroids, immune populations, extracellular vesicles, soluble mediators, and
metabolites. Lavage may detect occult dissemination or early peritoneal exposure before
macroscopic disease develops. Cytology cell blocks may provide tumor material when
tissue biopsy is not feasible. None of these samples is complete alone; their value lies in
their complementarity [29,96,103].

Ascites is particularly useful because it can sometimes be sampled repeatedly. Se-
rial analysis may show whether therapy reduces viable tumor cells, disrupts spheroids,
modifies macrophage or lymphocyte populations, changes cytokine patterns, or alters
metabolic suppression. This longitudinal potential is important in peritoneal metastasis,
where radiological assessment is often insensitive and tissue access may be limited. Ascites
can therefore function as a dynamic window into the peritoneal compartment [29,96,103].

However, ascites should not be treated as a perfect surrogate for attached lesions. Its
composition is influenced by tumor burden, vascular permeability, lymphatic obstruction,
inflammation, nutritional status, prior therapy, and sampling conditions. Tumor cells sus-
pended in fluid may differ from tumor cells embedded in stromal implants. Lymphocytes
in ascites may not reflect lymphocytes excluded from tumor nests. Soluble mediators may
originate from tumor cells, macrophages, mesothelial cells, fibroblasts, adipose tissue, or
systemic inflammation. Ascites-based biomarkers must therefore be interpreted in relation
to tissue findings and clinical context [29,32,96].

Peritoneal lavage offers a different opportunity, particularly in patients without visible
peritoneal disease. Conventional cytology can identify free intraperitoneal cancer cells,
but it provides limited biological information. More informative approaches could assess
tumor-derived nucleic acids, epithelial markers, extracellular vesicle cargo, immune me-
diators, mesothelial activation signals, or early stromal conditioning. Such markers may
help distinguish transient tumor cell shedding from biologically meaningful peritoneal
colonization risk. This distinction is clinically important because the presence of free cells
alone does not necessarily indicate that the peritoneal niche is permissive [26,103,104].

Cytology-positive disease deserves special consideration. It occupies an intermediate
state between localized gastric cancer and established peritoneal metastasis. It indicates that
tumor cells have reached the peritoneal cavity, but not necessarily that stromal implants,
mature ascites, or compartment-wide immune suppression are present. Biomarkers in
this setting should therefore focus on early survival and implantation potential: anoikis
resistance, spheroid formation, mesothelial adhesion programs, immune evasion in fluid,
and signs of peritoneal conditioning. Treating cytology-positive disease as biologically
identical to diffuse carcinomatosis risks missing an important therapeutic window [3,105].
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Solid peritoneal biopsies remain essential because they provide spatial information
that fluid cannot capture. The density and orientation of extracellular matrix, the localiza-
tion of macrophages, the proximity of cytotoxic lymphocytes to tumor cells, the presence
of mesothelial-derived stromal changes, and the organization of vascular structures all
require tissue context. A lesion may contain immune cells but remain functionally immune-
excluded if those cells are confined to stromal margins. Similarly, fibroblast abundance
is less informative than fibroblast position, matrix architecture, and relationship to tu-
mor nests.

For this reason, spatial biomarkers may be especially valuable in peritoneal metas-
tasis. Relevant features include tumor–lymphocyte distance, stromal thickness, collagen
organization, macrophage localization at tumor–stroma interfaces, vascular proximity, and
distribution of mesothelial or fibroblast-like populations. These features cannot be inferred
reliably from bulk expression data. A transcriptomic signature may suggest inflammation,
but spatial analysis is needed to determine whether that inflammation is tumor-directed or
trapped outside malignant regions [4,18,29,32].

Spheroid biology should also be incorporated into biomarker development. Tumor
aggregates in ascites may represent a clinically relevant reservoir of disease and a source of
reseeding. Useful markers may include cell–cell adhesion programs, extracellular matrix
incorporation, hypoxia-related features, stemness-associated states, immune shielding,
and drug penetration characteristics. Spheroid-rich ascites may identify patients in whom
fluid-phase disease is a major driver of recurrence or treatment resistance [4,29,93].

Immune biomarkers require peritoneal-specific interpretation. In the primary tumor,
PD-L1 expression, mismatch repair deficiency, Epstein–Barr virus status, tumor mutational
burden, and immune infiltration may inform immunotherapy decisions. In peritoneal
disease, these markers should be complemented by measures of immune accessibility
and function: effector-to-regulatory T-cell balance, macrophage-to-lymphocyte ratio, den-
dritic cell maturity, NK-cell activity, T-cell exhaustion, suppressive cytokines, metabolic
inhibition, and spatial immune exclusion. A peritoneal metastasis may be antigenic but
inaccessible, infiltrated but dysfunctional, or inflamed but dominated by non-protective
myeloid programs [8,19,32,69].

Stromal and matrix biomarkers are equally important. Fibroblast activation, collagen
density, matrix alignment, integrin signaling, mesothelial-to-mesenchymal-like changes, an-
giogenic patterns, and stromal thickness may influence progression and treatment response.
A matrix-dense implant may require different therapeutic strategies from a spheroid-
dominant fluid phenotype or a lesion with loose inflammatory stroma. These distinctions
are unlikely to be captured by primary tumor biomarkers alone [18,26].

Metabolic biomarkers may provide an additional layer of stratification. Ascitic lac-
tate, lipid composition, hypoxia-associated signatures, adipokines, amino acid depletion,
adenosine-related pathways, and fatty acid utilization programs could identify patients
whose disease is driven by metabolic adaptation to ascites, adipose-rich surfaces, or hy-
poxic stromal implants. Such markers may be particularly informative when integrated
with immune profiling, because metabolic suppression can strongly influence T-cell and
macrophage function [65,87].

Temporal heterogeneity must also be considered. Biomarkers measured at diagnosis
may not reflect the state of peritoneal disease after chemotherapy, surgery, intraperitoneal
therapy, or immunotherapy. Treatment can alter antigen expression, ascites composition,
immune cell states, fibroblast activation, extracellular vesicle cargo, and spheroid viability.
Static biomarkers may therefore be less useful than longitudinal markers that track the
evolution of the peritoneal compartment under therapy [26,29,103].
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Minimal residual peritoneal disease is a particularly important setting. After gastrec-
tomy or systemic treatment, patients may harbor free tumor cells, microscopic implants, or
conditioned peritoneal surfaces that are not detectable by imaging. Biomarkers capable of
identifying residual viable tumor cells, early stromal anchoring, mesothelial activation, or
persistent ascitic survival signals could improve risk stratification and guide adjuvant or
locoregional interventions. This may be one of the settings in which peritoneal-directed
biomarkers have the greatest clinical value [96].

A useful biomarker should also be biologically actionable. It should not only correlate
with prognosis, but indicate a mechanism that can be targeted or monitored. A macrophage-
dominant ascitic profile may support myeloid-modulating strategies. A matrix-dense
peritoneal implant may suggest stromal modulation or improved drug delivery. A spheroid-
rich fluid phenotype may support approaches targeting aggregation, anoikis resistance,
or intraperitoneal exposure. A metabolically suppressive ascites profile may indicate
immune-metabolic vulnerability. Biomarkers should therefore help classify peritoneal
disease according to dominant biological barriers [26,29,32].

For clinical trials, correlative studies should avoid exclusive reliance on archival
primary tumor tissue. Whenever feasible, trials enrolling patients with peritoneal metastasis
should incorporate baseline and on-treatment ascites, lavage, cytology cell blocks, or
peritoneal biopsies. Stratification by peritoneal disease state—positive cytology only,
limited implants, high-volume carcinomatosis, ascites-dominant disease—may reduce
biological heterogeneity and improve interpretation of treatment effects [96,103].

In summary, biomarker development for gastric cancer peritoneal metastasis must
move beyond exclusive dependence on the primary tumor sample. Primary tumor pro-
filing remains essential, but it does not fully describe fluid-phase survival, mesothelial
interaction, stromal anchoring, immune exclusion, ascites-mediated signaling, or metabolic
adaptation. A clinically useful biomarker strategy should integrate primary tumor features
with peritoneal compartment sampling and spatially aware interpretation. Only then
can biomarkers reflect the disease state that most directly determines progression and
therapeutic resistance [29,32,103,105].

7.2. Response Assessment in Peritoneal Metastasis: Why Conventional Endpoints Are Insufficient

Assessing response in gastric cancer peritoneal metastasis is challenging because
the disease is often biologically active before it becomes easily measurable. Conven-
tional response criteria were developed primarily for solid lesions that can be followed
by changes in diameter on imaging. Peritoneal metastasis does not consistently follow
this pattern. It may manifest as positive cytology, microscopic implants, diffuse serosal
thickening, small nodules, omental infiltration, bowel tethering, malignant ascites, or func-
tional gastrointestinal impairment. Many of these features are poorly captured by standard
radiological measurements.

This limitation reflects the biology of peritoneal disease. Unlike hematogenous metas-
tases, which often form discrete lesions within vascularized organs, peritoneal metastasis
is distributed across surfaces and fluid. A patient may have viable tumor cells in ascites,
spheroids, conditioned mesothelial surfaces, and early stromal implants without large mea-
surable masses. Conversely, a therapy may reduce ascitic tumor burden, convert cytology
to negative, improve bowel function, or control ascites without producing a conventional
radiological response. If assessment relies only on lesion size, clinically meaningful effects
may be missed [58,96,106,107].

Radiological evaluation is particularly limited in early or low-volume peritoneal
disease. Small implants on bowel serosa, mesentery, diaphragmatic peritoneum, or pelvic
surfaces can be below the resolution of computed tomography. Diffuse infiltration may be
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subtle or nonspecific, especially after surgery or systemic therapy. Ascites may suggest
peritoneal involvement, but it does not directly quantify viable tumor burden. Larger
nodules and omental caking are easier to detect, but they often represent more advanced
disease. Imaging therefore tends to identify established peritoneal metastasis more reliably
than the earlier stages when intervention may be most effective.

This creates a mismatch between biological progression and radiological progression.
Peritoneal recurrence may begin with free tumor cells, spheroid formation, microscopic im-
plantation, or early mesothelial and stromal conditioning. These processes can precede visi-
ble disease. Similarly, resistance may develop within ascitic spheroids or stromal-protected
microscopic deposits before measurable progression is documented. Radiology often
captures the consequence of peritoneal progression rather than the process itself [3,96,108].

Cytology provides a complementary but incomplete measure. Positive peritoneal
cytology indicates that tumor cells have reached the peritoneal cavity and is clinically
meaningful even in the absence of visible implants. Conversion from positive to negative
cytology may reflect therapeutic effect and could serve as an important endpoint in selected
settings. However, cytology depends on sampling quality, tumor cell shedding, assay
sensitivity, and interpretation. A negative result does not exclude microscopic implants, and
a positive result does not distinguish transient free cells from cells capable of implantation.
Cytology should therefore be interpreted as one layer of compartmental assessment, not as
a complete measure of disease status [3,96].

Molecular analysis of lavage fluid may improve sensitivity and provide information
beyond morphology. Detection of tumor-derived nucleic acids, epithelial markers, ex-
tracellular vesicles, or methylation patterns could help identify occult peritoneal disease.
However, molecular positivity also requires careful interpretation. Tumor-derived material
may originate from viable cells, dying cells, extracellular vesicles, or residual debris after
treatment. Its clinical meaning may depend on timing, assay type, and whether the sig-
nal persists longitudinally. Molecular lavage markers are likely to be most useful when
combined with cytology, imaging, clinical risk factors, and serial monitoring [103].

Ascites control is another clinically relevant endpoint. In patients with malignant
ascites, reduction in fluid accumulation can improve abdominal distension, appetite, mo-
bility, respiratory comfort, nutritional intake, and treatment tolerance. Biologically, ascites
reduction may indicate decreased vascular permeability, reduced tumor activity, improved
lymphatic drainage, or disruption of the fluid-phase niche. However, ascites volume alone
is not a precise surrogate for tumor response. It can be influenced by paracentesis, albumin
status, portal pressure, inflammation, hydration, and supportive care. More informative
assessment would combine ascites volume with paracentesis frequency, cytology, tumor
cell viability, immune composition, and symptom improvement [58,91,106].

The peritoneal cancer index provides a more anatomically specific measure of macro-
scopic peritoneal burden, particularly in surgical or laparoscopic contexts. It captures
lesion distribution and size across peritoneal regions and is useful for selecting patients for
cytoreductive or locoregional approaches. Its limitations are that it is invasive, not easily
repeated, and primarily reflects visible disease. A low peritoneal cancer index may coexist
with positive cytology or biologically active ascites, whereas a high index may not capture
the immune, stromal, or metabolic state of the disease. It is therefore valuable, but not
sufficient as a standalone biological endpoint [96,106].

Symptom-based and functional endpoints are especially important in peritoneal metas-
tasis. The disease often harms patients through bowel dysfunction, impaired motility, early
satiety, nausea, abdominal pain, ascites-related discomfort, malnutrition, and reduced per-
formance status. A therapy that delays bowel obstruction, reduces paracentesis frequency,
stabilizes nutrition, or improves oral intake may provide meaningful benefit even if measur-
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able tumor shrinkage is modest. These outcomes should not be viewed as merely palliative
secondary measures; they reflect the clinical consequences of peritoneal compartment
control [4,91].

Nutritional and functional measures may also help capture disease behavior. Weight
loss, sarcopenia, hypoalbuminemia, inflammatory markers, and performance status are
nonspecific, but they often reflect the combined effects of tumor burden, ascites, bowel
involvement, systemic inflammation, and metabolic dysregulation. When interpreted
together with imaging, cytology, ascites parameters, and symptoms, these measures can
provide a more clinically relevant picture of response than imaging alone [91,109,110].

For clinical trials, the limitations of conventional response assessment have major
consequences. Patients with diffuse peritoneal disease may be excluded from trials because
they lack measurable lesions. Therapies that act on ascites, cytology, spheroids, microscopic
implants, or symptom burden may appear inactive if judged only by standard radiological
response. Conversely, stable measurable lesions may coexist with worsening ascites, bowel
symptoms, or cytology. Trial endpoints should therefore be aligned with the biology and
clinical behavior of peritoneal metastasis [106,107].

A more appropriate response framework would combine several layers of assessment.
Imaging remains necessary, but should be complemented by cytology or molecular lavage
analysis, ascites evaluation, peritoneal cancer index when feasible, symptom measures,
paracentesis frequency, nutritional status, and longitudinal biological sampling. The rela-
tive importance of each endpoint depends on disease state. In cytology-positive disease
without visible implants, cytology conversion and molecular clearance may be most rele-
vant. In limited macroscopic disease, peritoneal burden and completeness of cytoreduction
may matter more. In ascites-dominant carcinomatosis, ascites control, fluid tumor burden,
symptom relief, and quality of life may be central [96,103,107].

Longitudinal assessment is particularly important. A single time point may be mis-
leading because peritoneal disease fluctuates with fluid dynamics, treatment effects, in-
flammation, and procedures. Serial evaluation of ascites, cytology, molecular markers,
symptoms, and nutritional status may reveal trends that are more informative than iso-
lated measurements. Decreasing viable tumor cells in ascites may precede radiological
improvement, whereas rising tumor-derived markers in lavage or ascites may signal early
progression before imaging becomes positive [29,55].

Imaging methods may also need refinement. Diffusion-weighted MRI, selected PET-
based approaches, radiomics, and artificial intelligence-supported image analysis may
improve detection or characterization of peritoneal disease, although each has limitations.
The goal is not only to identify more lesions, but to better capture distribution, cellularity,
fibrosis, perfusion, and treatment-induced change. Even with improved imaging, biological
sampling will remain important because many relevant features of peritoneal metastasis
are cellular, immune, molecular, or fluid-based rather than purely anatomical [29,107,111].

Distinguishing treatment effect from progression can be difficult. Therapy may induce
inflammation, fibrosis, necrosis, changes in vascular permeability, or fluctuations in ascites.
Residual fibrotic implants may persist after tumor cell death, while stable-appearing
peritoneal thickening may contain viable resistant disease. Increased ascites may reflect
progression, inflammation, or altered vascular permeability depending on context. Fluid
and tissue biomarkers may help resolve these ambiguities by identifying viable tumor cells,
immune activation, stromal remodeling, or molecular residual disease [32,103].

Response assessment after immunotherapy requires particular caution. Apparent
changes in peritoneal thickening or ascites may reflect progression, immune infiltration,
inflammation, or vascular effects. A stable lesion size may conceal shifts in immune
composition or tumor viability. Immunotherapy trials in peritoneal disease should there-
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fore incorporate immune monitoring of ascites and tissue whenever possible. Without
such data, it is difficult to determine whether treatment failed because the tumor was
non-immunogenic, because lymphocytes were excluded, or because the peritoneal niche
remained suppressive [19,90,112].

For locoregional therapies, response assessment should capture both local cytotoxic
effect and compartmental control. After intraperitoneal chemotherapy, HIPEC, PIPAC,
or related approaches, relevant endpoints may include cytology conversion, histological
regression in peritoneal biopsies, reduction in peritoneal cancer index, ascites control, symp-
tom improvement, and time to peritoneal progression. Histological response can be infor-
mative, but sampling error remains a concern because peritoneal disease is heterogeneous.
Standardized biopsy sites or repeated sampling may improve interpretability [107,113].

Minimal residual peritoneal disease is an emerging assessment challenge. After
surgery or systemic therapy, residual tumor burden may persist as isolated cells, spheroids,
microscopic implants, or conditioned niche components. These may not be visible on
imaging but can drive relapse. Sensitive detection methods in lavage or ascites may
help identify residual disease, but the field must determine which signals are clinically
meaningful and actionable. The ideal minimal residual disease marker would identify
viable, metastasis-competent cells or a peritoneal niche state strongly associated with
recurrence [96,103,114].

Ultimately, response assessment in peritoneal metastasis should move from lesion-
based evaluation toward compartment-based evaluation. This does not mean abandoning
radiology or survival endpoints. Rather, it means recognizing that peritoneal disease
behaves as a surface–fluid process. A complete assessment should ask whether therapy
reduces viable tumor cells, clears cytology, disrupts spheroids, controls ascites, improves
immune function, limits stromal implantation, preserves gastrointestinal function, and
delays compartmental failure [107,115,116].

In summary, conventional response criteria are insufficient for gastric cancer peri-
toneal metastasis because the disease is diffuse, surface-based, fluid-associated, biologically
heterogeneous, and often poorly measurable. Effective assessment requires integration
of imaging, cytology, lavage or ascites biomarkers, peritoneal burden scores, symptom
endpoints, nutritional measures, and longitudinal sampling. Such a framework would
better reflect the biology of peritoneal disease and improve evaluation of therapies designed
to target both tumor cells and the metastatic niche that sustains them [32,96,107].

8. Future Directions: Studying Peritoneal Metastasis as a Site-Specific
Disease State

Future progress in gastric cancer peritoneal metastasis will depend on studying the
peritoneal compartment directly rather than inferring its biology from the primary tumor
alone. The primary lesion remains essential for diagnosis and baseline molecular classi-
fication, but peritoneal disease introduces biological questions that require site-specific
investigation: how tumor cells survive in suspension, how they interact with mesothelial
surfaces, how stromal support is assembled, how ascites sustains reseeding, and why local
immunity often fails despite inflammatory activity.

A first priority is systematic paired sampling. Studies limited to primary tumors
can identify features associated with risk of peritoneal relapse, but they cannot fully
define established peritoneal disease. Conversely, studies focused only on advanced
carcinomatosis may miss early events that permit dissemination and implantation. The
most informative designs would integrate primary tumor tissue, invasive or serosa-adjacent
regions, peritoneal lavage, ascites, peritoneal implants, omental lesions, and samples
collected before and after treatment. Such approaches would help distinguish tumor
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programs inherited from the primary lesion from adaptations induced by the peritoneal
niche [9,29,86].

This distinction is essential. A feature enriched in peritoneal metastasis may represent
a preexisting aggressive clone, a response to ascitic or mesothelial cues, a consequence of
stromal selection, an effect of prior therapy, or a combination of these. Without temporal and
paired sampling, these possibilities cannot be separated. Future studies should therefore
treat peritoneal metastasis as a dynamic process, moving from occult dissemination to
microscopic implantation, established implants, ascites-rich disease, and therapy-exposed
residual disease [9,117].

Single-cell technologies can help define the cellular states involved in this transition.
Peritoneal metastasis includes malignant epithelial cells, mesothelial cells, fibroblasts,
macrophages, lymphocytes, endothelial cells, adipose-associated stromal cells, and tumor
cells suspended in ascites. Single-cell RNA sequencing, immune profiling, and multiomic
methods can identify tumor cell plasticity, stromal heterogeneity, immune dysfunction, and
compartment-specific adaptation. These tools are particularly valuable for detecting rare or
transitional populations that may be missed by bulk profiling [29,118].

However, dissociated single-cell data must be complemented by spatial methods.
Peritoneal metastasis is organized around surfaces, interfaces, and barriers. The biological
meaning of a cell state depends on where it is located: whether lymphocytes contact
tumor cells or remain trapped in stroma, whether macrophages cluster around spheroids
or invasive fronts, whether fibroblasts form exclusionary matrix layers, and whether
mesothelial cells remain intact or become incorporated into metastatic stroma. Spatial
transcriptomics, multiplex immunofluorescence, imaging mass cytometry, and related
technologies are therefore essential for understanding the architecture of peritoneal immune
exclusion and stromal protection [9,18,19].

Ascites profiling should become a central component of future research. Malignant
ascites provides access to tumor cells, spheroids, immune populations, extracellular vesicles,
cytokines, metabolites, and therapy-induced changes. Because it can sometimes be sampled
repeatedly, ascites offers an opportunity to monitor the evolving peritoneal ecosystem
over time. Longitudinal ascites analysis could reveal whether treatment reduces viable
spheroids, shifts macrophage or lymphocyte states, changes metabolic suppression, or
alters extracellular vesicle-mediated signaling [26,29,103].

Peritoneal lavage is equally important in earlier disease. In patients at high risk of
peritoneal recurrence, lavage may reveal free tumor cells or molecular signals before macro-
scopic metastases develop. Future studies should determine whether lavage-based markers
can distinguish transient tumor cell shedding from biologically meaningful peritoneal
colonization risk. This will likely require combining tumor-cell detection with markers
of spheroid formation, mesothelial activation, immune suppression, extracellular vesicle
cargo, and early stromal conditioning [29,103].

Better preclinical models are also needed. Conventional two-dimensional gastric
cancer cell lines cannot reproduce the critical steps of peritoneal dissemination. Models
should incorporate suspension survival, spheroid formation, mesothelial adhesion, stromal
interaction, ascites-like fluid conditions, immune components, and adipose-associated
support. Patient-derived organoids, ascites-derived spheroids, mesothelial co-cultures,
fibroblast and macrophage co-cultures, microfluidic systems, ex vivo peritoneal explants,
and orthotopic or intraperitoneal animal models each address different aspects of the
disease. The model should be matched to the biological question [26,93].

For example, spheroid and fluid-phase models are appropriate for studying anoikis
resistance, drug penetration into aggregates, and ascites-mediated survival. Mesothe-
lial co-cultures or peritoneal explants are better suited for adhesion and implantation.
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Immune-competent models are required to study macrophage–lymphocyte interactions
and immunotherapy. Matrix-rich three-dimensional systems are necessary for drug pen-
etration and stromal protection. Future work should avoid using convenient models to
answer biologically mismatched questions.

Treatment pressure should also be incorporated into experimental design. Many
clinical samples are obtained after chemotherapy, surgery, intraperitoneal therapy, or
immunotherapy. Treatment can reshape tumor cell states, antigen expression, fibroblast
activation, macrophage programs, ascites composition, and spheroid viability. Therapy-
exposed models and longitudinal patient samples may therefore be more informative than
untreated systems alone when investigating resistance [26,29,93].

Another important direction is the development of peritoneal-specific disease clas-
sifications. Current gastric cancer classifications are largely derived from primary tumor
biology. While valuable, they do not capture the dominant niche states that may drive
peritoneal progression. A peritoneal classification could integrate tumor cell phenotype, as-
cites composition, immune balance, stromal architecture, mesothelial activation, metabolic
features, and disease distribution. Such a classification should not replace existing molec-
ular subtypes, but should add a compartmental layer relevant to prognosis and therapy
selection [19,32].

For this to be clinically useful, classification must remain actionable. A macrophage-
dominant, lymphocyte-poor ascitic phenotype may suggest myeloid-modulating strategies.
A matrix-dense, immune-excluded implant phenotype may require stromal modulation
or improved drug delivery. A spheroid-rich fluid phenotype may call for approaches
targeting aggregation, anoikis resistance, or intraperitoneal exposure. A metabolically
lipid-adapted phenotype may suggest investigation of tumor–adipose metabolic coupling.
These categories remain to be validated, but they illustrate how peritoneal-specific profiling
could guide rational therapeutic hypotheses [19,32].

Clinical trials should also be designed around the biology of peritoneal disease. Pa-
tients with positive cytology only, limited implants, and diffuse ascites-rich carcinomatosis
should not automatically be treated as a single homogeneous group. Trials should stratify
or report outcomes according to peritoneal burden, ascites status, cytology, prior therapy,
resectability, and locoregional treatment exposure. Correlative studies should include
peritoneal compartment samples whenever feasible rather than relying only on archival
primary tumor tissue.

Endpoints should likewise reflect peritoneal behavior. Overall survival remains es-
sential, but intermediate endpoints should include cytology conversion, ascites control,
paracentesis-free interval, peritoneal cancer index change, histological regression in peri-
toneal biopsies, time to bowel obstruction, nutritional stabilization, symptom burden, and
quality of life. These endpoints are not peripheral in peritoneal metastasis; they capture the
ways in which the disease progresses and affects patients [107].

Minimal residual peritoneal disease may be one of the most important future settings.
After gastrectomy or systemic therapy, residual disease may persist as free cells, spheroids,
microscopic implants, or conditioned peritoneal surfaces that are not visible on imaging.
Detecting and treating this state may be more effective than treating established carcino-
matosis. Future studies should define reliable markers of minimal residual peritoneal
disease and test interventions designed to eliminate free cells, prevent implantation, or
reverse early niche conditioning.

Computational integration may help manage the complexity of these datasets. Imag-
ing, histology, spatial profiling, single-cell data, ascites cytokines, metabolomics, and
clinical outcomes will need to be analyzed together. Radiomics and artificial intelligence-
supported image analysis may improve detection and quantification of subtle peritoneal
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disease, while multimodal models may identify recurrent patterns of niche organization.
These tools will be useful only if trained on well-annotated datasets with peritoneal-specific
endpoints [32,103,114,119].

Finally, future research should remain connected to patient-centered outcomes. Peri-
toneal metastasis causes morbidity through ascites, bowel dysfunction, nutritional decline,
pain, repeated procedures, and loss of functional status. Molecular findings should there-
fore be linked not only to survival, but also to ascites formation, bowel obstruction, cachexia,
treatment tolerance, and quality of life. A biologically sophisticated model of peritoneal
metastasis is valuable only if it improves the ability to prevent, monitor, or treat the clinical
syndrome patients experience.

In summary, gastric cancer peritoneal metastasis should be studied as a site-specific
disease state. Progress will require paired and longitudinal sampling, integration of tissue
and fluid compartments, single-cell and spatial technologies, biologically appropriate
models, peritoneal-specific biomarkers, and trials with endpoints matched to the behavior
of the compartment. The goal is not only to describe how peritoneal metastasis differs
from the primary tumor, but to identify which differences can be targeted, monitored, and
translated into better outcomes [107,109,115].

9. Limitations
This review has several limitations. First, as a narrative review, it is subject to selection

bias and does not provide a systematic or quantitative synthesis of the literature. Second,
the available evidence is heterogeneous, combining clinical studies, translational analyses,
preclinical models, and mechanistic data derived from different experimental systems.
Third, direct evidence from gastric cancer peritoneal metastasis remains limited for some
biological domains, particularly mesothelial remodeling, ascites-mediated immune mod-
ulation, spatial immune organization, and niche-directed therapeutic targeting. In these
areas, some concepts are supported by preclinical studies or extrapolated from other peri-
toneal malignancies. Finally, many proposed biomarkers and microenvironmental features
discussed in this review remain investigational and require prospective validation before
they can be incorporated into routine clinical decision-making.

10. Conclusions
Peritoneal metastasis in gastric cancer illustrates why metastatic site matters biologi-

cally. Although peritoneal disease originates from the primary gastric tumor, it cannot be
understood as a simple anatomical extension of it. The transition from the gastric wall to the
peritoneal cavity exposes tumor cells to a different set of constraints: survival outside tissue
architecture, interaction with mesothelial surfaces, adaptation to fluid-phase conditions,
acquisition of stromal support, and evasion of local immune control. These constraints
reshape both malignant cells and host tissues, creating a metastatic niche that differs from
the primary tumor in organization, function, and therapeutic vulnerability.

The primary tumor remains essential to this process. It generates cellular diversity,
selects invasive and stress-tolerant phenotypes, and provides the initial immune and stro-
mal context from which dissemination may emerge. However, the peritoneal compartment
determines whether disseminated cells become clinically consequential. Tumor cells that
reach the peritoneal cavity must survive in suspension, form aggregates, implant on per-
missive surfaces, and integrate into a stromal and immune environment that supports
persistence. Peritoneal carcinomatosis is therefore not the inevitable result of tumor cell
shedding, but the outcome of successful adaptation to a specialized host compartment.

This distinction has practical implications. Biomarkers derived from the primary
tumor define important aspects of tumor identity, but they may not capture the dominant
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biological barriers operating in peritoneal disease. Likewise, therapies selected on the
basis of primary tumor features may fail if response is limited by poor drug penetration,
stromal protection, macrophage-dominated immune suppression, ascites-mediated sur-
vival, spheroid architecture, or metabolic adaptation. The therapeutic challenge is therefore
not only to target malignant epithelial cells, but also to disrupt the peritoneal niche that
sustains them.

Future progress will require direct study of the peritoneal compartment. Ascites,
peritoneal lavage, cytology specimens, peritoneal implants, and omental lesions provide
complementary information that cannot be replaced by primary tumor analysis alone.
Integrating these samples with spatial profiling, single-cell technologies, immune charac-
terization, metabolic analysis, and clinically relevant endpoints may allow more accurate
stratification and more rational treatment development.

In conclusion, gastric cancer peritoneal metastasis should be regarded as a site-specific
biological state shaped by both tumor cell adaptation and microenvironmental reprogram-
ming. The primary tumor explains where dissemination begins; the peritoneal niche
explains why the disease becomes so difficult to control. Recognizing this distinction is
essential for developing biomarkers, response measures, and therapeutic strategies that
address not only the cancer cell, but the compartment that allows it to persist.
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