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ABSTRACT

Background and aim: Signet ring cell carcinoma (SRCC) is a biologically aggressive subtype of adenocar
cinoma characterized by diffuse growth, early dissemination, and limited response to conventional therapies.
Despite its clinical relevance, SRCC remains underrepresented in biomarker-focused research. This narrative
review summarizes and critically appraises current evidence on the expression and clinical significance of key
molecular biomarkers in SRCC across different anatomical sites.

Methods: A comprehensive narrative literature review was conducted using major biomedical databases,
including Scopus and Web of Science. Studies evaluating the prognostic and therapeutic implications of

Ki-67 antigen (Ki-67), B-cell ymphoma 2 (BCL-2), human epidermal growth factor receptor 2 (HER2), and
programmed death-ligand 1 (PD-L1) in SRCC of gastric, colorectal, breast, and other origins were identified,
screened, and qualitatively synthesized.

Results: Available evidence indicates that elevated Ki-67 expression is generally associated with aggressive
tumor behavior and poorer outcomes, although pronounced intratumoral heterogeneity limits the use of uniform
cut-off values. BCL-2 expression demonstrates marked site- and context-dependent variability and is frequently
absent in gastric SRCC, reducing its value as an isolated prognostic marker. HER2 amplification is rare in
SRCC, restricting the applicability of HER2-targeted therapies to molecularly confirmed exceptional cases.
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checkpoint inhibition.

programmed cell death 1 ligand 1 protein

In contrast, PD-L1 expression, particularly when integrated with immune microenvironment features or circulat-
ing biomarkers such as exosomal PD-L1, may identify subsets of patients with potential sensitivity to immune

Conclusions: Individual biomarkers in SRCC should not be interpreted in isolation. An integrated, context-
aware evaluation of proliferative, apoptotic, oncogenic, and immune markers more accurately reflects SRCC
biology and may improve prognostic stratification and therapeutic decision-making. (www.actabiomedica.it)
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Introduction

Signet ring cell carcinoma (SRCC) is a distinct
histological subtype of adenocarcinoma characterized
by the presence of tumor cells containing abundant
intracytoplasmic mucin that displaces the nucleus to
the periphery, creating a signet ring appearance (1).
SRCC most commonly arises in the stomach but can
also occur in other organs such as the colon, breast,
and bladder (2, 3). Notably, over 96% of SRCC cases
originate in the stomach (4). More recent studies in-
dicate that SRCC accounts for approximately 16.8%
of all gastric cancer cases (5). This carcinoma type is
often associated with an aggressive clinical course,
late-stage diagnosis, and poor prognosis, largely due
to its diffuse growth pattern and frequent early meta-
static spread (6). This upward trend contrasts with the
overall declining incidence of gastric cancer, suggest-
ing unique etiological factors and highlighting the
need for focused research on SRCC. The biological
behavior of SRCC differs significantly from that of
conventional adenocarcinomas. SRCC is typically less
cohesive, promoting early invasion and dissemination.
In many cases, it demonstrates resistance to standard
chemotherapy, making clinical management chal-
lenging (7). Furthermore, its molecular profile tends
to differ, with a lower incidence of traditional action-
able targets such as human epidermal growth factor
receptor 2 (HER2) overexpression, complicating the
development of effective targeted therapies (8). In the
era of precision oncology, the identification and char-
acterization of molecular biomarkers have become

crucial for improving diagnostic accuracy, prognostic
stratification, and the development of personalized
therapeutic strategies. Biomarkers such as Ki-67 anti-
gen (Ki-67), B-cell lymphoma 2 (BCL-2), HER2, and
programmed death-ligand 1 (PD-L1) have emerged
as important factors in various malignancies, offering
insights into tumor proliferation, apoptosis regula-
tion, oncogenic signaling, and immune evasion (9, 10).
Understanding their expression patterns and clinical
significance in SRCC could provide new opportuni-
ties for prognosis assessment and treatment optimiza-
tion. The aim of this review is to summarize current
knowledge on the expression and clinical significance
of Ki-67, BCL-2, HER2, and PD-L1 in SRCC, high-
lighting their potential roles in prognosis prediction,
therapeutic decision-making, and the development
of novel targeted treatment strategies. Ki-67, BCL-2,
HER2, and PD-L1 were selected as the focus of this
review because they collectively represent core biologi-
cal processes relevant to SRCC and are routinely as-
sessable in clinical practice. Together, these biomarkers
provide complementary information on tumor prolif-
eration, regulation of apoptosis, oncogenic signaling,
and immune evasion, thereby offering clinically trans-
latable insights beyond diagnostic classification alone.

Methods

This study is a narrative review aimed at synthesiz-
ing and integrating current literature on the prognostic

and therapeutic significance of Ki-67, BCL-2, HER2,
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and PD-L1 expression in SRCC. A narrative review
methodology was chosen to accommodate the inher-
ently heterogeneous and multidisciplinary nature of the
topic, which spans pathology, medical oncology, molecu-
lar biology, and immuno-oncology. Unlike systematic
reviews, which apply strict inclusion criteria and quan-
titative synthesis, narrative reviews allow a broader and
more flexible exploration of complex themes, facilitating
the integration of diverse study designs and mechanistic
insights in the context of a rare malignancy. A compre-
hensive literature search was conducted in the Scopus
and Web of Science databases. The search covered all
records from database inception through December
2025. The following combination of free-text terms and
Boolean operators was used: “signet ring cell carcinoma”
AND (“Ki-67” OR “Ki67” OR “MKI67” OR “BCL-2"
OR “Bcl2” OR “HER2” OR “ErbB-2” OR “ERBB2”
OR “PD-L1” OR “programmed death-ligand 17 OR
“CD274” OR “biomarkers” OR “molecular markers” OR
“immunohistochemistry” OR “prognosis”). No restric-
tions were applied regarding publication year, language,
or study design to maximize sensitivity for this rare his-
tologic subtype. Studies were considered eligible if they
(1) reported SRCC originating from any anatomical site
(e.g., stomach, colorectum, breast, pancreas, urinary tract,
or esophagogastric junction), and (2) provided data on
expression patterns, prognostic relevance, or therapeu-
tic implications of at least one of the four biomarkers
(Ki-67, BCL-2, HER2, PD-L1). Eligible publication
types included full-text original research articles, clini-
cal trials, retrospective cohort studies, case series, case re-
ports with detailed immunohistochemical profiling, and
review articles with explicit data on SRCC. Conference
abstracts without full text, purely preclinical in vitro or
animal studies without clear translational relevance to
SRCC, and papers on non-epithelial neoplasms with
signet-ring—like morphology were excluded from the
core analysis but could be considered separately for il-
lustrating diagnostic pitfalls. After removal of duplicates,
titles and abstracts were screened for relevance to SRCC
and to at least one of the four biomarkers. Full-text ar-
ticles meeting inclusion criteria were then assessed for
methodological quality and clinical relevance. Methodo-
logical quality and clinical relevance were assessed quali-
tatively as part of a narrative synthesis, with attention

to study design, clarity of SRCC definition, biomarker

assessment methods, and linkage to clinically mean-
ingful outcomes. Studies with notable methodologi-
cal limitations were not excluded but were interpreted
with caution in the context of the overall evidence base.
Data from selected studies were extracted and organized
thematically according to biomarker (Ki-67, BCL-2,
HER2, PD-L1), anatomical site, assessment methods
(immunohistochemistry, in situ hybridization, molecular
assays, liquid biopsy), cut-off definitions, and reported
associations with clinicopathologic features, prognosis,
or treatment response. Given the marked heterogene-
ity in study design, biomarker assessment, and outcome
measures, no formal quantitative synthesis or meta-anal-
ysis was performed; instead, findings were qualitatively
appraised and summarized narratively, with emphasis on
convergent and divergent results across studies. To en-
hance methodological rigor and transparency, the review
was prepared in accordance with the SANRA (Scale for
the Assessment of Narrative Review Articles) criteria
(11), addressing justification of the review’s relevance,
transparency of the search strategy, scientific reasoning,
adequacy of referencing, and the strength and usefulness
of conclusions.

Results and discussion

Molecular biomarkers in signet ring
cell carcinoma: Biological context and
methodological considerations

Molecular markers, also known as biomarkers,
have revolutionized the field of oncology by offering
critical insights into tumor biology, prognosis, and
therapeutic strategies. These markers are molecules —
such as proteins, genes, or specific mutations — found
in tumor tissue, blood, or other body fluids, that can
help detect cancer, predict its behavior, and guide
treatment choices. Cancer development is a multistep
process characterized by genetic alterations that affect
cellular proliferation, apoptosis, invasion, and metasta-
sis. Molecular markers reflect these alterations, serving
as measurable indicators of specific biological pro-
cesses or responses to therapy. Molecular markers in
SRCC can be broadly classified into several categories
based on their clinical utility (Table 1).
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Table 1. Categories of Molecular Markers in Cancer and Their Clinical Utility in Signet Ring Cell Carcinoma.

Representative
Category Definition Markers Clinical Utility in SRCC References
Diagnostic markers Identify cancer Cytokeratins (CK?7, Differentiate SRCC from poorly (12-14)
presence and assist CK20), CDX2, differentiated adenocarcinomas;
in distinguishing E-cadherin E-cadherin loss is a hallmark of
histological subtypes SRCC, aiding diagnosis.
Prognostic markers Indicate likely disease Ki-67, BCL-2, p53 High Ki-67 labeling index (15-18)
course independent of correlates with poor prognosis;
treatment BCL-2 overexpression may
indicate apoptotic resistance and
worse outcome.
Predictive markers Predict response to HER2, PD-L1, MSI, HER?2 amplification may predict (2,19-21)
specific therapeutic EGFR benefit from trastuzumab; PD-
interventions L1 expression suggests potential
response to immune checkpoint
inhibitors (e.g., pembrolizumab).
Therapeutic targets Molecules that can be HER2,PD-L1, VEGF | Enables personalized therapy; (22,23)
targeted with specific HER2-targeted agents
agents (trastuzumab) and PD-1/PD-L1
inhibitors (nivolumab) are under
clinical evaluation in gastric SRCC.
Proliferation markers | Reflect tumor growth Ki-67, MCM2 Ki-67 proliferation index (12,24)
rate and mitotic activity is associated with SRCC
aggressiveness and metastatic
potential, particularly in gastric and
colorectal origin.
Apoptosis regulators | Regulate programmed BCL-2, BAX, survivin | Dysregulated apoptosis (17,25)
cell death, influencing contributes to resistance; BCL-2
tumor survival and overexpression may reduce
chemoresistance chemosensitivity in SRCC and
other diffuse-type carcinomas.
Immune checkpoint | Inhibit anti-tumor PD-L1,CTLA-4 High PD-L1 expression in (26,27)
markers immunity via T-cell tumor cells or immune infiltrates
regulation may support use of checkpoint
blockade; important in
microsatellite-stable (MSS) SRCC
as well.
MMR/MSI markers | Reflect defects in MLH1, MSH2, MSI-H status may be rare in (28, 29)
DNA mismatch repair MSHS6, PMS2 (MSI-H | SRCC, but when present, it
mechanisms, often with | status) predicts favorable response to
therapeutic implications immunotherapy and suggests a
distinct tumor biology.

Abbreviations: SRCC — signet ring cell carcinoma, CK7/CK20 - cytokeratin 7 / cytokeratin 20, CDX2 ~ caudal type homeobox 2, MSI — microsatellite
Instability, MMR — mismatch repair, MSI-H — microsatellite instability-high, HER2 — human epidermal growth factor receptor 2, PD-L1 - pro-
grammed death-ligand 1, PD-1 — programmed death-1, CTLA-4 — cytotoxic t-lymphocyte associated protein 4, EGFR — epidermal growth factor
receptor, VEGF — vascular endothelial growth factor, Ki-67 — marker of proliferation Kiel 67, p53 — tumor protein 53, BCL-2 - B-cell lymphoma
2, BAX — BCL-2 associated X protein, MCM2 — minichromosome maintenance complex component 2, MLH1/MSH2/MSH6/PMS2 — MutL
homolog 1/ MutS homolog 2 / MutS homolog 6 / postmeiotic segregation increased 2
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Some of the most important molecular markers in-
clude proliferation markers like Ki-67, anti-apoptotic
proteins like BCL-2, oncogenes such as HER2, and
immune regulatory proteins like PD-L1 (Figure 1).
These markers not only deepen our understanding of
tumor aggressiveness and potential for metastasis but
also identify patients who are more likely to benefit
from targeted therapies or immunotherapies.

Advancements in molecular techniques such as
immunohistochemistry, next-generation sequenc-
ing, and liquid biopsy have enhanced the detection
and analysis of these markers, making them an inte-
gral part of modern oncology practice. Incorporat-
ing molecular marker assessment into routine clinical
workflows enables oncologists to offer more accurate
diagnoses, predict outcomes more reliably, and choose
treatments tailored to individual tumor profiles. Across
anatomical sites, SRCC comprises biologically hetero-
geneous entities. Biomarker expression is influenced
by histologic composition (pure SRC vs mixed tu-
mors with non—signet-ring components), molecular
context (e.g., CDH1 alterations, MSI status, immune

Ki-67 Proliferation
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microenvironment), and tumor stage and sampling
(biopsy vs resection, intratumoral heterogeneity).
Therefore, cross-study comparisons require careful
attention to detection methods, scoring systems, and
cut-off thresholds, which remain non-uniform across
SRCC-focused literature (Table 2).

As research continues, the list of actionable mo-
lecular markers in SRCC is rapidly expanding, paving
the way for more effective, less toxic, and more per-
sonalized cancer care. The following sections therefore
examine Ki-67, BCL-2, HER2, and PD-L1 individu-
ally, with particular emphasis on SRCC-specific biol-
ogy, methodological variability, and their prognostic
and therapeutic implications.

Ki-67 in signet ring cell carcinoma

Ki-67 is a nuclear protein encoded by the
MKI67 gene, commonly used as a marker for cellular
proliferation. It is expressed during all active phases
of the cell cycle (G1, S, G2, and mitosis), but is ab-
sent in resting cells (GO), making it a valuable tool in
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Figure 1. Biological roles and clinical implications of Ki-67, BCL-2, HER2, and PD-L1 in signet ring cell
carcinoma. Figure created with Al-assisted illustration tools (ChatGPT, OpenAl; GPT-5.2), followed by au-

thor editing.
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oncology for assessing tumor growth and aggressive-
ness (30). Functionally, Ki-67 is associated with the
organization of the perichromosomal layer during mi-
tosis and has been implicated in chromatin structure
maintenance, although its precise mechanistic roles are
still being elucidated (31). In the context of SRCC, a
histologically distinct and often aggressive variant of
adenocarcinoma characterized by mucin-producing
cells with peripherally displaced nuclei, Ki-67 plays a
critical role in evaluating tumor biology. These tumors
typically exhibit a diffuse growth pattern, complicating
early detection and contributing to a generally poor
prognosis (1). Numerous studies have demonstrated
the prognostic significance of Ki-67 in SRCC. Higher
Ki-67 labeling indices (LI) are frequently associated
with increased tumor proliferation, higher histologic
grade, deeper invasion, and poorer overall survival (32,
33). In gastric SRCC, for instance, elevated Ki-67 ex-
pression correlates with lymphovascular invasion and
advanced tumor stage, highlighting its potential utility
in stratifying patient risk and guiding treatment deci-
sions (34). Notably, a study analyzing gastric SRCC
found that patients with a Ki-67 LI greater than 25%
exhibited significantly higher rates of lymph node
metastasis (70.1% vs. 45.0%, P = 0.025), larger tu-
mor diameters (69.2% vs. 40.0%, P = 0.020), deeper
wall invasion (92.3% vs. 72.5%, P = 0.048), and more
advanced TNM stages (69.2% vs. 40.0%, P = 0.020)
compared to those with Ki-67 LI at or below 25%.
Furthermore, a Ki-67 LI exceeding 25% was associated
with a markedly poorer 3-year survival rate (31.82%
vs. 68.75%, P = 0.0146), reinforcing its role as a pow-
erful prognostic indicator (35). Similarly, in colorectal
SRCC, increased Ki-67 expression has been linked
with greater tumor infiltration, higher rates of lymph
node metastasis, and more frequent vascular invasion.
These pathological features contribute collectively to a
worse prognosis (9). The findings suggest that Ki-67
not only reflects tumor proliferative activity but may
also play a role in enhancing the invasive and meta-
static potential of SRCC, ultimately leading to dimin-
ished survival outcomes. However, the role of Ki-67
in SRCC is not entirely uniform across all studies. For
example, a comparative analysis of 42 primary SRCC
cases in the stomach and colorectum revealed universal
Ki-67 expression, with a mean LI of 36% + 23% in

gastric SRCC and 47% * 26% in colorectal SRCC, but
without a direct link to patient outcomes (36). Addi-
tionally, another study on colorectal carcinomas noted
a significantly lower Ki-67 index in SRCC (11%)
compared to conventional adenocarcinoma (38.2%)
and mucinous adenocarcinoma (28.3%), suggesting
that SRCC may, in some contexts, exhibit lower pro-
liferative activity (37). Moreover, a meta-analysis of
34 studies encompassing over 6,000 colorectal cancer
patients concluded that high Ki-67 expression is gen-
erally associated with worse overall and disease-free
survival. Nonetheless, the prognostic value varied by
tumor subtype and cut-off thresholds, indicating that
Ki-67's utility as a prognostic marker may depend on
broader clinicopathological context (38). Mechanis-
tically, Ki-67 is linked to pathways that drive tumor
progression, including  epithelial-to-mesenchymal
transition (EMT), PI3K/Akt signaling, and suppres-
sion of apoptosis — all of which are relevant to SRCC’s
pathogenesis. EMT contributes to the invasive and
metastatic capabilities of SRCC cells, often in asso-
ciation with loss of E-cadherin, a hallmark feature in
these tumors (39). Ki-67 overexpression may indi-
rectly reflect increased activation of these oncogenic
pathways, serving as a surrogate marker of molecular
aggressiveness. Practically, this means Ki-67 should be
interpreted as a “context marker”: its prognostic mean-
ing is strongest when reported together with (i) depth
of invasion/stage, (ii) tumor cellularity (mucin-rich vs.
non-mucinous areas), and (iii) sampling strategy (bi-
opsy vs resection), because SRCC often shows patchy
proliferative hotspots rather than uniform labeling
(36). Ki-67 is a critical marker for evaluating prolif-
erative activity in SRCC. Its expression correlates with
tumor aggressiveness and clinical outcomes, offering
potential utility in patient stratification and therapeu-
tic planning. Further studies exploring Ki-67-targeted
interventions or its integration into multimodal bio-
marker panels may enhance the clinical management
of this challenging carcinoma.

BCL-2 expression in signet ring cell
carcinoma

BCL-2 is a key regulator of apoptosis, primar-
ily functioning to inhibit programmed cell death and
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promote cell survival. As an anti-apoptotic member of
the BCL-2 protein family, it preserves mitochondrial
membrane integrity by preventing the release of cy-
tochrome ¢ and the subsequent activation of caspases
(40). Dysregulation of BCL-2 expression is frequently
observed in various malignancies and has been im-
plicated in cancer cell resistance to therapy, tumor
progression, and poor clinical outcomes. In gastric
SRCC, available data consistently demonstrate low or
absent BCL-2 expression, highlighting a clear distinc-
tion from intestinal-type gastric adenocarcinoma. In
a large cohort of 413 curatively resected gastric carci-
nomas, BCL-2 expression was detected in only 11.4%
of cases, with 95% of BCL-2—positive tumors belong-
ing to the intestinal type; notably, diffuse-type tumors,
including signet ring cell carcinoma, were uniformly
BCL-2-negative (41). Other studies have reported
higher BCL-2 expression rates in gastric cancers. For
instance, one study found BCL-2 expression in 55.7%
of gastric cancer patients, with a significant correla-
tion to the intestinal type according to Lauren's clas-
sification (42). Another study reported BCL-2 protein
expression in 82% of gastric carcinoma cases, predom-
inantly associated with intestinal-type tumors (43).
These findings underscore that apparent discrepancies
in reported BCL-2 expression largely reflect histologic
composition and cohort heterogeneity, rather than true
overexpression in gastric SRCC. In colorectal SRCC,
BCL-2 expression appears to be variable. A study in-
vestigating colorectal carcinoma associated with schis-
tosomiasis in Egypt found that 58.3% of cases with
schistosomiasis were BCL-2 positive, compared to
33.3% of cases without schistosomiasis (44). Another
study reported BCL-2 protein expression in 19 out of
22 colorectal adenocarcinomas and 12 out of 13 adeno-
mas, suggesting a role for BCL-2 in promoting cell sur-
vival in colorectal tumors (45). However, specific data
on BCL-2 expression in colorectal SRCC remain lim-
ited. In breast cancer, BCL-2 expression varies among
molecular subtypes. A study analyzing 1,304 patients
with breast cancer found BCL-2 expression in 54.4%
of cases. By subtype, BCL-2 was expressed in 74% of
hormone receptor-positive and HER2-negative cases,
10.7% of hormone receptor-positive and HER2-
positive cases, 2.8% of hormone receptor-negative and
HER2-positive cases, and 12.5% of triple-negative

breast cancer cases. High BCL-2 expression was as-
sociated with favorable prognosis in luminal A breast
cancer but did not show a prognostic relationship in
other subtypes (46). Specific data on BCL-2 expression
in breast SRCC are scarce, necessitating further in-
vestigation. Targeting BCL-2 in SRCC represents
a theoretical or hypothesis-generating strategy extrap-
olated from other malignancies. B-cell lymphoma 2
Homology 3 (BH3) mimetics, such as venetoclax, are
designed to inhibit BCL-2 and restore apoptotic sen-
sitivity. In small-cell lung cancer (SCLC), venetoclax
has demonstrated efficacy in tumors with high BCL-2
expression, inducing apoptosis and tumor regression
in preclinical models (47). However, resistance to
venetoclax can occur due to factors like Myeloid Cell
Leukemia-1 (MCL-1) overexpression and low BCL2
associated X (BAX) levels. Combining BCL-2 and
MCL-1 inhibitors has shown synergistic anti-tumor
activity in resistant SCLC models (48). While these
findings are encouraging, clinical evidence of veneto-
clax efficacy in SRCC remains limited, underscoring
the need for further studies. For SRCC specifically, the
most clinically “safe” way to use BCL-2 is as a sup-
portive (not standalone) marker: gastric SRCC is often
BCL-2-negative (so positivity should trigger re-check
of subtype and panels), and strong BCL-2 positivity
can be a red flag for mimickers (particularly lymphoid
neoplasms with signet-ring-like vacuoles) rather than
true epithelial SRCC, so parallel cytokeratins/CD45
should be considered when morphology is equivo-
cal (28). Overall, while BCL-2 plays a critical role in
apoptotic regulation across cancers, its expression in
SRCC is site-dependent, often absent in gastric pri-
maries, and insufliciently characterized in colorectal
and breast SRCC. Current evidence supports its use
as an adjunctive interpretive marker rather than a vali-
dated therapeutic target in SRCC, highlighting the
need for SRCC-focused molecular and clinical studies.

HER?2 in signet ring cell carcinoma

HER?2 is a transmembrane tyrosine kinase re-
ceptor involved in cell proliferation and differentia-
tion (49). HER2 overexpression or gene amplification
has been identified as a therapeutic target in various
cancers, notably breast and gastric carcinomas (50).
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Methodologically, HER2 is one of the “highest-risk”
markers for SRCC misclassification because mucin-
rich signet-ring cells can generate incomplete or ar-
tifactual membranous patterns on IHC; therefore,
any equivocal pattern should be reflex-tested by ISH/
FISH to avoid overtreatment with anti-HER2 ther-
apy (51). In addition, recent SRCC-focused literature
continues to emphasize that HER2-positive SRCC
is uncommon and should be considered an “actionable
exception” when ERBB2 amplification is confirmed,
it may open a therapeutic window, but the baseline
probability remains low compared with intestinal-type
gastric adenocarcinoma (52). In gastric cancer, HER2
overexpression is observed in approximately 10-20%
of cases, predominantly in the intestinal-type adeno-
carcinomas. In contrast, diffuse-type gastric cancers,
including SRCC, typically exhibit low HER2 expres-
sion. A study reported that HER2 overexpression
was present in about 5% of diffuse-type tumors, with
signet ring type tumors being typically negative for
HER2 (53). Another study found that HER2 expres-
sion detected by immunohistochemistry (IHC) was
susceptible to misinterpretation in signet ring cells,
and the true HER2 positivity rate was only 1.9% in
155 gastric SRCCs (51). These findings suggest that
HER?2-targeted therapies may have limited applicabil-
ity in gastric SRCC. A study by Zheng et al. analyzing
five cases of primary breast carcinoma with signet ring
cell differentiation found consistent strong ER posi-
tivity and uniformly negative HER2 expression, with
variable progesterone receptor (PR) and Ki67 levels
ranging from 10-30% (12). This suggests that HER2-
targeted therapies may not be effective for breast
SRCC. However, due to the rarity of this subtype, fur-
ther studies are needed to confirm these findings. In
colorectal cancer, HER2 overexpression is less com-
mon compared to breast and gastric cancers. A study
reported that among mucinous carcinoma cases, five
showed no expression and three showed 1+ expres-
sion of HER2/neu out of a total of eight cases. Both
cases of SRCC showed 1+ expression, indicating low
HER?2 expression in colorectal SRCC. These findings
suggest that HER2-targeted therapies may have lim-
ited efhicacy in colorectal SRCC. HER2 expression in
SRCC varies depending on the tumor's anatomical
origin. Gastric and colorectal SRCCs generally exhibit

low HER2 expression, limiting the applicability of
HER?2-targeted therapies. Breast SRCC also appears
to lack HER2 overexpression, although data are lim-
ited. These findings underscore the importance of ac-
curate HER2 assessment in SRCC and suggest that
alternative therapeutic targets should be explored for
this aggressive carcinoma subtype.

PD-L1 expression in signet ring cell
carcinoma

PD-L1 is an immune checkpoint protein that
plays a crucial role in tumor immune evasion. Its ex-
pression in SRCC, varies depending on the tumor's
anatomical origin. In gastric SRCC, PD-L1 expres-
sion has been observed in a significant subset of
cases. A study involving 89 patients with advanced
gastric SRCC reported PD-L1 positivity in 40.4% of
tumors (54). This expression correlated with increased
CD3+ T-cell infiltration and microsatellite instability
(MSI), suggesting an active tumor immune microen-
vironment. Furthermore, PD-L1 expression was asso-
ciated with peritoneal recurrence in advanced gastric
SRCC. Patients with peritoneal metastases exhibited
higher PD-L1 positivity (35.5%) compared to those
without peritoneal recurrence (12.5%) (55). These
findings imply that PD-L1 expression may serve as a
biomarker for identifying gastric SRCC patients who
could benefit from immune checkpoint inhibitors. In
metastatic esophagogastric SRCC, PD-L1 expression
has also been evaluated as a predictive biomarker for
immunotherapy response. A study assessing HER2-
negative patients receiving first-line PD-1 blockade
plus chemotherapy found that exosomal PD-L1 levels
correlated with treatment eflicacy. Patients with higher
exosomal PD-L1 levels demonstrated better objective
response rates and progression-free survival. This sug-
gests that non-invasive biomarkers like exosomal PD-
L1 could aid in selecting patients for immunotherapy
(26). Data on PD-L1 expression in colorectal SRCC
are limited. However, a case report described a patient
with right-sided colorectal SRCC exhibiting micros-
atellite stability (MSS) and negative PD-L1 expres-
sion, who did not respond to first-line chemotherapy
(56). This highlights the aggressive nature of colo-
rectal SRCC and the need for alternative therapeutic
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strategies. A key “upgrade” from the newest evidence
is that tissue PD-L1 alone may be insufficient for se-
lecting metastatic esophagogastric SRCC patients for
PD-1 blockade: in a prospective exploratory cohort
of HER2-negative metastatic esophagogastric SRCC
treated with PD-1 inhibitor plus XELOX, objective
response rate (ORR) was 51.5% and median PFS was
6.63 months, yet PD-L1 in tumor tissue did not de-
fine a subgroup with significantly better ORR/PFS,
whereas low exosomal PD-L1 and low exosomal lactate
before treatment were associated with markedly higher
ORR and longer PFS (26). In that same study, a com-
bined predictor of exosomal PD-L1 and lactate below
a reported threshold was associated with ORR 82.1%
vs 30.0% and median PFS 13.83 vs 5.50 months, sup-
porting liquid-biopsy “immune-metabolic” stratifica-
tion specifically for SRCC. Mechanistically, exosomal
PD-L1 was correlated with CD8+ T-cell frequency,
and high exosomal PD-L1 after therapy was linked
with more PD-1+ Treg cells, suggesting that circulat-
ing vesicle markers may capture immunosuppressive
dynamics that are not visible on a single tissue PD-L1
snapshot. PD-L1 expression in SRCC varies across
different anatomical sites, with notable expression in
gastric and esophagogastric tumors. Its presence cor-
relates with specific clinical features, such as peritoneal
recurrence in gastric SRCC, and may predict respon-
siveness to immune checkpoint inhibitors. Further re-
search is warranted to standardize PD-L1 assessment
and to explore its role in guiding immunotherapy for

SRCC patients.

Conceptual integrated framework and
proposed clinically oriented stratification

The integration of Ki-67, BCL-2, HER2, and
PD-L1 expression profiles offers a more nuanced ap-
proach to understanding the clinical behavior and ther-
apeutic vulnerabilities of SRCC. While each marker
individually provides insight into proliferation, apop-
tosis resistance, receptor signaling, or immune evasion,
their combined interpretation can better reflect tumor
biology and guide clinical decisions. For example,
tumors with high Ki-67 and positive BCL-2 expres-
sion may exhibit both rapid proliferation and eva-
sion of apoptosis, contributing to aggressive growth

and potential chemoresistance. In contrast, low Ki-67
with BCL-2 negativity might represent a less prolif-
erative but equally evasive tumor phenotype, requir-
ing alternative therapeutic strategies. The absence of
HER?2 expression in most SRCCs limits options for
HER?2-targeted therapy, but this negativity — when
paired with positive PD-L1 expression — may indicate
potential benefit from immune checkpoint blockade.
On the other hand, PD-L1-negative, HER2-negative
tumors lacking actionable targets may fall into an im-
munologically "cold" category with limited current
therapeutic options, emphasizing the need for novel
approaches. An integrated biomarker assessment can
also help stratify patients into prognostic subgroups
(Table 3).

Importantly, this proposed stratification should
be interpreted as a conceptual, hypothesis-generating
framework rather than a clinically validated model
specific to SRCC. Robust validation will require pro-
spective, SRCC-focused cohorts with standardized
biomarker assessment, harmonized scoring systems
and cut-off thresholds, and analyses stratified by tumor
stage. Inaddition, future studies should explicitly distin-
guish pure SRCC from mixed tumors with non-signet
-ring components, given their distinct biological be-
havior and potential impact on biomarker expression
and clinical relevance.

Diagnostic pitfalls and morphologic mimics
in signet ring cell carcinoma

SRCC presents significant diagnostic complexity
because its characteristic cytoplasmic mucin accumu-
lation and eccentrically displaced nuclei may closely
resemble several unrelated neoplasms. This morpho-
logic overlap complicates both initial tumor classifi-
cation and the interpretation of molecular biomarkers
that guide prognosis and therapy. A number of tumors
can reproduce signet-ring-like morphology, including
cutaneous squamous cell carcinoma with intracellular
vacuoles mimicking mucin (14), invasive lobular breast
carcinoma which frequently demonstrates intracyto-
plasmic mucin droplets and can be mistaken for meta-
static gastrointestinal SRCC when relying solely on
morphology (12), and rare prostatic carcinomas with
signet-ring-like cells, which may present with variable
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Table 3. Proposed Biomarker-Based Subgroups in Signet Ring Cell Carcinoma

Subtype Ki-67 BCL-2

HER2 PD-L1 Clinical Implication

Variable (site- and
context-dependent)

Proliferative and
Apoptosis-Resistant

High

Variable (tumor- vs
immune-cell expression)

Negative Aggressive biological
behavior driven by high
proliferative activity;
possible apoptotic
resistance in selected
contexts; may require
intensified or alternative

therapeutic strategies.

Low Proliferation, Low

Apoptosis-Prone

Negative

Variable (often low or

focal)

Negative Less aggressive biology,
particularly in early or
intramucosal disease;
may respond to standard
therapies; careful
longitudinal monitoring

is recommended.

Variable
(reflecting
heterogeneity)

Variable

Immune-Responsive

Potential candidates

for immune checkpoint
inhibition, particularly
when supported by
immune-cell infiltration
or complementary
immune biomarkers.

Negative | Positive (tumor and/or

immune cells)

Triple-Negative SRCC | Variable Variable

Negative | Negative Limited targeted
options; consider
clinical trials and novel

therapeutic approaches.

“Variable” indicates context-dependent expression influenced by tumor location, histologic composition, intratumoral heterogeneity, and technical
factors related to immunohistochemical assessment. In SRCC, biomarker expression may differ between classic signet-ring cells and adjacent non-
mucinous tumor components, as well as between tumor cells and immune infiltrates. Abbreviations: Ki-67 — marker of proliferation Kiel 67, BCL-2 -
B-cell lymphoma 2, HER2 — human epidermal growth factor receptor 2, PDL-1 — programmed death-ligand 1.

PD-L1 expression and mismatch repair abnormali-
ties and thereby further mimic metastatic SRCC (28).
In addition, certain lymphoid malignancies may ac-
cumulate immunoglobulin-rich cytoplasmic vacuoles
that resemble signet-ring cells but demonstrate strong
BCL-2 and CD45 expression rather than epithelial dif-
ferentiation. These mimics underscore that morphol-
ogy alone is insufficient for reliably diagnosing SRCC
and necessitate careful use of immunohistochemical
panels including cytokeratins, E-cadherin, CDX2,
ER/PR, PSA, and lymphoid markers to avoid mis-
classification. Beyond morphologic traps, interpreta-
tion of key biomarkers used in SRCC poses additional
challenges. Ki-67, a marker of cellular proliferation,
is subject to considerable intratumoral heterogeneity

in SRCC. Classic signet-ring cells filled with mucin

often show low Ki-67 labeling, while adjacent non-
mucinous or poorly cohesive tumor regions may ex-
hibit markedly higher proliferative activity, meaning
that limited sampling can substantially underestimate
the true proliferative capacity of the tumor (36). Some
early intramucosal SRCCs, particularly those arising in
Helicobacter pylori—negative stomachs with germline
or somatic CDH1 alterations, may also display very low
and stable Ki-67 activity for years, creating a mislead-
ing impression of indolence despite underlying molec-
ular instability (13). These features emphasize the need
for assessing Ki-67 expression across multiple tumor
regions rather than relying on a single field. Evalua-
tion of BCL-2 expression may likewise be misleading
in SRCC. Gastric SRCCs generally lack BCL-2 posi-

tivity, in contrast with intestinal-type gastric cancers,
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in which BCL-2 expression is more common (41).
This absence of BCL-2 can be diagnostically useful,
but BCL-2 positivity — when present — should prompt
caution and consideration of mimickers such as certain
lymphomas or breast carcinomas, which characteris-
tically retain strong BCL-2 expression. Thus, BCL-2
should be interpreted within a broader immunophe-
notypic context rather than viewed in isolation. HER2
testing in SRCC is particularly prone to technical
pitfalls. The cytoplasmic mucin vacuole compresses
and distorts the cell membrane, often creating incom-
plete, basolateral, or artifactual membranous staining
patterns that mimic HER2 immunohistochemistry
(IHC) scores of 2+ without true ERBB2 amplification
(51). Because diffuse-type gastric cancers, including
SRCC, display substantial intratumoral heterogeneity,
focal HER2 expression may also be missed or erro-
neously overinterpreted depending on the biopsy site.
HER2 THC in SRCC therefore requires especially
cautious interpretation, and equivocal staining should
be confirmed by ISH/FISH to prevent inappropriate
trastuzumab use. PD-L1 evaluation in SRCC presents
additional diagnostic difficulties. The abundant mucin
within signet-ring cells can obscure or dilute mem-
brane staining, contributing to false-negative PD-L1
assessments (54). In many cases, PD-L1 expression
is localized predominantly to tumor-infiltrating im-
mune cells rather than to the tumor cells themselves,
complicating TPS and CPS scoring and sometimes
leading to underestimation of immunologic activation.
Recent evidence suggests that exosomal PD-L1 may
correlate more reliably with immunotherapy response
in metastatic esophagogastric SRCC than tissue PD-
L1 staining, indicating that liquid biopsy biomarkers
could help overcome some of the histologic limitations
of conventional PD-L1 assessment (26). Collectively,
these diagnostic and biomarker-related pitfalls dem-
onstrate that SRCC requires an especially meticulous
diagnostic approach. Signet-ring morphology alone is
insufficient to establish the diagnosis, and molecular
marker interpretation—particularly for Ki-67, BCL-2,
HER?2, and PD-L1-is vulnerable to sampling bias,
mucin-associated artifacts, and biologic heterogeneity.
Accurate characterization of SRCC depends on inte-
grating morphology with a broad immunohistochemi-
cal panel and, when appropriate, molecular testing.

Awareness of these traps is essential for avoiding mis-
diagnosis, guiding appropriate therapy, and improving
the precision of biomarker-driven decision-making in
this aggressive and heterogeneous carcinoma.

Future directions and perspectives

Despite advances in the characterization of SRCC,
significant challenges remain in translating molecu-
lar biomarker data into routine clinical practice. The
heterogeneous expression patterns of Ki-67, BCL-2,
HER2, and PD-L1 highlight the need for a more
standardized and integrated approach to biomarker
evaluation. Current studies are often limited by small
cohort sizes, retrospective design, and lack of molecu-
lar subtyping across anatomical sites. Future research
should prioritize integrative analyses using genomics,
transcriptomics, proteomics, and immunoprofiling to
classify SRCC into molecular subtypes (56). This may
uncover new therapeutic targets and reveal combina-
tions of biomarkers that better predict response to ther-
apy. Non-invasive approaches such as circulating tumor
DNA (ctDNA), exosomes, and circulating tumor cells
could provide real-time insight into tumor evolution
and biomarker dynamics, particularly in metastatic or
unresectable SRCCs (26). Beyond expression levels, the
functional activity of BCL-2 and PD-L1 pathways in
SRCC remains poorly understood. Preclinical studies
using patient-derived xenografts or organoid models are
necessary to explore the biological role of these mark-
ers and evaluate responses to targeted therapies such as
BH3 mimetics or immune checkpoint inhibitors. Given
the limited and inconsistent expression of PD-L1 in
SRCC, future trials should incorporate additional im-
mune biomarkers (e.g., tumor mutational burden, T-cell
infiltration, microsatellite instability) to refine patient
selection for immunotherapy (57). Combinatorial strat-
egies that include chemotherapy, targeted agents, or
epigenetic modulators may enhance efficacy. As SRCC
occurs in diverse anatomical locations (stomach, colon,
breast, bladder), comparative studies examining bio-
marker expression and clinical outcomes across sites will
be critical for understanding site-specific biology versus
shared SRCC features. Most biomarker-driven clinical
trials exclude or underrepresent SRCC patients. Dedi-
cated trials or stratified analyses within existing studies
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are needed to determine the true predictive and prog-
nostic value of key biomarkers in this unique subtype. In
summary, future research in SRCC should move toward
a systems biology approach that integrates molecular,
histologic, and clinical data. Such efforts may pave the
way for personalized therapy and improved outcomes
for patients with this aggressive and poorly understood
carcinoma.

Conclusion

SRCC is a clinically and biologically distinct
malignancy rather than a mere histological variant of
adenocarcinoma. Its molecular profile is character-
ised by aggressive proliferative activity (Ki-67), selec-
tive resistance to apoptosis (BCL-2), a predominantly
HER2-negative signalling landscape, and variable
immune-evasive phenotypes mediated through PD-L1.
These markers individually carry prognostic and thera-
peutic relevance, yet their true value emerges only when
interpreted collectively. An integrated biomarker per-
spective provides a more accurate reflection of SRCC
biology and allows identification of clinically meaning-
ful subgroups that may benefit from tailored therapeutic
strategies. The current translation of biomarker data into
clinical practice remains limited by non-standardised
scoring, heterogeneous cut-off thresholds, and insuf-
ficient evidence from SRCC-specific cohorts. To ad-
vance precision oncology in this setting, future research
should prioritise SRCC-focused clinical investigations,
multi-omics profiling, and harmonised evaluation
frameworks for biomarker interpretation. Ultimately,
progress in SRCC management will depend not on
extrapolating treatment principles from conventional
adenocarcinoma, but on developing biomarker-driven,

SRCC-specific therapeutic pathways.
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