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Summary

Background. Chronic inflammation contributes to breast cancer progression, yet the
prognostic relevance of inflammatory signaling pathways in early-stage disease remains
incompletely defined. Interleukin-1B (IL-1B) is a key pro-inflammatory cytokine regulated by
infammasome activation and receptor-mediated signaling. This study evaluated the clini-
cal and prognostic significance of major IL-1B pathway components in early-stage invasive
breast cancer.

Methods. A retrospective cohort of 562 patients with early-stage invasive breast cancer
treated between 2018 and 2025 was analyzed. Tissue microarrays were constructed,
and immunohistochemistry was used to assess intratumoral expression of caspase-1,
IL-1 receptor type | (IL-1R I), IL-1 receptor type Il (IL-1R 1l), IL-1 receptor accessory pro-
tein (IL-1RacP), and IL-1 receptor antagonist (IL-1RA). Protein expression was quantified
using H-scores and dichotomized by survival-based cut-offs. Circulating IL-1B levels were
measured by ELISA in a subset of patients (n = 66). Associations with clinicopathological
features, disease-free survival (DFS), and breast cancer-specific survival (BCSS) were
evaluated.

Results. High intratumoral caspase-1 expression was associated with favorable tumor
characteristics, reduced recurrence and metastasis, and improved DFS and BCSS. In
contrast, elevated IL-1R Il expression correlated with disease recurrence and shorter
DFS. IL-1B expression alone showed no independent prognostic significance. Combined
analyses demonstrated improved outcomes in tumors with preserved caspase-1 and IL-1B
expression. Circulating IL-1B levels were higher in basal-type tumors but showed limited
prognostic value.

Conclusions. Prognostic effects of IL-1B signaling in early-stage breast cancer depend
on inflammasome integrity and receptor regulation rather than cytokine abundance alone.
Integrated pathway profiling may improve biologically meaningful prognostic stratification.

Keywords: IL-1B, Caspase-1, Inflammasome, Tumor microenvironment, Inflammation,
Prognostic biomarkers, Triple-negative breast cancer

Introduction

Breast cancer remains the most frequently diagnosed malignancy and a
leading cause of cancer-related mortality among women worldwide, with
over 2.3 million new cases reported annually [1]. Despite major advances
in early detection, molecular subtyping, and systemic therapy, disease
recurrence and metastatic progression continue to occur in a substantial
proportion of patients with early-stage disease [2,3]. Traditional prognos-
tic factors such as tumor size, grade, lymph node status, and hormone
receptor expression do not fully capture the biological heterogeneity un-
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derlying clinical outcomes, underscoring the need for
additional biologically informative biomarkers [4].
Chronic inflammation has emerged as a critical driver
of tumor initiation, progression, and immune evasion
across multiple cancer types, including breast cancer
[5,6]. Among inflammatory pathways, interleukin-1 be-
ta (IL-1B) occupies a central role as a potent pro-tu-
morigenic cytokine capable of modulating angiogen-
esis, epithelial mesenchymal transition, immune cell
recruitment, and metastatic niche formation [7-9]. EI-
evated IL-1pB signaling has been linked to aggressive
tumor phenotypes, treatment resistance, and poor
survival, particularly in basal-like and triple-negative
breast cancer (TNBC) [10-12].

IL-1B bioactivity is tightly regulated at multiple levels.
It is synthesized as an inactive precursor and requires
proteolytic cleavage by caspase-1 within inflammas-
ome complexes to become biologically active [13].
Once released, IL-1B signals through the type | IL-1
receptor (IL-1R 1) in conjunction with the IL-1 receptor
accessory protein (IL-1RacP), initiating downstream
NF-kB and MAPK signaling cascades [14]. In contrast,
IL-1 receptor type Il (IL-1R II) acts primarily as a decoy
receptor, sequestering IL-1B and attenuating inflam-
matory signaling, while the IL-1 receptor antagonist
(IL-1RA) competitively inhibits receptor activation [15].
Dysregulation of this finely balanced signaling network
can shift the tumor microenvironment toward either tu-
mor-promoting inflammation or immune restraint.
Recent experimental and translational studies have
highlighted the dual and context-dependent role of
IL-1B signaling in breast cancer biology [16,17]. While
IL-18 can promote tumor growth and metastasis,
components of the inflammasome pathway, particu-
larly caspase-1, have also been associated with tu-
mor-suppressive immune responses and improved
clinical outcomes in selected contexts [18,19]. These
apparently paradoxical effects suggest that the prog-
nostic relevance of IL-1B signaling cannot be inferred
from single markers alone but rather requires integrat-
ed, pathway-level evaluation of its regulatory compo-
nents.

Although circulating IL-1B has been explored as a bi-
omarker in advanced and metastatic breast cancer
[20], data linking serum IL-1B levels with intratumoral
expression of IL-1B signaling components and long-
term outcomes in early-stage disease remain limited.
Furthermore, intratumoral IL-1B expression may not
reflect tumor-cell intrinsic signaling but instead rep-
resent the composite activity of stromal and immune
compartments within the tumor microenvironment.
Comprehensive analyses simultaneously assessing
caspase-1, IL-1 receptors, and IL-1p—together with
detailed clinicopathological correlations—are there-

fore scarce, particularly in large, well-characterized
cohorts with extended follow-up.

In this study, we investigated the expression patterns
and prognostic significance of key IL-18 pathway com-
ponents caspase-1, IL-1R |, IL-1R I, IL-1RacP, and
IL-1RA in a large cohort of patients with early-stage
invasive breast cancer. Using tissue microarray-based
immunohistochemistry and objective survival-based
cut-off determination, we evaluated their associations
with clinicopathological features, disease recurrence,
and survival outcomes. In addition, we examined cir-
culating IL-1B levels in a subset of patients to explore
systemic inflammatory correlates. By integrating tu-
mor-based and serum-based analyses, this study
aims to clarify the complex role of IL-1B signaling in
breast cancer progression and to identify biological-
ly meaningful inflammatory biomarkers with potential
prognostic and therapeutic relevance.

Methods

Stupy CoHoRT AND CLINICAL DATA

This retrospective study included 562 patients with
early-stage invasive breast cancer who underwent pri-
mary surgical treatment between 2018 and 2025. Clin-
icopathological data collected included patient age,
tumor size, histological grade, pathological stage,
lymphovascular invasion (LVI), lymph node (LN) sta-
tus, estrogen receptor (ER), progesterone receptor
(PgR), HER-2 status, molecular subtype, disease re-
currence, and distant metastasis.

ER and PgR positivity were defined as nuclear staining
in > 1% of tumor cells. HER-2 positivity was defined
as IHC score 3+, with equivocal (2+) cases confirmed
by fluorescence in situ hybridization. Triple-negative
breast cancer was defined by the absence of ER,
PgR, and HER-2 expression. Long-term follow-up da-
ta were available for disease-free survival (DFS) and
breast cancer-specific survival (BCSS) analyses.
Ethical approval was obtained from the Institutional
Review Board (IRB) of Komar University of Science
and Technology (KUST), Sulaymaniyah, Iraq (Approv-
al No. KUST-FA25-07-04-DEN). The study was con-
ducted in accordance with institutional ethical guide-
lines and the principles of the Declaration of Helsinki.

Tissue MicroARRAY CONSTRUCTION AND
IMMUNOHISTOCHEMISTRY

Formalin-fixed paraffin-embedded (FFPE) tumor
specimens were assembled into tissue microarrays
(TMAs) to enable high-throughput and standard-
ized biomarker evaluation. Immunohistochemical
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Figure 1. Optimisation of anti-caspase-1, anti-IL-1R 1, anti-IL-1R I, anti-IL-1RacP, and anti-IL-1RA antibodies. Different
concentrations of each antibody were applied on breast tumour composite sections, and optimal concentration was chosen
depending on heterogeneous staining pattern with no background staining (200X magnification).

staining was performed to assess the expression of
caspase-1, IL-1 receptor type | (IL-1R 1), IL-1 receptor
type Il (IL-1R 1I), IL-1 receptor accessory protein (IL-
1RacP), and IL-1 receptor antagonist (IL-1RA) using
commercially validated primary antibodies and opti-
mized staining protocols.

Antibody selection was based on manufacturer val-
idation data, prior peerreviewed publications, and
reproducible staining patterns in FFPE breast cancer
tissues. Each staining run included appropriate posi-
tive and negative tissue controls to ensure specificity
and technical reliability. Detailed antibody information
is provided in Supplementary File S1. Representative
immunohistochemical staining patterns are illustrated
in Figure 1.

EvaLuaTioN oF PROTEIN EXPRESSION

Protein expression was assessed using a semi-quan-
titative H-score system, which integrates staining in-
tensity and the percentage of positively stained tumor
cells, yielding scores ranging from 0 to 300. Scoring
was independently performed by two observers blind-
ed to clinicopathological data and patient outcomes.
Inter-observer agreement was evaluated using intra-
class correlation coefficients, demonstrating good to
excellent concordance.

Objective cut-off points for dichotomizing tumors in-
to low- and high-expression groups were determined
using X-tile bioinformatics software, based on breast
cancer-specific survival.

Serum IL-18 MEASUREMENT

Serum samples collected within +31 days of surgery
and prior to loco-regional radiotherapy were availa-
ble for a subset of patients (n = 66). Circulating IL-18
concentrations were measured using a high-sensi-
tivity enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions. Associa-
tions between serum IL-1B levels and clinicopatholog-
ical variables were subsequently evaluated.

StaTISTICAL ANALYSIS

Associations between biomarker expression and clin-
icopathological parameters were assessed using the
Chi-square test or Fisher’s exact test, as appropriate.
Survival curves were generated using the Kaplan-Mei-
er method, and differences between groups were
evaluated using the log-rank test. Multivariate surviv-
al analyses were performed using Cox proportional
hazards regression models, adjusting for established
prognostic factors.

Statistical analyses were conducted using SPSS soft-
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ware (version 22.0). A p-value < 0.05 was considered
statistically significant.

Results

PATIENT CHARACTERISTICS

A total of 562 patients with early-stage invasive breast
cancer were included in this study. Most patients were
older than 40 years (503 cases, 89.5%), while 59 pa-
tients (10.5%) were 40 years of age or younger. Tu-
mors larger than 2 cm were observed in 343 cases
(61.0%), whereas 212 tumors (37.7%) measured 2
cm or less. The majority of tumors were classified as
pathological stage | (360 cases, 64.0%), followed by
stage Il (134 cases, 23.8%) and stage Il disease (62
cases, 11.0%). High-grade tumors (grade lll) account-
ed for nearly half of the cohort (278 cases, 49.5%)
(Tab. 1).

Hormone receptor positivity was common, with es-
trogen receptor (ER)-positive tumors identified in
401 patients (71.3%) and progesterone receptor
(PgR)-positive tumors in 348 patients (61.9%). HER-

Table I. Clinicopathological characteristics of the study co-
hort (n = 562).

Variable Category n (%)
Age (years) <40 59 (10.5)
Age (years) > 40 503 (89.5)

Tumor size (cm) <2 212 (377)

Tumor size (cm) >2 343 (61.0)
Tumor stage | 360 (64.0)
Tumor stage 1] 134 (23.8)
Tumor stage 1] 62 (11.0)
Tumor grade | 102 (18.1)
Tumor grade I 178 (31.6)
Tumor grade 1 278 (49.5)

ER status Positive 401 (71.3)

ER status Negative 161 (28.7)
PgR status Positive 348 (61.9)
PgR status Negative 214 (38.1)

HER-2 status Positive 99 (17.6)
HER-2 status Negative 463 (82.4)

Molecular Non-triple-negative 478 (85.0)

subtype

Molecular Triple-negative 84 (15.0)

subtype
Recurrence No 323 (574)
Recurrence Yes 239 (42.6)

Distant No 388 (69.0)
metastasis

Distant Yes 174 (31.0)
metastasis

2 overexpression was detected in 99 cases (17.6%),
while triple-negative breast cancer accounted for 84
cases (15.0%). During follow-up, disease recurrence
occurred in 239 patients (42.6%), and distant metas-
tasis was documented in 174 patients (31.0%) (Tab. I).

ExpPressioN PATTERNS OF IL-18 PATHWAY COMPONENTS

Immunohistochemical analysis demonstrated detect-
able expression of caspase-1, IL-1 receptor type |
(IL-1R 1), IL-1 receptor type 1l (IL-1R 1), IL-1 receptor
accessory protein (IL-1RacP), and IL-1 receptor an-
tagonist (IL-1RA) within tumor cells. Representative
staining patterns and antibody optimization data are
shown in Figure 1 and Figure 2.

Across the cohort, staining was predominantly cyto-
plasmic, although membranous localization of IL-1
receptors was observed in a subset of tumors. Occa-
sional nuclear staining was noted for IL-1R Il and IL-
1RA. Expression levels varied considerably between
tumors, ranging from absent or weak staining to strong
immunoreactivity, reflecting marked inter-tumoral het-
erogeneity (Fig. 1).

AssocIATION WITH CLINICOPATHOLOGICAL FEATURES

High caspase-1 expression was significantly associat-
ed with favorable clinicopathological features. Elevat-
ed caspase-1 levels were more frequently observed in
ER-positive tumors (p = 0.005) and PgR-positive tu-
mors (p < 0.001), and were significantly less common
in triple-negative (p = 0.001) and basal-like tumors
(p = 0.001). Importantly, high caspase-1 expression
was associated with reduced rates of disease recur-
rence (p = 0.003) and distant metastasis (p < 0.001),
suggesting a protective biological role (Tab. IV).

In contrast, increased IL-1R | expression was sig-
nificantly associated with lower histological grade
(p = 0.0001) and more favorable Nottingham Prog-
nostic Index categories. High IL-1R Il expression
was significantly associated with disease recurrence
(p = 0.006), consistent with its role as a decoy re-
ceptor regulating IL-1B signaling. Elevated IL-1RacP
expression correlated with ER positivity and non-ba-
sal molecular subtype, whereas IL-1RA expression
showed no consistent association with clinicopatho-
logical variables (Tab. Il).

SuRVIVAL ANALYSIS

Kaplan-Meier survival analysis demonstrated that pa-
tients with high caspase-1 expression experienced
significantly longer disease-free survival compared
with those with low expression (p = 0.002). A similar
association was observed for breast cancer-specific
survival, with improved outcomes in patients exhibit-
ing high caspase-1 expression (p = 0.004) (Fig. 2).
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Figure 2. Kaplan-Meier analysis of the association between caspase-1, IL-1 receptors, IL-1 receptor accessory protein (IL-
1RacP), and IL-1 receptor antagonist (IL-1RA) expression and breast cancer-specific survival. Survival differences were as-
sessed using the log-rank test. High caspase-1 expression was significantly associated with improved breast cancer-specific
survival (A, p = 0.004). IL-1 receptor type | showed a statistically significant but modest association (B, p = 0.044), while no
significant associations were observed for IL-1 receptor type Il (C, p = 0.089), IL-1RacP (D, p = 0.347), or IL-1RA (E, p = 0.056).
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Table Il. Association between IL-1B pathway components and clinicopathological variables.

Variable Caspase-1 (High) IL-1R | (High) IL-1R 1l (High) IL-1RacP (High)  IL-1RA (High)
ER positivity Yes (p = 0.005) NS NS Yes (p = 0.004) NS
PgR positivity Yes (p < 0.001) NS NS NS NS
Lower tumor grade NS Yes (p = 0.0001) NS NS NS
Triple-negative subtype Less frequent Less frequent NS Less frequent NS
(p = 0.001) (p = 0.029) (p = 0.003)
Basal subtype Less frequent NS NS Less frequent NS
(p = 0.001) (p = 0.003)
Recurrence Lower (p = 0.003) NS Higher NS NS
(p = 0.006)
Distant metastasis Lower (p < 0.001) NS NS NS NS

Table lIl. Multivariate Cox regression analysis for disease- ~ Conversely, high IL-1R Il expression was associated

free survival. with shorter disease-free survival (p = 0.005) (Fig. 3). No
Variable HR 95% CI p-value significant associations were observed between IL-1R I,
Caspase-1 (High vs 0.75 0.58-0.96 0.024 IL-1RacP, or IL-1RA expression and survival outcomes.

Low) Multivariate Cox proportional hazards analysis for
IL-1R Il (High vs Low) | 1.21 0.92-1.58 0.173 disease-free survival (DFS) demonstrated that high
Tumor stage 2.56 171-3.84 < 0.001 caspase-1 expression remained independently asso-
Tumor grade 1.28 0.93-1.78 0.136 ciated with improved DFS after adjustment for estab-
Lvi 160 1.23-2.09 < 0.001 lished clinicopathological factors, whereas IL-1R Il did

LN status 0.56 0.34-0.91 0.020

not retain independent significance (Tab. 1l1)
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Figure 3. Kaplan-Meier analysis of IL-1R | and tumour IL-1B expression subgroupings and disease-free survival. Signifi-
cance was determined using the log-rank test. Patients with high IL-1R | and IL-1B expression had longer disease-free inter-
vals compared with other patients whose tumour either had low IL-1R | and low IL-1B expressions (p = 0.002), or low IL-1R
I and high IL-1B expressions (p = 0.006).
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ComBINED ExPRESSION OF IL-1B AND SIGNALING
COMPONENTS

Combined expression analyses demonstrated that
patients whose tumors exhibited high caspase-1
and high IL-1B expression experienced improved
disease-free survival compared with those showing
low expression of both markers (p < 0.001) (Fig. 4)
Similarly, favorable survival patterns were observed in
patients with high IL-1R | and high IL-1B expression.
However, these associations did not remain signifi-
cant after multivariate adjustment, indicating that com-
bined IL-1B signaling effects are influenced by other
dominant prognostic factors.

Serum IL-18 LEVELS AND CLINICOPATHOLOGICAL
ASSOCIATIONS

Associations between serum IL-1B levels and clin-
icopathological variables are summarized in Table IV.
Analysis of circulating IL-1B levels revealed a signif-
icant association with molecular subtype. Patients
with basal-type tumors exhibited significantly higher
serum IL-1B concentrations compared with those with

Table IV. Association between serum [L-1p levels and clini-
copathological features

Variable Association p-value
Basal molecular subtype Higher IL-1B 0.002
ER status No association NS
Tumor grade No association NS
Recurrence No association NS
Distant metastasis No association NS

non-basal tumors (p = 0.002). No significant asso-
ciations were observed between serum IL-1B levels
and tumor size, grade, hormone receptor status, re-
currence, or distant metastasis. Furthermore, serum
IL-1B concentrations did not show a strong correlation
with intratumoral expression of IL-1B pathway compo-
nents.

Discussion

This study provides a comprehensive evaluation of
the IL-1B signaling axis in early-stage invasive breast
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Figure 4. Kaplan-Meier analysis of IL-1R 1l and tumour IL-1B expression subgroupings and disease-free survival. Signifi-
cance was determined using the log-rank test. Patients with high IL-R Il and low IL-1B expression had longer disease-free
intervals compared to patients whose tumour either expressed low IL-1R Il and high IL-1B8 (p < 0.001) or expressed high
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cancer by integrating intratumoral expression of in-
flammasome components and IL-1 receptors with cir-
culating IL-1B levels and long-term clinical outcomes.
Our findings support the concept that IL-1B signaling
exerts context-dependent effects in breast cancer,
governed by the interplay between cytokine availabili-
ty, receptor configuration, and inflammasome integrity
rather than IL-1B abundance alone [17,21,22]. Impor-
tantly, such context-dependent behavior is not unique
to the IL-1B pathway but represents a broader feature
of cancer-related signaling networks. Pathways such
as NF-«kB activation and heme metabolism similarly
exhibit dual pro- or anti-tumor roles depending on cel-
lular context, tumor microenvironment, and immune
interactions [5,23-25].

A key observation of this study is the association be-
tween high intratumoral caspase-1 expression and
favorable clinical outcomes, including reduced re-
currence and improved disease-free and breast can-
cer-specific survival. Recent studies demonstrate that
caspase-1 is not merely a cytokine-processing enzyme
but also a critical regulator of inflammasome-depend-
ent immune activation and immunogenic cell death
[13,19,21]. In breast cancer, preserved inflammasome
activity has increasingly been linked to enhanced im-
mune surveillance and restrained tumor progression,
particularly in early disease where immune-epithelial
interactions remain relatively intact [26]. Collectively,
these findings suggest that caspase-1 expression
may reflect a biologically competent inflammatory
pathway associated with improved tumor control.

In contrast, elevated expression of IL-1 receptor type Il
(IL-1R I1), a non-signaling decoy receptor, was associ-
ated with disease recurrence. Emerging evidence indi-
cates that IL-1R Il upregulation suppresses productive
IL-1 signaling and promotes immune escape by skew-
ing the tumor microenvironment toward a tumor-sup-
portive inflammatory state [17,23,27]. Our findings
indicate that functional inhibition of IL-1 signaling via
receptor imbalance may be as biologically relevant as
cytokine overexpression, a concept increasingly em-
phasized in contemporary cancer-inflammation litera-
ture [23,28]. Notably, IL-1R Il is an inducible receptor,
and its expression can be upregulated by inflammato-
ry stimuli, including IL-1B itself, suggesting the pres-
ence of a dynamic feedback regulatory loop within the
IL-1 signaling axis. This reciprocal regulation further
underscores the complexity of IL-1B pathway activity
and highlights the importance of considering both li-
gand and receptor dynamics when interpreting its bio-
logical and prognostic effects.

The prognostic inconsistency of IL-18 expression
alone further underscores the dual and context-de-
pendent nature of this cytokine. Although IL-1B has

been shown to promote angiogenesis, invasiveness,
and metastatic niche formation particularly in ag-
gressive and triple-negative breast cancer subtypes
[29-31]. Recent translational studies highlight that its
biological impact is critically shaped by downstream
signaling competence and immune context [26,32].
This provides a plausible explanation for the lack of
independent prognostic value of IL-1B expression ob-
served in our multivariate analyses.

Analysis of circulating IL-1B levels revealed higher
concentrations in patients with basal-type tumors,
consistent with modern data linking systemic in-
flammation to aggressive breast cancer phenotypes
[30,31,33]. However, serum IL-1B showed no signifi-
cant association with survival or recurrence and cor-
related poorly with intratumoral expression of IL-1B
pathway components. These findings align with recent
studies demonstrating that systemic cytokine levels
often reflect host inflammatory status rather than tu-
mor-specific signaling dynamics, thereby limiting their
prognostic utility when used in isolation [28,34].

From a therapeutic perspective, IL-1B has emerged
as a promising target for tumor microenvironment
modulation. Preclinical and translational studies sug-
gest that IL-1B8 inhibition can remodel immune sup-
pression and enhance responses to immunotherapy
[13,17,27]. However, accumulating evidence cautions
that non-selective inhibition of IL-1B or inflammasome
activity may inadvertently suppress beneficial immune
mechanisms, particularly caspase-1-dependent anti-
tumor responses [13,19,21]. Our findings therefore
support a biomarker-guided strategy for inflammatory
pathway targeting rather than indiscriminate cytokine
blockade.

Notably, high caspase-1 expression remained inde-
pendently associated with improved disease-free
survival after multivariate adjustment, whereas the
remaining IL-18 pathway components did not retain
independent prognostic significance. This observation
is consistent with recent large-scale prognostic anal-
yses demonstrating that inflammatory biomarkers re-
fine biological understanding but rarely override clas-
sical determinants such as tumor stage, lymphovas-
cular invasion, and nodal status in early breast cancer
[32,34,35]. Nevertheless, pathway-level inflammatory
profiling may improve biological insight and aid in pa-
tient stratification. Several limitations of this study
should be acknowledged. First, the retrospective
design precludes definitive causal inference, although
the large, well-characterized cohort with long-term
follow-up strengthens the robustness of the observed
associations. Second, biomarker expression was as-
sessed at a single time point, and dynamic chang-
es in IL-1B signaling during disease progression or
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treatment were not evaluated. Third, circulating IL-18
analysis was performed in a subset of patients, which
may limit statistical power for serum-based correla-
tions. Fourth, caspase-1, although a key effector of
inflammasome activation, is not entirely specific to a
single inflammasome complex, and additional canon-
ical components such as NLRP3 and ASC were not
assessed; therefore, the findings should be interpret-
ed as reflecting inflammasome-related activity rather
than direct characterization of specific inflammasome
complexes. Fifth, Ki-67 proliferation index data were
not available for all cases, precluding evaluation of
proliferation as a potential confounding factor. Sixth,
immunohistochemical assessment was not stratified
by tumor versus stromal compartments, which may
have distinct biological and prognostic implications.
Finally, the study did not include evaluation of inflam-
matory infiltrates, limiting interpretation of the IL-1B
signaling axis within the broader immune context of
the tumor microenvironment. Future prospective stud-
ies incorporating longitudinal sampling, a broader
panel of inflammasome markers, proliferation indices,
compartment-specific analyses, and immune profiling
will be important to further clarify the biological and
therapeutic relevance of IL-1B8 pathway regulation in
breast cancer.

Conclusion

This study shows that IL-1B signaling in early-stage
breast cancer is governed by the integrity and reg-
ulation of the inflammatory pathway rather than by
IL-1B expression alone. High intratumoral caspase-1
expression is associated with favorable tumor charac-
teristics and improved survival, suggesting a protec-
tive role for intact inflammasome activity. In contrast,
increased IL-1 receptor type Il expression is linked to
disease recurrence, highlighting the importance of re-
ceptor-mediated modulation of inflammatory signaling
within the tumor microenvironment. The limited prog-
nostic value of circulating IL-1B further underscores
the distinction between systemic inflammation and
tumor-specific signaling. Collectively, these findings
support integrated assessment of IL-1p pathway com-
ponents as a biologically meaningful approach for
prognostic stratification and for guiding precision an-
ti-inflammatory strategies in breast cancer.
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