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Abstract

Introduction: Locally advanced breast cancer (LABC) is associated with high morbidity. While neoadjuvant
chemotherapy (NAC) is the standard of care, clinical responses vary significantly due to tumor heterogeneity.
This study evaluated pre-treatment intracellular Interleukin-33 (IL-33) expression as an independent predictor of
NAC response in LABC patients. Methods: This prospective cohort study included 54 female LABC patients
at Hasanuddin University Hospital. Pre-treatment /L-33 protein expression was evaluated semiquantitatively
using immunohistochemistry. All subjects received three cycles of taxane- and anthracycline-based NAC.
Post-chemotherapy clinical responses were assessed using RECIST guidelines. Data were analyzed via bivariate
and multiple logistic regression models. Results: Most subjects presented with histologic grade 3 tumors (64.8%)
and the luminal molecular subtype (57.4%). Positive intracellular /L-33 expression was detected in 40 patients
(74.1%), with 33 patients (61.1%) achieving a favorable clinical response to NAC. The /L-33 positive cohort
demonstrated a significantly higher response rate compared to the negative cohort (70.0% vs. 35.7%; p = 0.024;
OR = 4.2; 95% CI: 1.16-15.19). Multivariate modeling confirmed that positive /L-33 expression (Adjusted
OR =5.01; 95% CI: 1.12-22.32; p=0.035) and the luminal subtype (Adjusted OR = 8.73; 95% CI: 2.29-33.28;
p = 0.002) are robust independent predictors of clinical outcomes. Conclusion: Pre-treatment intracellular
1L-33 expression is a significant independent predictor of NAC response in LABC. This biomarker demonstrates
substantial potential in assisting patient stratification to optimize precision oncology.

Keywords: breast cancer, Interleukin-33, neoadjuvant chemotherapy, clinical response, immunohistochemistry

Submission Date: 07/23/2026

Asian Pac J Cancer Biol, 11 (4), 1037-1042 Acceptance Date: 09/05/2026

Introduction

Breast cancer remains a global oncological challenge,
with continually rising morbidity and mortality rates,
particularly in developing nations [1, 2]. Limited
coverage of early screening programs frequently results
in a high proportion of patients diagnosed with locally
advanced breast cancer (LABC) [3, 4]. In this clinical
setting, ncoadjuvant chemotherapy (NAC) has been
established as the primary standard of care aimed at
downstaging tumor volume, facilitating optimal surgical

resection, and evaluating in vivosensitivity to cytotoxic
agents [5, 6]. Although clinical guidelines recommend
standard regimens, the clinical responses exhibited by
LABC patients vary considerably ranging from complete
response to disease progression which ultimately impacts
long-term prognosis and survival [7, §].

This profound variability in chemotherapy response
is heavily influenced by biological heterogeneity and
the complexity of the tumor microenvironment (TME)
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[9,10]. Therefore, the identification of tissue-based
predictive biomarkers is crucial for stratifying patients
and guiding precision oncology strategies [11]. Currently,
the role of cytokines in modulating tumor immunity
and chemotherapy resistance is garnering widespread
attention. Interleukin-33 (IL-33), a pro-inflammatory
cytokine of the /L-/ family that functions as a cellular
alarmin, is known to have pleiotropic involvement in
cancer biology [12,13]. This cytokine is expressed by
various epithelial and endothelial cells, and its role in
tumor progression whether facilitating immune evasion or
potentiating anti-tumor responses is highly dependent on
the tissue context and molecular subtype profile [14,15].
Although the potential of /L-33 as a biomarker
is increasingly being explored, a comprehensive
understanding of its clinical utility as a predictor of
neoadjuvant response remains hindered by a significant
research gap. The majority of previous studies have
focused on quantifying /L-33 at the systemic circulation
or transcriptomic levels [16-19]. Measurements at the
messenger RNA (mRNA) level often fail to represent
the functional dynamics of the final protein due to
post-transcriptional regulation within tumor cells.
Furthermore, the direct correlation between intracellular
IL-33 protein expression in primary tissue prior to
chemotherapy and clinical response outcomes based on the
Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines within a homogeneous LABC population has
not been adequately evaluated. The absence of this tissue-
level proteomic data limits the functional translation of
1L-33 into routine diagnostic pathology practice. To bridge
this gap, this study aimed to investigate the expression
profile of intracellular /L-33 protein in pre-treatment
locally advanced breast carcinoma tissues and to
comprehensively evaluate its predictive role regarding
clinical response following NAC. This proteomic
approach, utilizing immunohistochemical evaluation, is
anticipated to provide a novel empirical foundation for
optimizing personalized therapy, thereby reducing the
morbidity burden in breast carcinoma patients.

Materials and Methods

Study Design

This analytical observational study utilized a
prospective cohort design and was conducted at
Hasanuddin University Hospital, Makassar, Indonesia,
from July to December 2025. Immunohistochemical
evaluation was centralized at the Hasanuddin University
Medical Research Center (HUMRC) Laboratory. The
study protocol was formally reviewed and approved by
the Health Research Ethics Committee of the Faculty of
Medicine, Hasanuddin University (Registration Number:
481/UN4.6.4.5.31/PP36/2025). All procedures involving
human subjects were performed in accordance with the
principles of the Declaration of Helsinki, and written
informed consent was obtained from each participant prior
to the acquisition of medical data and tissue specimens.

Population and Participants
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The target population comprised all female patients
diagnosed with locally advanced breast carcinoma via
a triple diagnostic assessment at the study site. Sample
selection was performed using consecutive sampling,
with a minimum estimated sample size of 54 subjects
determined by correlative analysis for categorical
variables with a 5% margin of error. Inclusion criteria
encompassed treatment-naive patients diagnosed with
invasive breast carcinoma (ductal or lobular histotypes)
who were willing to undergo standard NAC regimens.
Conversely, subjects were excluded if they presented with
bilateral breast cancer, clinical or radiological evidence of
distant metastasis, age exceeding 70 years, concomitant
autoimmune diseases, carcinomatous ulceration or
inflammation, fever or signs of systemic infection at the
time of specimen collection, failure to complete the full
chemotherapy cycle, or loss to follow-up prior to final
evaluation.

Study Procedures

Data collection commenced with the registration of
baseline demographic and clinicopathological parameters,
including initial clinical tumor dimension measurements
using precision calipers. All subjects subsequently
received neoadjuvant therapy utilizing taxane- and
anthracycline-based cytotoxic agents, administered at 21-
day intervals for three complete cycles. Clinical response
evaluation was conducted post-chemotherapy completion
in accordance with the Response Evaluation Criteria in
Solid Tumors (RECIST) guidelines. For statistical analysis
purposes, therapeutic responses were dichotomized into
a responsive cohort (encompassing partial or complete
response) and a non-responsive cohort (comprising stable
or progressive disease).

Breast carcinoma tissue specimens obtained from pre-
treatment biopsies were processed to evaluate intracellular
IL-33 proteomic expression via immunohistochemical
staining using a rabbit anti-/L-33 polyclonal antibody.
Tissues were serially sectioned at a thickness of 5 um,
transferred to electrostatic slides, and incubated at
65°C for 30 minutes. The procedure proceeded with
deparaffinization in xylene, graded rehydration through an
ethanol series, and inhibition of endogenous peroxidase
activity using 3% hydrogen peroxide for 10 minutes.
To minimize non-specific binding, 5% bovine serum
albumin in Tris-buffered saline was utilized. Chromogenic
detection was subsequently applied according to the
manufacturer’s protocol. Expression levels were quantified
microscopically by a specialized pathologist utilizing the
H-score system. Scores below 100 were classified as
negative or low expression, whereas scores ranging from
100 to over 200 were categorized as positive expression,
representing moderate to high staining intensity.

Statistical Analysis

Comprehensive sequential data analysis was performed
using statistical software. Bivariate analysis was initially
applied to evaluate the association between independent
variables including the /L-33 immunohistochemical
profile and standard clinicopathological characteristics
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and chemotherapy response outcomes. This was
conducted using the Chi-square test, or Fisher’s exact
test when expected frequency assumptions were not met.
Subsequently, multiple logistic regression modeling was
applied to determine the independence and magnitude
of the predictive role of variables that demonstrated
significance in the bivariate phase. Statistical significance
was universally defined as p <0.05. Odds ratios (OR) and
95% confidence intervals (CI) were reported to quantify
the strength of association for each predictive variable.

Results

The clinicopathological characteristics of the
54 patients with LABC included in this study were
comprehensively evaluated (Table 1). The majority of
patients presented with histologic grade 3 carcinoma
(64.8%), the luminal molecular subtype (57.4%),
premenopausal status (59.3%), and clinical lymph
node involvement (68.5%). Evaluation of the clinical
response following NAC, based on RECIST criteria,
revealed that 33 patients (61.1%) achieved a favorable
response, whereas 21 patients (38.9%) were classified as
non-responsive.

Immunohistochemical evaluation confirmed positive
intracellular 7L-33 protein expression in 40 patients
(74.1%). The staining pattern exhibited varying intensities,
ranging from low (negative) to moderate and high
expression levels within the intracellular compartment
of the tumor cells (Figure 1).

Bivariate analysis revealed a significant association
between pre-treatment molecular profiles and
post-chemotherapy clinical outcomes. Patients with
positive /L-33 expression demonstrated a substantially
higher clinical response rate compared to the /L-33
negative cohort (70.0% vs. 35.7%). This proportional
difference was statistically significant (p = 0.024), yielding
an odds ratio (OR) of 4.2 (Table 2).

Furthermore, the luminal molecular subtype exhibited
a robust predictive correlation with chemotherapy
response compared to the non-luminal subtype (80.6%
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Table 1. Clinical and Clinicopathological Characteristics
of the Study Participants

Variable n %
Histologic Grade

2 19 352

35 6438

Molecular Subtype

Luminal 31 574

Non-luminal 23 42,6
Menopausal Status

Premenopausal 32 593

Postmenopausal 22 40.7
Lymph Node Involvement

Positive 37 685

Negative 17 315
IL-33 Expression

Positive 40 74.1

Negative 14 259
RECIST Response

Responsive 33 6l1.1

Non-responsive 21 389

vs. 34.8%; p = 0.001). Conversely, other conventional
clinicopathological parameters, including histologic
grade, menopausal status, and clinical lymph node status,
did not demonstrate statistically significant associations
with clinical response (Table 3).

To evaluate the independence and predictive strength
of the significant variables, a multiple logistic regression
model was applied, incorporating molecular subtype
and /L-33 expression (Table 4). Multivariate analysis
confirmed that the luminal subtype remained a strong
predictor (Adjusted OR = 8.73; p = 0.002). Crucially,
following simultaneous adjustment within the regression
model, /L-33 expression maintained its significance as an
independent predictor. Patients with positive intracellular
IL-33 expression had a five-fold greater probability of

Table 2. Association between /L-33 Expression and Clinical Response to Neoadjuvant Chemotherapy

1L-33 Expression Responsive n (%) Non-responsive n (%) p-value OR 95% CI
Positive 28 (70.0) 12 (30.0) 0.024 4.2 1.16 — 15.19
Negative 5(35.7) 9(64.3)

Figure 1. Representative Immunohistochemical Staining of /L-33 Expression in Locally Advanced Breast Carcinoma
Tissue. (A) Negative expression (Low Expression); (B) Moderate positive expression; (C) Strong positive expression

(High Expression).
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Table 3. Correlation of Patient Clinicopathological Features with Neoadjuvant Chemotherapy Outcomes

Variable Responsive n (%)  Non-responsiven (%) p-value OR 95% CI
Histologic Grade
2 14 (73.7) 5(26.3) 0.163 — —
19 (54.3) 16 (45.7)
Molecular Subtype
Luminal 25 (80.6) 6(19.4) 0.001 7.8 2.27-2692
Non-luminal 8 (34.8) 15(65.2)
Menopausal Status
Postmenopausal 15 (68.2) 7 (31.8) 0377 — —
Premenopausal 18 (56.3) 14 (43.7)
Lymph Node
Positive 20 (54.1) 17 (45.9) 0.117 — —
Negative 13 (76.5) 4 (23.5)
Table 4. Multivariate Analysis of Predictive Variables for Favorable Clinical Outcomes
Variable B SE p-value Adjusted OR 95% CI
Luminal subtype 2.166 0.683 0.002 8.73 2.29-33.28
Positive IL-33 1.611 0.762 0.035 5.01 1.12-22.32
Constant -5.705 1.622 <0.001 — —

achieving a clinical response compared to the negative
expression cohort (Adjusted OR = 5.01; p =0.035).

Discussion

The results of this study indicate that pre-treatment
intracellular /L-33 protein expression is significantly
correlated with clinical response to NAC in LABC.
Within this study cohort, the /L-33 positive expression
group demonstrated a substantially higher proportion of
favorable clinical responses compared to the negative
expression group. Furthermore, multivariate analysis
confirmed that intracellular /L-33 status provides
significant independent predictive information beyond
established molecular subtype classifications, such as
the luminal subtype. This pattern suggests that /L-33
evaluation has the potential to complement current
predictive biomarker panels for stratifying the probability
of patient response to cytotoxic agents.

Conceptually, these empirical findings align with
the role of /L-33 as an /L-] family cytokine that
functions as an alarmin and an immune regulator with
pleiotropic properties. Current literature emphasizes that
the 7L-33 and its receptor (ST2) axis does not possess
a singular function in cancer pathogenesis; rather, it
demonstrates a broad spectrum of effects ranging from
the potentiation of anti-tumor immunity to the promotion
of an immunosuppressive TME [13]. This biological
variability is largely dictated by the cellular source of
1L-33, its compartment of expression, and the composition
of surrounding resident immune cells, which collectively
modulate the balance of the local immune response [15].

In the specific context of breast carcinoma, evidence
indicates that /L-33 expressed by the stromal compartment,
particularly by cancer-associated fibroblasts, can
facilitate progression and metastasis by orchestrating a

type-2 immune microenvironment [20]. Other studies
have also highlighted the involvement of the /L-33/
ST2 axis in stemness pathways and Wnt activation,
which drive cellular aggressiveness [21]. Nevertheless,
the pro-tumorigenic effects reported in these studies
do not contradict the findings of the present cohort,
which demonstrate an association between intracellular
IL-33 and improved short-term clinical outcomes. This
divergence in outcomes is highly likely influenced by the
compartment of measurement namely, intracellular /Z-33
within primary tumor cells versus stromal or circulating
IL-33 which may reflect the biological susceptibility of
the tumor cells themselves to chemotherapy-induced
apoptosis.

In the NAC setting, /L-33 dynamics are reported
to be significantly modulated in response to cytotoxic
agent exposure. Previous translational studies in breast
cancer patients have shown that /L-33 expression
correlates with therapeutic outcome parameters and
possesses heterogeneous prognostic value across
subtypes, indicating that /L-33 modulation reflects
massive alterations in tumor biology during intervention
[18]. Within this framework, the sustained significance
of the luminal subtype determinant in our analysis
further underscores the internal heterogeneity of
luminal responses to chemotherapy, wherein a subset
of luminal tumors exhibits cytotoxic sensitivity that
necessitates additional complementary markers for
clinical stratification [22].

This study possesses several fundamental strengths.
First, the prospective cohort design enables clear
temporal observation between pre-treatment biomarker
expression and clinical response outcomes. Second,
IL-33 quantification was performed at the proteomic
level (intracellular immunohistochemistry), representing

1040 Asian Pacific Journal of Cancer Biology* Vol 11 Issue 4



apjcb.waocp.com

the functional end-product within tumor cells, thereby
overcoming the limitations of prior studies that
predominantly relied on transcriptomic (mRNA) profiling.
Third, the stringent inclusion criteria, strictly involving
locally advanced stages, minimizes confounding variables
related to disparate disease burdens.

Despite these strengths, the present study is not without
limitations that warrant careful consideration. The most
notable constraint is the relatively small sample size (n =
54), which inherently limits the overall statistical power
of the analysis. This restricted cohort size is directly
reflected by the wide 95% confidence intervals observed
in the multivariate logistic regression model particularly
for the predictive values of /L-33 expression and the
luminal subtype. Such wide intervals indicate a degree of
mathematical estimation instability; therefore, while the
predictive association remains statistically significant, the
precise magnitude of the odds ratios must be interpreted
with caution. Consequently, these findings may not be
broadly generalizable to more heterogeneous clinical
populations without further validation. Furthermore,
therapeutic evaluation in this study relies on macroscopic,
lesion size-based clinical response criteria (RECIST)
rather than absolute microscopic disease eradication,
such as pathological Complete Response (pCR). While
RECIST provides valuable early clinical assessment,
its primary limitation in the neoadjuvant setting is the
inability to reliably distinguish between viable residual
tumor tissue and chemotherapy-induced necrosis, fibrosis,
or scarring. Consequently, macroscopic clinical or
radiological measurements may either underestimate or
overestimate the true extent of residual disease. In contrast,
pCR which evaluates the complete absence of invasive
carcinoma microscopically in both the breast and axillary
lymph nodes serves as the definitive gold standard and a
superior surrogate endpoint for long-term disease-free and
overall survival. The reliance on RECIST in our cohort
may therefore not capture the full spectrum of biological
efficacy and microscopic tumor clearance achieved by
the chemotherapy.

In conclusion, pre-treatment intracellular /L-33
protein expression serves as a robust independent
predictor of clinical response to NAC in patients with
LABC. Patients exhibiting positive /L-33 expression
demonstrate a significantly higher probability of achieving
a favorable clinical response; notably, this finding retains
statistical significance irrespective of the underlying
tumor molecular subtype. These results underscore the
substantial promise of intracellular /L-33 assessment as
a complementary biomarker, facilitating clinical patient
stratification and the optimization of precision oncology
strategies.

To address the limitations associated with the current
sample size and to externally validate these empirical
findings, future investigations warrant large-scale,
multicenter cohort studies. Subsequent research should
concurrently evaluate ST2 receptor status and profile
the surrounding tumor immune microenvironment.
Furthermore, the incorporation of definitive oncological
endpoints such as pCR and long-term survival metrics is
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highly recommended to comprehensively establish the
clinical utility of this biomarker.
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