Methods
Animal Model and Experimental Protocol
	Sixty female Wistar albino rats (7 weeks old, 180 ± 10 g) were obtained and housed under controlled laboratory conditions (22 ± 2°C, 12-hour light/dark cycle) with ad libitum access to food and water. Mammary tumorigenesis was induced using N-methyl-N-nitrosourea (MNU), administered intraperitoneally at 50 mg/kg once weekly for three weeks (Figure S1). This protocol has been extensively validated for inducing hormone receptor–positive mammary tumors in rats and mimic the pathophysiology of luminal breast cancer [1,2]. Eight weeks after the final MNU dose, all animals were evaluated by palpation for the presence of tumors. Tumor-bearing animals were randomly assigned into five groups (n = 12 per group): Control, MNU only, T-DXd, statin, and T-DXd + statin. Sample size was calculated using G*Power software, assuming an alpha of 0.05, power of 85%, and a medium effect size (f = 0.50). This yielded a requirement of 12 animals per group [3]. This study was approved by the Fırat University Animal Experiments Local Ethics Committee (Protocol No: 32617) for the preclinical experiments, which were conducted in accordance with the ARRIVE guidelines, and by the Hacettepe University Ethics Committee for the retrospective analysis of clinical data (SBA:24/1019)
Drug Preparation and Administration
 T-DXd was administered intravenously at a dose of 3 mg/kg, every 21 days (total of two doses). This dosing regimen is supported by previous preclinical studies investigating T-DXd efficacy in vivo [4]. Lovastatin was administered daily via oral gavage at 8.3 mg/kg, a dose previously shown to exert anticancer effects in rodent models without significant toxicity [5].  The treatment duration was 28 days. Throughout the treatment period, rats were monitored twice weekly for tumor growth and general health status. Body weight was recorded weekly.
Sample Collection and Euthanasia
At the end of the 28-day treatment period or upon meeting predefined humane endpoints (e.g., weight loss >20%, ulceration, or impaired mobility), all surviving animals were subjected to terminal procedures under anesthesia. Deep anesthesia was induced via intraperitoneal injection of ketamine (75 mg/kg) and xylazine (10 mg/kg). Animals were then euthanized by decapitation, a method approved by the institutional animal ethics committee, to ensure rapid exsanguination and minimize pain or distress.
All visible mammary tumors were carefully excised using sterile instruments, avoiding surrounding normal tissue. Tumors were counted and evaluated macroscopically for their location, consistency, and gross vascularity. Each tumor was measured using a digital caliper in three dimensions: maximum length (L), width (W), and height (H). Tumor volume was calculated using the ellipsoid formula: V = (L × W × H × π) / 6, which has been validated in preclinical solid tumor models [6]. In animals with multiple tumors, individual tumor volumes were summed to obtain total tumor burden per animal. Tumor incidence was defined as the proportion of animals bearing at least one measurable tumor at the time of necropsy
Histopathological and Immunohistochemical Evaluation
At the end of the treatment period, all excised mammary tumor tissues were fixed in 10% neutral-buffered formalin for 24 to 48 hours at room temperature. Tissues were then processed through graded alcohols and xylene and embedded in paraffin blocks. Serial sections of 5 μm thickness were obtained using a rotary microtome and mounted on positively charged glass slides. Hematoxylin and eosin (H&E) staining was performed for routine histopathological evaluation to assess tumor architecture, cellular morphology, mitotic activity, and presence of necrosis.
For IHC analyses, tissue sections were deparaffinized in xylene, rehydrated through graded ethanol, and subjected to antigen retrieval using citrate buffer (10 mM, pH 6.0) in a microwave oven (2 cycles of 5 minutes at 750 W). Endogenous peroxidase activity was quenched using 3% hydrogen peroxide in methanol for 10 minutes at room temperature. Non-specific binding was blocked using 5% normal goat serum for 30 minutes.
Primary monoclonal antibodies were applied and incubated overnight at 4°C. The following primary antibodies were used: anti-HER2 and anti-Ki-67. Detection was performed using a polymer-based detection system (e.g., Dako EnVision+ Dual Link System) and visualized with 3,3'-diaminobenzidine (DAB) as chromogen. Slides were counterstained with Mayer’s hematoxylin, dehydrated, cleared, and mounted using permanent mounting media. All stained slides were reviewed and interpreted by a board-certified pathologist who was blinded to the experimental group allocation to minimize observer bias. Immunoreactivity was assessed using both visual scoring and digital image analysis when available.
Protein Expression Analysis by Western Blotting
	Frozen mammary tumor tissues were pulverized on dry ice and lysed in ice-cold radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS) supplemented with protease and phosphatase inhibitor cocktails (Roche, Complete Mini and PhosSTOP). The lysates were incubated on ice for 30 minutes with gentle agitation and vortexed every 5 minutes to facilitate membrane disruption. After incubation, lysates were centrifuged at 12000 g for 15 minutes at 4°C to remove cellular debris. The supernatants were collected, and protein concentrations were determined using the bicinchoninic acid (BCA) assay (Thermo Scientific, Pierce BCA Protein Assay Kit) according to the manufacturer’s instructions. Protein levels were measured by Western blotting method as described earlier [7].
For electrophoresis, equal amounts of total protein (20 μg) were denatured in 4× Laemmli sample buffer containing β-mercaptoethanol and heated at 95°C for 5 minutes. Proteins were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) using 10-12% resolving gels, depending on the molecular weight of the target proteins. Following electrophoresis, proteins were transferred to 0.45 μm pore size nitrocellulose membranes (Amersham Protran, GE Healthcare) using a semi-dry blotting system (Bio-Rad, Trans-Blot Turbo). Membranes were blocked in 5% non-fat dry milk in Tris-buffered saline with 0.1% Tween-20 (TBST) for 1 hour at room temperature and incubated overnight at 4°C with the following primary antibodies diluted in 5% BSA/TBST: anti-Bax, anti-Bcl-2,Caspase-3 and Caspase-9, anti-HER2, anti-phospho-Akt and anti-phospho-ERK1/2, and anti–β-actin as a loading control. All antibodies were used at dilutions recommended by the manufacturer.
[bookmark: _GoBack]After three washes with TBST, membranes were incubated with horseradish peroxidase (HRP),conjugated anti-rabbit secondary antibodies (depending on the host species of the primary antibody) for 1 hour at room temperature. Protein bands were visualized using enhanced chemiluminescence detection reagents (SuperSignal West Femto Maximum Sensitivity Substrate, Thermo Scientific), and chemiluminescent signals were detected using a digital imaging system (ChemiDoc MP, Bio-Rad). Exposure times were optimized to avoid signal saturation. Densitometric analysis was performed using ImageJ software (National Institutes of Health, version 1.53), and band intensities were normalized to β-actin. All Western blot experiments were repeated in at least two biologically independent replicates to confirm reproducibility.
Clinical Cohort and Data Collection
A retrospective, multicenter cohort study was conducted including patients with HER2-positive mBC who received at least one dose of T-DXd. Patients were included if they had histologically confirmed HER2-positive (IHC 3+ or IHC 2+ with ISH amplification) mBC, documented administration of T-DXd, and available clinical follow-up data. Patients were stratified based on statin use at the time of T-DXd initiation. Statin use was defined as any concurrent statin therapy initiated prior to the first dose of T-DXd, regardless of agent, dose, or indication. All patients received T-DXd as monotherapy, and no concurrent systemic anticancer therapies were administered during T-DXd treatment. Demographic and clinical variables collected included age, sex, ECOG performance status, hormone receptor status, site and number of metastases, line of treatment for T-DXd, and prior exposure to HER2-targeted agents.
Statistical Anaylsis
For the preclinical arm, normality of data distribution was assessed using the Shapiro–Wilk test. For continuous variables such as tumor volume, protein expression levels, and proliferation indices, comparisons among multiple groups were performed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test for normally distributed data. When the assumption of normality was violated, the Kruskal–Wallis test followed by Dunn’s multiple comparisons test was used. Categorical variables, such as HER2 expression scores and tumor incidence, were compared using the chi-square or Fisher’s exact test as appropriate. Data were expressed as mean ± standard deviation (SD) or median with interquartile range (IQR), depending on distribution characteristics.
For the clinical arm, survival outcomes were estimated using the Kaplan–Meier method, and differences between groups (statin users vs. non-users) were evaluated using the log-rank test. PFS was defined as the time from the initiation of T-DXd to radiologically confirmed progression or death from any cause. OS was defined as the time from T-DXd initiation to death from any cause. Patients without events were censored at the last date of follow-up. The median follow-up duration was calculated using the reverse Kaplan–Meier method. Treatment responses to T-DXd were evaluated based on investigator-assessed imaging studies using RECIST version 1.1 criteria when available. The best overall response was categorized as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). The objective response rate (ORR) was defined as the proportion of patients who achieved either CR or PR. The disease control rate (DCR) included patients who achieved CR, PR, or SD.
To adjust for potential confounding factors, multivariable Cox proportional hazards models were constructed. Variables with clinical relevance or significant association in univariate analysis (p < 0.1) were included in the multivariate model, including age, ECOG performance status, hormone receptor status, number of prior treatment lines, and presence of comorbidities. Hazard ratios (HRs) with 95% confidence intervals (CIs) were reported for all time-to-event analyses. All statistical analyses were performed using SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism version 8.02 (GraphPad Software, San Diego, CA, USA). A two-sided p-value of less than 0.05 was considered statistically significant.
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