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Mammaographic Subcutaneous Fat Thickness
Reflects Systemic Adiposity Rather

Than Tumor Biology in Invasive Ductal
Carcinoma: A Retrospective Analysis

Burcu GUimustekin," @@ Emre Teke?

Abstract

Objective: Mammographic subcutaneous fat thickness (SFT) has been proposed as a spa-
tially specific surrogate of locoregional adiposity in breast cancer research. This study aimed to
evaluate the relationship between mammographically measured SFT and molecular subtypes,
Ki-67 proliferation index, hormone receptor expression, and key clinicopathological parame-
ters in patients with invasive ductal carcinoma (IDC).

Methods: This retrospective, cross-sectional, single-center study included 180 female patients
who underwent surgical treatment for IDC between October 2023 and January 2026. SFT was
measured from standard mammographic images. Molecular subtype classification followed
the St. Gallen 2013 Consensus criteria. Statistical analyses included Spearman correlation,
Kruskal-Wallis and Mann—-Whitney U tests, multivariable linear regression, and receiver oper-
ating characteristic (ROC) curve analysis.

Results: SFT showed no statistically significant correlation with Ki-67 (p=0.127, p=0.089),
tumor size, age, estrogen receptor (ER) percentage, or progesterone receptor (PR) percent-
age. SFT did not differ significantly across molecular subtypes, BI-RADS density categories,
histological grade, or lymph node status. In multivariable linear regression, body mass index
(BMI) was the sole independent predictor of SFT (=0.331, p<0.001; R2=0.110). BMI differed
significantly across molecular subtypes (p=0.024), with the triple-negative (TN) subtype asso-
ciated with significantly higher BMI than both Luminal A (p=0.021) and Luminal B (p=0.004).
A statistically significant linear trend was identified between increasing BI-RADS density cate-
gory and tumor biological aggressiveness (linear-by-linear association, p=0.046). The area un-
der the ROC curve (AUC) for SFT in predicting Ki-67=20% was 0.590 (95% ClI: 0.458-0.721,
p=0.192), and for BMI was 0.417 (95% CI: 0.287—-0.547, p=0.227); neither reached statistical
significance.

Conclusions: In IDC, mammographic SFT reflects systemic adiposity rather than tumor biol-
ogy and lacks clinically meaningful discriminatory power as an independent imaging biomarker.
The association between the triple-negative subtype and higher BMI supports the role of sys-
temic adiposity in subtype-specific tumor biology.
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mass index.
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Introduction

Breast cancer is the most frequently diagnosed cancer
in women worldwide, with an estimated 2.3 mil-
lion new cases reported in 2022, representing 11.6% of
all newly diagnosed malignancies."! Over the past two
decades, the clinical management of breast cancer has
shifted markedly toward a biology-driven approach.
Molecular subtype classification, based on the expres-
sion of estrogen receptor (ER), progesterone receptor
(PR), human epidermal growth factor receptor 2 (HER?2),
and Ki-67 proliferation index, now underpins treatment
selection, prognostic stratification, and follow-up plan-
ning.?? This immunohistochemical framework iden-
tifies four major subtypes — Luminal A, Luminal B,
HER2-enriched, and triple-negative (TN) — each with
distinct biological behavior and clinical outcomes."!

Mammography remains the cornerstone of breast cancer
screening and early detection. In addition to its diagnos-
tic role, mammographic imaging provides information
on breast tissue composition. Breast density, classified
according to the American College of Radiology (ACR)
Breast Imaging Reporting and Data System (BI-RADS), is
an established independent risk factor for breast cancer
development.™?!

Systemic adiposity, most commonly quantified by body
mass index (BMI), has been linked to breast cancer risk
and prognosis through multiple biological pathways,
including aromatase-mediated estrogen synthesis,
adipokine dysregulation, chronic low-grade inflamma-
tion, and insulin signaling. However, BMI reflects global
adiposity and does not directly account for the regional
distribution of adipose tissue within the breast. Mammo-
graphic subcutaneous fat thickness (SFT), measurable
from standard two-view mammography without addi-
tional cost or imaging, has been proposed as a potential
imaging-derived adiposity parameter that may reflect
locoregional fat distribution.!*!

An important conceptual distinction should be drawn
between subcutaneous adipose tissue — the super-
ficial fat layer of the breast wall that SFT measures —
and peritumoral adipose tissue, the cancer-associated
adipocyte compartment immediately surrounding the
tumor. These compartments differ in anatomical loca-
tion, metabolic activity, and biological proximity to the
tumor. Adipocytes within the tumor microenvironment
undergo cancer-associated reprogramming, including al-

tered leptin and adiponectin secretion, pro-inflammatory
cytokine release, and stromal remodeling."”! Whether a
measurement taken at the breast surface can reflect these
processes is an open question that motivated the present
study.

Despite interest in adiposity as a modulator of tumor bi-
ology, data on the association between mammographic
SFT and molecular subtype, hormone receptor expres-
sion, and Ki-67 remain limited.""'? Most published stud-
ies have focused on BMI or global mammographic den-
sity. The present study was designed to examine, in an
exploratory fashion, whether mammographically mea-
sured SFT is associated with molecular subtypes, Ki-67,
hormone receptor expression, and clinicopathological
parameters in a cohort of 180 patients with pathologi-
cally confirmed IDC, and whether it provides informa-
tion beyond what is captured by BMI alone.

Materials and Methods

Study Design and Ethics

This was a retrospective, cross-sectional, single-center
observational study conducted at a tertiary referral hos-
pital. The retrospective design was selected given the
availability of complete archival mammographic and
pathological data; its limitations, including potential
selection bias and the inability to establish causal rela-
tionships, are discussed below. The study protocol was
approved by the Non-Interventional Clinical Research
Ethics Committee of our institution (Approval Number:
432 /2026, Date: 06.02.2026) and was conducted in accor-
dance with the principles of the Declaration of Helsinki
and Good Clinical Practice guidelines. Individual patient
informed consent was waived given the retrospective
archival nature of the data.

Study Population

Female patients aged 40 years or older who underwent
surgical treatment for histopathologically confirmed IDC
between October 2023 and January 2026 were evaluated
for inclusion. Male patients were excluded owing to
anatomical and imaging differences that preclude valid
SFT measurement.

Inclusion criteria: (i) histopathologically confirmed IDC;
(ii) female sex, aged >40 years at the time of diagnosis;
(ili) availability of diagnostic mammographic images
suitable for BI-RADS density classification and SFT mea-
surement; (iv) complete pathology report including ER,
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PR, HER?2, Ki-67, and histological grade; (v) documented
ultrasonographic tumor size and BMI recorded in the
medical chart.

Exclusion criteria: (i) prior ipsilateral or contralateral
breast cancer; (ii) evaluation after neoadjuvant chemo-
therapy; (iii) insufficient image quality for reliable SFT
measurement; (iv) incomplete immunohistochemistry
precluding molecular subtype classification; (v) incon-
sistent or missing data in medical records.

Data Collection and Measurement Parameters

All data were collected from the hospital information
system (HIS), picture archiving and communication sys-
tem (PACS), and pathology information system by a sin-
gle investigator using a standardized protocol. BMI was
categorized according to WHO criteria as normal weight
(18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and
obese (=30.0 kg/m?).

SFT Measurement

SFT was measured from CC and MLO mammographic
views at three standardized anatomical points: (i) 2 cm
lateral to the nipple-areola complex; (ii) 45° superior to
this point; and (iii) 45° inferior to this point. The mean
of these three measurements was recorded as the SFT
value.l!! All measurements were performed by a sin-
gle investigator blinded to pathological results, using
measurement tools integrated in the institutional PACS
workstation.

Several measurement limitations merit acknowledgment.
Mammographic compression variability between exam-
inations may influence absolute SFT values, as compres-
sion force affects the apparent thickness of superficial
soft tissues; standardized protocols were employed, but
inter-examination variability cannot be fully excluded in
a retrospective dataset. SFT values derived from mam-
mography also represent a two-dimensional projection
of a three-dimensional tissue layer. Additionally, the sin-
gle-investigator design precludes formal inter-observer
reproducibility assessment, which is an acknowledged
limitation of mammographic fat measurement. These
factors should be considered when interpreting the abso-
lute SFT values reported here and when comparing them
with values derived using ultrasound or other modali-
ties.

Molecular Subtype Classification
Mammographic density was classified as Type A through
D according to the fifth edition of the ACR BI-RADS lex-
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icon.!” Histological grade was assigned using the mod-
ified Scarff-Bloom-Richardson (Nottingham) grading
system as described by Elston and Ellis, with scores of
3-5, 67, and 8-9 corresponding to Grades 1, 2, and 3,
respectively. ER and PR status and expression levels,
HER? status, Ki-67 proliferation index (%), and lymph
node involvement (NO-N3) were recorded from pathol-
ogy reports.

Molecular subtype assignment was performed accord-
ing to the St. Gallen 2013 Consensus criteria: Luminal A
(ER /PR-positive, HER2-negative, Ki-67<20%); Luminal
B/HER2-negative (ER/PR-positive, HER2-negative, Ki-
67 220% or PR-negative); HER2-enriched (ER-negative,
PR-negative, HER2-positive); and TN (ER-negative, PR-
negative, HER2-negative).

TN cases (n=20) were included in descriptive and sub-
group analyses. Given the limited subgroup size, find-
ings pertaining to TN patients should be interpreted
with caution.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
Normality was assessed using the Shapiro-Wilk test.
Normally distributed data are presented as mean =+ stan-
dard deviation (SD); non-normally distributed data as
median (interquartile range [IQR]). Relationships be-
tween SFT and continuous variables were assessed us-
ing Spearman rank correlation. Group comparisons were
performed using the Kruskal-Wallis test (three or more
groups) and the Mann-Whitney U test (two groups);
post-hoc pairwise comparisons with Bonferroni correc-
tion were applied where indicated. Categorical associa-
tions were examined using Pearson chi-square or Fisher
exact tests. Linear trend analysis was performed using
the linear-by-linear association test with Monte Carlo
simulation. Multivariable linear regression was used
to identify independent predictors of SFT. ROC curve
analysis was performed to assess discriminatory perfor-
mance for predicting high Ki-67 (=20%). The significance
threshold was set at p<0.05.

ROC analysis was included as a post-hoc exploratory
analysis to quantify the discriminatory capacity of SFT
and BMI for Ki-67 classification. It was not pre-specified
in the study protocol, and the resulting AUC values are
reported descriptively; they should not be interpreted as
defining a diagnostic threshold.
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Results

Patient Characteristics

The study included 180 female patients with IDC. Mean
age was 54.2£10.6 years. Median BMI was 29.0 kg/m?
(IQR 25.9-32.0), median SFT was 4.1 mm (IQR 3.1-5.1),
median tumor size was 2.2 cm (IQR 1.6-2.9), and median
Ki-67 was 10% (IQR 3-18). Among ER-positive cases
(n=141), median ER expression was 90% (IQR 82-97);
among PR-positive cases (n=137), median PR expression
was 80% (IQR 54-100). Full demographic, imaging, and
pathological characteristics are presented in Table 1.

Correlation Analysis

Spearman rank correlation analysis revealed no statis-
tically significant association between SFT and Ki-67
(0=0.127, p=0.089), tumor size (0=0.003, p=0.963), age

Table 1. Patient demographics and clinicopathological characteristics
(n=180)

Variable Value /n % | Format
Age (years) 54.2+10.6 Mean + SD
BMI (kg/m?) 29.0 (25.9-32.0) Median (IQR)
SFT (mm) 4.1(3.1-5.1) Median (IQR)
Tumor size (cm) 2.2 (1.6-2.9) Median (IQR)
Ki-67 (%) 10 (3—18) Median (IQR)
ER expression % (n=141) 90 (82-97) Median (IQR)
PR expression % (n=137) 80 (54-100) Median (IQR)
BI-RADS Density Category

Type A (almost entirely fatty) 8 4.4%

Type B (scattered fibroglandular) 67 37.2%

Type C (heterogeneously dense) 91 50.6%

Type D (extremely dense) 14 7.8%
Histological Grade

Grade 1 46 25.6%

Grade 2 106 58.9%

Grade 3 28 15.6%
Lymph Node Status

NO (node-negative) 55 30.6%

N1 101 56.1%

N2 19 10.6%

N3 5 2.8%
Molecular Subtype

Luminal A 68 37.8%

Luminal B 42 23.3%

HER2-enriched 50 27.8%

Triple-negative 20 11.1%

BMI: body mass index; SFT: subcutaneous fat thickness; ER: estrogen receptor;
PR: progesterone receptor; SD: standard deviation; IQR: interquartile range.
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(0=—0.076, p=0.312), ER expression (o=— 0.080, p=0.349),
or PR expression (o=— 0.167, p=0.051). A moderate and
statistically significant positive correlation was observed
between SFT and BMI (0=0.427, p<0.001).

Group Comparisons for SFT

Kruskal-Wallis analysis demonstrated no significant
difference in SFT across molecular subtypes (H=1.934,
p=0.586), BI-RADS density categories (H=3.220, p=0.359),
or histological grade groups (H=3.723, p=0.155). Simi-
larly, no significant difference in SFT was found between
node-positive and node-negative patients (Mann-Whit-
ney U=3093, p=0.285).

BMI and Molecular Subtypes

BMI did not correlate significantly with Ki-67 (o=— 0.036,
p=0.631), tumor size (o=— 0.047, p=0.535), age (0=0.030,
p=0.690), lymph node status (p=0.879), or histological
grade (p=0.827). However, BMI differed significantly
across molecular subtypes (H=9.440, p=0.024). Post-
hoc pairwise comparisons with Bonferroni correction
revealed that TN patients had significantly higher BMI
than both Luminal A (p=0.021) and Luminal B (p=0.004)
patients; no other subtype pairs reached significance. SFT
differed significantly across BMI categories (H=26.580,
p<0.001), with obese patients having higher SFT than
both normal-weight (p<0.001) and overweight patients
(p<0.001); the difference between normal-weight and
overweight groups did not reach significance (p=0.061).

BI-RADS Density and Molecular Subtypes

The overall association between BI-RADS density cat-
egories and molecular subtypes was not statistically
significant by Pearson chi-square test (x?>=11.97, df=9,
p=0.215) or Fisher—Freeman—Halton exact test (p=0.305).
Linear-by-linear association analysis, however, identi-
fied a statistically significant ordinal trend between in-
creasing mammographic density and a shift toward more
aggressive molecular subtypes (p=0.046), confirmed by
Monte Carlo one-sided probability estimation (p=0.027).
Subtype distribution across BI-RADS categories is pre-
sented in Table 2.

Multivariable Linear Regression

A multivariable linear regression model with SFT as
the dependent variable and age, BMI, tumor size, and
Ki-67 as independent variables was statistically signif-
icant overall (F=5.420, p<0.001, R?=0.110). BMI was the
sole statistically significant independent predictor of SFT
(standardized (=0.331, p<0.001). Age, tumor size, and
Ki-67 did not independently predict SFT (all p>0.05). Full
results are presented in Table 3.
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Table 2. BI-RADS density categories and molecular subtype distribution

Subtype BI-RADS A (n=8) BI-RADS B (n=67) BI-RADS C (n=91) BI-RADS D (n=14) Total
Luminal A 4 (50.0%) 26 (38.8%) 33 (36.3%) 5 (85.7%) 68
Luminal B 2 (25.0%) 16 (23.9%) 22 (24.2%) 2 (14.3%) 42
HER2-enriched 1(12.5%) 16 (23.9%) 28 (30.8%) 5 (35.7%) 50
Triple-negative 1 (12.5%) 9 (13.4%) 8 (8.8%) 2 (14.3%) 20
Table 3. Association of SFT and BMI with clinicopathological variables
Analysis Test Statistic Value p-value
SFT — Continuous Variable Correlations (Spearman)
SFT & BMI p 0.427 <0.001*
SFT & Ki-67 (%) p 0.127 0.089
SFT & Tumor size p 0.003 0.963
SFT & Age p -0.076 0.312
SFT & ER (%) p —-0.080 0.349
SFT & PR (%) p -0.167 0.051
SFT — Categorical Group Comparisons
SFT ~ Molecular subtypes Kruskal-Wallis H 1934 0.586
SFT ~ BI-RADS density Kruskal-Wallis H 3.220 0.359
SFT ~ Histological grade Kruskal-Wallis H 3.723 0.155
SFT ~ Lymph node metastasis Mann-Whitney U 3093 0.285
BMI — Categorical Group Comparisons
BMI ~ Molecular subtypes Kruskal-Wallis H 9.440 0.024*
Post-hoc: TN vs. Luminal A Bonferroni — 0.021*
Post-hoc: TN vs. Luminal B Bonferroni — 0.004*
BMI ~ Lymph node status Mann-Whitney U 3388.5 0.879
BMI ~ Histological grade Kruskal-Wallis H 0.380 0.827
Multivariable Linear Regression (Dependent: SFT)
Overall model — F statistic F test 5.420 <0.001*
Rz (variance explained) — 0.110 —
BMI (standardized ) Standardized B 0.331 <0.001*
Age Standardized n.s. >0.05
Tumor size Standardized B n.s. >0.05
Ki-67 (%) Standardized $ n.s. >0.05
p: Spearman correlation coefficient; §: standardized regression coefficient; TN: triple-negative; n.s.: not significant; “p < 0.05.
ROC Curve Analysis Discussion

ROC curve analysis was performed to evaluate dis-
criminatory performance of SFT and BMI for high Ki-67
(=20%). The AUC for SFT was 0.590 (95% confidence in-
terval [CI]: 0.458-0.721, p=0.192). BMI yielded an AUC
of 0.417 (95% CI: 0.287-0.547, p=0.227). Neither reached
statistical significance (Table 4; Fig. 1).

In this retrospective cohort of 180 patients with
histopathologically confirmed IDC, mammographic SFT
showed no statistically significant association with any
of the tumor-related parameters examined, including
molecular subtype, Ki-67 proliferation index, hormone
receptor expression, histological grade, or lymph node
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Table 4. ROC analysis — Predicting high Ki-67 (=20%)

Variable AUC Std. Error p-value 95% CI
SFT (mm) 0.590 0.067 0.192 0.458-0.721
BMI (kg/m?) 0.417 0.066 0.227 0.287-0.547

AUC: area under the curve; Cl: confidence interval; SFT: subcutaneous fat thickness; BMI: body mass index.

Figure 1. Receiver operating characteristic (ROC) curves for SFT and
BMI as predictors of high Ki-67 (=20%) in 180 patients with invasive
ductal carcinoma. SFT:AUC=0.590 (95% CI 0.458-0.721; p=0.192).
BMI:AUC=0.417 (95% CIl 0.287-0.547; p=0.227). Neither reached
statistical significance. The dashed diagonal represents chance-level
discrimination (AUC=0.500). AUC, area under the curve; BMI, body
mass index; Cl, confidence interval; IDC, invasive ductal carcinoma;
SFT, subcutaneous fat thickness. ROC analysis was conducted as a post-hoc,
exploratory step and was not pre-specified in the study protocol. The analysis
was used descriptively to quantify the absence of discriminatory capacity of SFT
and BMI for Ki-67 status; the resulting AUC values do not define a diagnostic
threshold. Results are consistent with the primary negative findings of the study.

status. In multivariable linear regression, BMI was the
sole independent predictor of SFT (=0.331, R?>=0.110),
with the overall model explaining approximately 11% of
the variance in SFT. These findings suggest that, within
this cohort, mammographic SFT may primarily reflect
systemic adiposity rather than locoregional adipose-tu-
mor interactions.

The Spearman correlation between SFT and Ki-67 was
positive but non-significant (0=0.127, p=0.089). This re-
sult differs from that of Wang et al.') whose series of
1,670 patients identified an SFT threshold of 8.65 mm
above which Ki-67 was significantly elevated (p=0.004).
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The discrepancy may reflect differences in population-
level adiposity and measurement modality. Our cohort
had a median SFT of 4.1 mm, substantially below that
threshold, and SFT was derived from mammography
rather than ultrasound. A threshold effect is plausible
— the relationship between fat accumulation and pro-
liferative activity may only become apparent above a
level of subcutaneous fat not reached within the range
of SFT values observed in this cohort. The positive di-
rection of the correlation is consistent with this interpre-
tation, though it falls well short of significance. Whether
the discrepancy reflects a population-specific threshold,
methodological differences, or both remains to be exam-
ined in larger, more adipose-diverse cohorts.

The concept of spatial mismatch is relevant to interpret-
ing these results. SFT, as measured mammographically,
measures the thickness of the superficial subcutaneous
fatlayer at fixed anatomical reference points on the breast
surface — a location anatomically remote from the tu-
mor and its surrounding stroma. This layer is separated
from the glandular parenchyma and deeper adipose
compartments by fascial planes and Cooper’s ligaments,
structures that traverse the breast and create bound-
aries between anatomically distinct fat compartments.
Cancer-associated adipocytes in the peritumoral com-
partment undergo metabolic reprogramming involving
altered adipokine secretion, enhanced lipolytic activity,
and direct lipid transfer to tumor cells — processes that
are unlikely to be reflected by measurements taken at the
superficial breast surface. Bocian-Jastrzebska et al.!'*! re-
ported that leptin’s pro-tumorigenic effects appear most
pronounced within the peritumoral compartment, where
local concentrations have been reported to substantially
exceed systemic levels. Adiponectin, conversely, appears
to be suppressed by cancer-associated adipocytes within
the immediate tumor microenvironment. These anatom-
ical and functional differences are consistent with the ab-
sence of a significant association between SFT and tumor
biology in this dataset, despite its correlation with global
adiposity.
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Analysis of BI-RADS density categories against molec-
ular subtype distribution showed no statistically signif-
icant categorical association (x2=11.97, p=0.215). This is
consistent with prior literature. Heusinger et al.!¥! in a
series of 1,975 cases, reported no significant relationship
between mammographic density and Ki-67 (p=0.31).
Bai et al.,™ in a pooled analysis of over 17,000 patients,
identified only a non-significant trend toward altered re-
ceptor profiles in denser breasts. These findings, taken
together, suggest that standard BI-RADS density catego-
rization has limited value for inferring tumor biological
phenotype; the system was developed for risk stratifica-
tion rather than molecular profiling.

Despite the non-significant chi-square result, the linear-
by-linear association test identified a statistically sig-
nificant ordinal gradient between increasing BI-RADS
density and a directional shift toward more aggressive
molecular subtypes (p=0.046; Monte Carlo one-sided
p=0.027). The two tests differ in what they assess: the
chi-square test examines group differences in any direc-
tion, while the linear-by-linear test captures a directional
gradient across ordered categories. The significance of
only the latter suggests that any relationship between
density and subtype distribution is incremental and di-
rectional rather than categorical. Razzaghi et al.’! noted
that BI-RADS categories failed to differentiate basal-like
from Luminal A subtypes, partly due to confounding
by menopausal status — a variable also unavailable in
our dataset. Eriksson et al."! proposed that density func-
tions as a subtype-independent risk factor rather than a
subtype classifier, a view supported at the meta-analytic
level by Antoni et al."”! Our ordinal trend finding is con-
sistent with this perspective and should be treated as hy-
pothesis-generating.

In our cohort, SFT was moderately correlated with BMI
(0=0.427, p<0.001), yet showed no significant associa-
tion with any tumor biological variable examined. This
pattern is consistent with SFT primarily reflecting the
systemic fat burden rather than the biological activity of
adipose tissue near the tumor. Soguel et al.¥! and Chu
et al.'! have similarly documented the structural depen-
dence of SFT on total body adiposity, and Masala et al.>!
observed a corresponding relationship between BMI and
non-dense breast volume in a large postmenopausal co-
hort. The regression model’s limited explanatory power
(R2=0.110) is also worth noting: nearly 90% of the vari-
ance in SFT was not explained by BMI, Ki-67, tumor size,
and age combined, suggesting that other factors — in-
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cluding menopausal status and individual breast com-
position — contribute substantially.”’ Future research
aiming to connect local adiposity to tumor biology may
need to employ modalities capable of directly measuring
peritumoral fat, such as dedicated breast magnetic res-
onance imaging (MRI) or computed tomography (CT)-
based tissue segmentation.

BMI was significantly higher in TN cases than in Lumi-
nal A (p=0.021) and Luminal B (p=0.004) patients. This
should be interpreted cautiously given the small TN
subgroup (n=20), but is consistent with existing evidence
linking elevated BMI to triple-negative breast cancer,
particularly in premenopausal women.?'?! Proposed
mechanisms include chronic inflammation, insulin resis-
tance, sex hormone dysregulation, and subtype-specific
signaling through JAK/STAT and PI3K/AKT/mTOR
pathways, alongside adipokine dysregulation and stro-
mal remodeling, though the relative contributions of
these pathways remain to be established. 2! The obser-
vation that BMI, rather than SFT, showed a significant
association with molecular subtypes in this dataset is
consistent with systemic adiposity — rather than locore-
gional mammographic fat distribution — being the more
relevant dimension of adiposity in this context.

ROC analysis was consistent with the absence of mean-
ingful discriminatory performance for either parame-
ter. SFT yielded an AUC of 0.590 (95% CI: 0.458-0.721,
p=0.192) for predicting Ki-67 >20%, and BMI an AUC of
0.417 (95% CI: 0.287-0.547, p=0.227); neither reached sig-
nificance. Within this cohort, these findings suggest that
SFT and BMI have limited discriminatory capacity for
Ki-67 status, and do not appear to offer a practical sur-
rogate for tissue-based proliferative assessment in this
cohort. This is consistent with guidance from the Interna-
tional Ki-67 in Breast Cancer Working Group,™ and with
observations by Yerushalmi et al.®!! and Bustreo et al.l*?
regarding the limitations of non-tissue Ki-67 surrogates.

The absence of significant associations between SFT and
tumor biology, given the anatomical considerations dis-
cussed above, remains informative. Studies reporting
negative associations with imaging-derived parameters
may help clarify the interpretive scope of those measure-
ments and avoid overinterpretation in research contexts.
Within the context of this dataset, the current data do not
support treating SFT as a surrogate measure for tumor
biological characteristics in IDC, though its potential
utility in epidemiological studies of systemic adiposity
and breast cancer risk is not excluded.
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Limitations

Several limitations of this study should be acknowl-
edged. First, the retrospective, single-center design intro-
duces inherent selection bias; patients meeting inclusion
criteria may differ systematically from those who did
not, and unmeasured confounders cannot be excluded.
Second, the overall sample of 180 patients may be suf-
ficient for the primary analyses, but limits the strength
of subgroup inferences, particularly for the TN group
(n=20); BMI findings in this subgroup should be regarded
as exploratory. Third, menopausal status data were un-
available, which is a meaningful gap given the influence
of menopausal status on adipose tissue distribution, aro-
matase activity, adipokine profiles, and mammographic
density. Fourth, mammographic compression variability
introduces uncertainty in absolute SFT values; standard-
ized protocols were used, but inter-examination variabil-
ity cannot be fully eliminated in a retrospective dataset.
Fifth, the single-investigator design precludes formal
inter-observer reliability analysis. Sixth, peritumoral
adipose tissue was not directly assessed, which would
be required to fully characterize tumor-fat interactions.
Seventh, the cross-sectional design precludes causal in-
ference. Prospective studies with peritumoral fat mea-
surement, menopausal stratification, and multi-center
design are needed to address these limitations.

Conclusion

In this cohort of 180 patients with IDC, mammographic
SFT showed no significant association with any tumor
biological parameter examined, including molecular
subtype, Ki-67, hormone receptor expression, histologi-
cal grade, or lymph node status. BMI was the sole predic-
tor of SFT in multivariable analysis. The TN subtype was
associated with significantly higher BMI than Luminal A
and Luminal B subtypes, a finding consistent with prior
literature but in need of confirmation in larger cohorts.
A statistically significant ordinal trend between increas-
ing BI-RADS density and molecular subtype distribution
was also observed.

Taken together, these results suggest that mammo-
graphic SFT may reflect systemic adiposity rather than
local tumor biology in IDC. Within the limitations of this
retrospective cohort, the present findings do not support
its use as a surrogate imaging measure for characteriz-
ing tumor biology or Ki-67 status. Reporting the absence
of these associations may contribute to defining the ap-
propriate scope of mammographic fat measurements in
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observational research. Future prospective studies with
direct peritumoral fat assessment, menopausal stratifica-
tion, and multi-center validation would help clarify the
role of local adiposity in breast tumor biology.
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