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ABSTRACT

Background: Phosphoinositide 3-kinase (PI3K) pathway, involved in obesity-related signalling, may influence
efficacy and toxicity of PI3K inhibitors (PI3Ki). We explored associations between body mass index (BMI) and
objective response rate (ORR), safety, molecular features, and breast density in the LORELEI trial.

Methods: LORELEI (NCT02273973) was a randomized trial evaluating neoadjuvant PI3Ki taselisib plus letrozole
vs placebo plus letrozole in patients with estrogen receptor-positive/HER2-negative early breast cancer. Patients
were classified as normal weight (BMI 18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), or obese (>30 kg/m?).
Logistic regression tested BMI by treatment arm, adverse events were analysed descriptively by BMI category.
Immune composition and gene expression profiles were evaluated by RNA sequencing.

Results: Of 329 patients, 98 (29.8%) were classified as normal weight, 125 (38%) as overweight, and 106 (32.2%)
as obese. In the placebo arm, higher BMI was associated with lower ORR [odds ratio (OR) 0.90, 95% CI
0.83-0.971; no association was observed in the taselisib arm [OR 1.03, 95% CI 0.96-1.11; interaction p = 0.007
(unadjusted), p = 0.013 (adjusted)]. In patients with obesity the incidence of hyperglycaemia and diarrhoea was
15.1% and 24.5%, respectively. Higher levels of pS6, a downstream effector of the PI3K pathway, were asso-
ciated with increased ORR in patients with obesity in the placebo arm (interaction p = 0.011). Patients with
obesity had lower baseline breast density (p < 0.001), not associated with ORR. Obesity was associated with
increased IL6 expression, immune cell infiltration, and fatty acid metabolism signature.

Conclusions: Obesity was associated with lower ORR with letrozole alone, whereas this association was not
observed in patients treated with taselisib.
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1. Introduction

Obesity is a multifactorial condition characterized by excess of
adiposity and it is generally assessed and staged using the body mass
index (BMI) [1]. In postmenopausal woman, excess adiposity has been
linked to an increased risk of developing estrogen receptor (ER)-positive
breast cancer, as well as increased risk of recurrence and poorer survival
outcome [2-4]. A number of mechanisms link obesity with ER-positive
breast cancer including the increased estrogen synthesis due to the
higher expression and activity of the aromatase enzymes in the adipose
tissue which may lead to higher exposure to estrogens. Moreover,
obesity is associated with a chronic inflammatory state and increased
leptin levels. These factors may promote the activation of signaling
pathways such as mitogen-activated protein kinase/extracellular
signal-regulated kinase (MAPK/ERK) and phosphoinositide 3-kinase/-
protein kinase B (PI3K/AKT) pathways [5]. Given the role of PI3K
signaling pathway in the pathophysiology of obesity [6,7], PI3K in-
hibitors have been proposed as a potential therapeutic strategy for
obesity and related metabolic disorders [8].

The PI3K/AKT/mTOR pathway is frequently deregulated in ER-
positive breast cancer, with nearly 40% of the tumours exhibiting
PIK3CA mutation [9]. Because this pathway is central to metabolic
regulation, the effectiveness and toxicity profile of PI3K inhibitors might
be influenced by metabolic alterations commonly observed in patients
with obesity [10].

Taselisib is a p-sparing PI3K inhibitor that selectively spares PI3Kp
while inhibiting the a, y, and & isoforms [11]. In combination with
endocrine therapy, it showed clinical activity in pretreated metastatic
ER-positive breast cancer [12]. The phase II, LORELEI trial randomly
allocated 334 postmenopausal women with stage I-III, ER-positive
HER2-negative breast cancer to receive 4 months of neoadjuvant letro-
zole plus taselisib or placebo, regardless of PIK3CA mutation status.
After a median follow-up of 4.9 months, the study met one of its
co-primary endpoints and showed that the addition of taselisib to
letrozole significantly increased the proportion of patients with an
objective response [Odds ratio (OR) 1.55; 95% CI 1.00-2.38, p = 0.049]
while no statistically significant difference was observed on pathological
complete response (pCR) rates (only 4 pCR cases in total) [13].

Herewith, we performed an exploratory analysis of the LORELEI trial
to evaluate the association between BMI and treatment efficacy in pa-
tients with ER-positive HER2-negative early breast cancer treated with
neoadjuvant letrozole with or without taselisib. Within this exploratory
framework, we also evaluated the relationship between BMI and safety,
molecular features, and breast density.

2. Methods
2.1. Data source and patient population

This is an exploratory, unplanned, analysis of the previously reported
LORELEI trial [13]. Briefly, LORELEI was a randomized, double-blind,
phase II trial evaluating the efficacy and safety of neoadjuvant treat-
ment with taselisib and letrozole in patients with ER-positive, HER2--
negative early breast cancer. The institutional review board at each
participating site approved the study protocol. All patients provided
written informed consent prior to inclusion.

Height and weight were collected at baseline and BMI was calculated
by dividing weight by height squared (kg/m?). For the purpose of this
analysis, patients enrolled were categorized as underweight
(BMI<18.5 kg/mz), normal weight (BMI 18.5-24.9 kg/mz), overweight
(BMI 25-29.9 kg/mz), or obese (BMI>30 kg/mz) as per World Health
Organization (WHO) definition [14]. Patients without the necessary
information to calculate BMI (n = 2) and underweight patients (n = 3)
were excluded from the analyses as the number was too small to allow
meaningful interpretation.
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2.2. Objectives

The primary objective of this analysis was to evaluate the association
between BMI and ORR, in all randomized patients and in those with
PIK3CA-mutant tumours. ORR was one of the co-primary endopoint of
the study and was defined as the percentage of patients with complete or
partial responses, measured by centrally assessed magnetic resonance
imaging (MRI) via modified RECIST version 1.1 criteria [13]. Secondary
objectives were to evaluate the association between BMI and
treatment-emergent adverse events (TEAEs); baseline phospoproteins
expression (pS6, pAKT, pRAS40); stromal tumour-infiltrating lympho-
cytes (TILs); PTEN protein loss; and changes to Ki67 from baseline to 3
weeks. Additionally, obesity- and immune-related genes, as well as
baseline breast adiposity measured by MRI, were analyzed in relation to
BMI and treatment response.

2.3. Statistical analysis

Patient baseline characteristics were described using frequency and
compared with respect to BMI category using the chi-square test;
continuous variables were reported using medians and interquartile
ranges and differences were tested using the Kruskal Wallis test. For the
primary objective, ORs derived from univariable logistic regression
models for objective response were calculated by comparing BMI either
as a categorical or as a continuous variable. An interaction term was
added when testing for treatment arm heterogeneity. Furthermore, a
multivariable logistic regression model with adjustment for relevant
clinical and pathological variables (grading, ECOG performance status,
staging and age) was derived to assess if BMI was independently asso-
ciated with outcome.

The association between BMI and TEAEs was analyzed by BMI
category using descriptive statistics, no formal statistical comparisons or
hypothesis testing were performed, as the analysis was intended to be
purely descriptive. Baseline phosphoprotein (pS6, pAKT, pRAS40) and
PTEN expression were assessed by immunohistochemistry. For the as-
sociation with biomarkers, phosphoprotein expressions were assessed as
continuous variables; PTEN status was categorized as intact, homoge-
neous loss, or heterogeneous loss; TILs and Ki67 were analyzed both as a
continuous variable (%). Logistic regression models with and without
interaction term were used to assess association with ORR.

RNA-sequencing was performed in pre-treatment tumour sample in
251 patients enrolled in LORELEI (75.1%). Tumour immune and stromal
infiltration was estimated using two gene signature-based methods.
MCP-counter relies on marker genes characteristic of specific cell types.
QuanTIseq deconvolves bulk expression data to estimate absolute im-
mune cell fractions. Both tools were applied to TPM-normalized (not
log-transformed) RNA-seq data using the immunedeconv R package
(v2.1.0). QuanTIseq estimated 9 immune cell types (CD8 + T cells,
Tregs, NK cells, B cells, monocytes, myeloid dendritic cells, neutrophils,
M1 and M2 macrophages), while MCP-counter profiled 10 immune
populations (including CD8 + T cells, cytotoxic lymphocytes) and 2
stromal populations (cancer-associated fibroblasts and endothelial
cells). Raw counts were normalized using the VarianceStabilizing-
Transformation function from the DESeq2 package (v1.36.0). Differen-
tial expression analysis was performed using DESeq2 (v1.40.2) on
transcript-level quantifications from salmon (v1.1.1) [15]. Genes with
|log2FC= >0.5 and FDR< 0.05 (Benjamini-Hochberg) were considered
significantly differentially expressed. Gene set enrichment analysis
(GSEA) was conducted with fgsea (v1.26.0), ranking genes by sign
[log2FC] x -logl10(P). Forty-three hallmark pathways were analyzed;
seven unrelated to breast cancer were excluded. Wilcoxon tests were
used for comparisons (P < 0.05).

Breast density was assessed on baseline MRI according to the Breast
Imaging Reporting and Data System (BI-RADS), 5th edition, classifying
tissue composition into almost entirely fatty, scattered fibroglandular
tissue, heterogeneous fibroglandular tissue, and extreme fibroglandular
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tissue. Descriptive statistics were performed to evaluate the distribution
of fibroglandular tissue types across BMI categories at baseline and at
week 16. Differences in distribution across BMI categories were tested
using the chi-square test. To assess the association between fibro-
glandular tissue type and ORR, univariable logistic regression models
were applied.

All statistical analyses were carried out with SAS version 9.4 and R. P
values < 0.05 were considered statistically significant. All analyses were
considered exploratory in nature, and therefore no multiple testing
correction was performed.

3. Results
3.1. Patient characteristics and demographics

Of 334 patients included in the LORELEI trial, 3 patients were
excluded as they were underweight and 2 due to missing weight data,
leaving 329 patients evaluable in this analysis (Supplementary
Figure 1). Among them, 98 patients (29.8%) were classified as normal
weight, 125 (38%) as overweight and 106 (32.2%) as obese. The base-
line patients and tumour characteristics according to BMI categories are
presented in Table 1. At baseline, a higher BMI category was associated
with a worse ECOG performance status (p = 0.01). No other significant
differences were observed in the analysed baseline patient or tumour
characteristics across BMI categories.

3.2. Objective response rate in all patients and in patients with PIK3CA-
mutant tumours

In the total cohort with evaluable MRI (N = 309), there was no ev-
idence of a statistically significant association of continuous BMI with
ORR (OR 0.97, 95% CI 0.92-1.01; p = 0.168), nor for BMI categories
(p =0.102). The ORR was 47.8% in patients with normal weight, 54.7%
in patients who were overweight, and 40.2% in patients with obesity
(Table 2).

In patients with PIK3CA-mutant tumours (N = 141), patients with
higher BMI showed lower ORR although this did not reach statistical
significance (OR 0.93, 95% CI 0.86-1.00; p = 0.055). Similar outcomes
were observed for BMI categories (p = 0.078) (Supplementary Table 1).

3.3. Objective response rate by treatment arm

In the analysis by treatment arm, a significant interaction between
BMI and treatment arm was observed. In the placebo plus letrozole arm,
higher BMI as continuous variable was significantly associated with
lower ORR (OR 0.90, 95% CI 0.83-0.97), whereas no association with
BMI was observed in the taselisib plus letrozole arm (OR 1.03, 95% CI
0.96-1.11), interaction p = 0.007 (Table 3). This interaction remained
significant after adjustment for relevant clinical factors (i.e., tumour
grade, ECOG performance status, disease stage, and age) (interaction
p = 0.013). Similar patterns were observed when considering only the
PIK3CA-mutant cohort (Supplementary Table 2).

Considering BMI as a categorical variable, patients with obesity in
the placebo plus letrozole arm had significantly lower ORR compared to
patients with normal weight (26% vs 50%; OR 0.35, 95% CI 0.15-0.81).
In contrast, in the taselisib plus letrozole arm no differences in ORR
across BMI categories were observed (normal weight 45.0%, overweight
59.0%, obese 53.8%) (Table 3). Figure 1 shows the probability of
objective response by BMI category. In the placebo arm, increasing BMI
is associated with a decreasing probability of response, whereas in the
taselisib arm, higher BMI appears to be associated with higher proba-
bility of response.

3.4. Treatment-emergent adverse events by BMI categories

The TEAEs according to BMI categories are reported in
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Table 1
Baseline characteristics and demographics of patients in the study population
according to BMI categories.

Covariate Normal Overweight n Obese P-
n=98 =125 n=106 value®)
Age 0.162
N 98 125 106
Mean (SD) 63.7 (8.7) 64.3 (8.7) 65.8 (8.4)
Median (Q1-Q3) 62.0 63.0 65.5
(58.0-70.0) (59.0-71.0) (59.0-73.0)

Min - Max 45.0-82.0 41.0-83.0 44.0-84.0
Race 0.721
White 81 (82.7%) 108 (86.4%) 90 (84.9%)
American Indian or 6 (6.1%) 7 (5.6%) 9 (8.5%)

Alaska Native
Asian 5 (5.1%) 5 (4.0%) 1 (0.9%)
Other race 3(3.1%) 4 (3.2%) 3(2.8%)
Black or African 3 (3.1%) 1 (0.8%) 2 (1.9%)

American
Missing 0 0 1 (0.9%)
Ethnicity 0.468
Not Hispanic or 72 (73.5%) 84 (67.2%) 62 (58.5%)

Latino

Hispanic or Latino 19 (19.4%) 32 (25.6%) 33 (31.1%)

Not reported 6 (6.1%) 8 (6.4%) 9 (8.5%)
Unknown 1 (1.0%) 1 (0.8%) 2 (1.9%)
ECOG 0.010
0 93 (94.9%) 110 (88.0%) 86 (81.1%)
1 5 (5.1%) 14 (11.2%) 20 (18.9%)
Missing 0 1 (0.8%) 0
Estrogen Allred 0.269
score
0-2 2 (2.0%) 0 1 (0.9%)
3-8 90 (91.8%) 120 (96.0%) 104 (98.1%)
Missing 6 (6.1%) 5 (4.0%) 1 (0.9%)
Progesterone Allred 0.969
score
0-2 9 (9.2%) 11 (8.8%) 9 (8.5%)
3-8 83 (84.7%) 107 (85.6%) 94 (88.7%)
Missing 6 (6.1%) 7 (5.6%) 3 (2.8%)
Ki67 (%) 0.992
N 90 116 96
Mean (SD) 21.5 (14.9) 22.3 (17.0) 23.1 (18.2)
Median (Q1-Q3) 17.5 18.0 17.0
(10.0-30.0) (11.0-27.0) (10.0-30.0)
Min - Max 1.0-70.0 1.0-90.0 2.0-80.0
T-stage 0.232
T1 7 (7.1%) 5 (4.0%) 5 (4.7%)
T2 79 (80.6%) 103 (82.4%) 76 (71.7%)
T3 11 (11.2%) 17 (13.6%) 24 (22.6%)
T4 1 (1.0%) 0 1 (0.9%)
N-stage” 0.523
NO 68 (69.4%) 81 (64.8%) 64 (60.4%)
N1 25 (25.5%) 39 (31.2%) 38 (35.8%)
N2 5 (5.1%) 5 (4.0%) 3(2.8%)
N3 0 0 1 (0.9%)
M-stage
MO 98 (100.0%) 125 (100.0%) 106
(100.0%)
Histological grading 0.155
G1 10 (10.2%) 20 (16.0%) 24 (22.6%)
G2 70 (71.4%) 76 (60.8%) 59 (55.7%)
G3 7 (7.1%) 17 (13.6%) 10 (9.4%)
GX 8 (8.2%) 11 (8.8%) 8 (7.5%)
Missing 3(3.1%) 1 (0.8%) 5 (4.7%)
Anatomical staging 0.644
Stage I 5 (5.1%) 2 (1.6%) 3 (2.8%)
Stage II 83 (84.7%) 112 (89.6%) 93 (87.7%)
Stage III 10 (10.2%) 11 (8.8%) 10 (9.4%)

@ Chi-square or Kruskal Wallis test (not including the missing category in
testing)

b Nodal status was assessed by axillary ultrasound, with suspicious findings
confirmed by cytology or biopsy.
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Table 2
Association Between BMI and Objective Response Rate.

Covariate N Events  Events /N Odds Ratio(95% P-
CD value
BMI 309 148 0.97 (0.92-1.01) 0.168
(continuous)
BMI 309 148 148 / 309 0.102
(categorical) (47.9%)
normal 90 43 43 /90 1
(47.8%)
overweight 117 64 64 /117 1.32 (0.76-2.29)
(54.7%)
obese 102 41 41 /102 0.73 (0.41-1.30)
(40.2%)

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval.

Supplementary Table 3. In the entire cohort, diarrhoea was among the
most frequently reported TEAEs, with a prevalence of 17.3% in patients
with normal weight, 22.4% in patients with overweight, and 24.5% in
those with obesity. Fatigue was reported in 24.5% of patients with
normal weight, 23.2% of patients with overweight, and 17.0% of those
with obesity. Hyperglycaemia was observed in 8.2% of patients with

Table 3

Association Between BMI and Objective Response Rate Within Each Treatment Arm.
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normal weight, 9.6% of those who were overweight, and 15.1% of pa-
tients with obesity; grade 3 events were observed only in patients who
were overweight (0.8%) and with obesity (0.9%). Hypertension was
reported in 5.1% of patients with normal weight, 5.6% of patients with
overweight, and 8.5% of those with obesity.

3.5. Association between BMI, biomarkers, and treatment response

In the entire cohort, PTEN levels were not significantly associated
with ORR, nor was there a significant interaction between PTEN and
BMI.

Values of Ki67, at baseline and at week 3, were similar across BMI
categories, and no significant association was found with ORR, nor
interaction with BMI.

TILs levels, at baseline, at week 3 and at surgery, were similar across
BMI categories, with no significant association with ORR, nor interac-
tion with BMI.

Baseline levels of pPRAS40 and pAKT were similar across BMI cat-
egories, with no significant association with ORR, and no interaction
with BMIL

For pS6, baseline, week 3 and surgery levels were slightly higher in

Alternative categoryEvents / N

Reference categoryEvents / N Odds Ratio(95% CI) InteractionP-value

Subgroup Covariate N Events

Arm BMI (continuous) 309 148 0.007
Taselisib BMI (continuous) 153 82 1.03 (0.96-1.11)

Placebo BMI (continuous) 156 66 0.90 (0.83-0.97)

Arm BMI (categorical) 309 148 0.064
Taselisib overweight vs normal 153 82 36 / 61 (59.0%) 18 / 40 (45.0%) 1.76 (0.79-3.94)

Taselisib obese vs normal 153 82 28 / 52 (53.8%) 18 / 40 (45.0%) 1.43 (0.62-3.26)

Placebo overweight vs normal 156 66 28 / 56 (50.0%) 25 / 50 (50.0%) 1.00 (0.47-2.14)

Placebo obese vs normal 156 66 13 / 50 (26.0%) 25 / 50 (50.0%) 0.35 (0.15-0.81)

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval.
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Fig. 1. Probability of Objective Response plot by BMI levels, Abbreviations: BMI, Body Mass Index.
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patients with normal weight, though not significantly (p = 0.094).
However, pS6 showed a significant interaction with BMI in predicting
ORR (p = 0.041) (Fig. 2). In the placebo plus letrozole arm, the signif-
icant interaction with BMI was confirmed (interaction p = 0.010),
whereas no such interaction was observed in the taselisib plus letrozole
arm (p = 0.855) (Supplementary Figure 2).

3.6. Obesity-related gene aberrations

Combined data for both BMI and RNA-seq at baseline were available
for a total of 180 patients. Tumour samples of patients with obesity were
enriched in CD8 + T cells by MCP-counter and QuanTIseq (unadjusted
P-value=0.001 and 0.041 compared to patients who were overweight
and with normal weight in MCP-counter and unadjusted P-value=0.039
compared to patients who were overweight in QuanTIseq)
(Supplementary Figure 3a-3b). Moreover, T regulatory cells, NK cells,
and cytotoxic T cells were increased in tumour samples from patients
with obesity compared to patients who were overweight (unadjusted P-
value=0.002, 0.009 and <0.001, respectively) (Supplementary
Figure 3a-b). Additionally, whereas an enrichment in macrophages
and monocytes was observed in patients with obesity compared to pa-
tients who were overweight using MCP-counter, this was not confirmed
in QuanTIseq. Higher levels of Interleukin 6 Cytokine Family Signal
Transducer (IL6ST) (Supplementary Figure 4) as well as an enrichment
in immune-related pathways (interferon gamma and alpha, allograft
rejection, inflammatory response, IL6 JAK-STAT3 signaling), pathways
associated with proliferation (G2M checkpoint, MYC target) but also in
mTORCI signaling were found in patients with obesity (Supplementary
Figure 5).

3.7. Breast density

The distribution of breast density assessed by MRI across BMI cate-
gories at screening and week 16 is reported in Supplementary Table 4. At
screening, breast density was significantly different across BMI cate-
gories (p < 0.001). Specifically, patients with normal weight had a
higher proportion of heterogeneous fibroglandular tissue (64.3%),
compared to patients with obesity (50.0%). Conversely, scattered
fibroglandular tissue was more frequent in patients with obesity (45.3%)
compared to patients with overweight (29.6%) and with normal weight
(20.4%). Extreme fibroglandular tissue was rare across all categories
(normal 8.2%, overweight 0.8%, obese 1.9%). At week 16, the distri-
bution remained consistent with baseline, with higher scattered

A
300 Q
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260
240
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60
40
20
0

Week3
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Screening Surgery

BMI categories M normal M overweight M obese
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fibroglandular tissue prevalence in patients with obesity (46.2%)
compared to patients who were overweight (30.4%) and with normal
weight (18.4%) (p < 0.001). No significant associations were observed
between breast density and ORR across BMI categories (Supplementary
Table 5).

4. Discussion

In this exploratory analysis of LORELEI trial, obesity was associated
with lower ORR in patients with ER-positive HER2-negative early breast
cancer treated with neoadjuvant letrozole alone, whereas no clear as-
sociation with BMI was observed in patients treated with taselisib plus
letrozole.

Aromatase inhibitors are widely used in patients with ER-positive
breast cancer, acting by inhibiting aromatase, highly expressed in adi-
pose tissue, and blocking the peripheral androgen-to-estrogen conver-
sion. In our analysis, in the overall cohort, there was no association
between BMI and ORR. However, when ORR was evaluated by treat-
ment arm, higher BMI was associated with lower ORR in patients treated
only with letrozole, while no such association was found for those pa-
tients treated with the addition of taselisib. This likely explains why no
significant association between BMI and ORR was observed in the entire
cohort. This observation may suggest that patients with higher BMI
could experience reduced sensitivity to aromatase inhibitor alone and it
is in line with previous studies showing that excess adiposity causes an
increased expression and activity of the aromatase, potentially reducing
the effectiveness of aromatase inhibitors [16,17]. The lack of association
between BMI and ORR in the taselisib arm suggests that the addition of a
PI3K inhibitor may attenuate or modify the relationship between BMI
and treatment response, representing a novel observation to date that
warrants further investigation.

The PI3K pathway and cellular metabolism are closely linked.
Obesity is associated with increased activation of the PI3K/AKT/mTOR
pathway, driven by insulin resistance, hyperinsulinemia, and chronic
low-grade inflammation [18,19]. These factors can lead to higher de-
pendency on PI3K pathway in tumour cells, particularly in ER-positive
breast cancer. In this context, differences in response associated with
BMI may reflect a potential interaction between metabolic status and
treatment efficacy. However, given the exploratory nature of this anal-
ysis, no definitive conclusions can be drawn regarding a predictive role
of obesity-related PI3K signaling.

Crosstalk between ER signaling and the PI3K pathway occurs
directly, through PI3K-driven ER-independent transcription and cell
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Fig. 2. pS6 Levels Across BMI Categories and Probability of Objective Response by Baseline pS6 and BMI, A: pS6 levels at screening, week 3, and surgery shown
across BMI categories., B: Probability of objective response increases with higher baseline pS6 levels in patients with obesity, while the opposite trend is observed in
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proliferation, and indirectly, as ER signaling upregulates components of
the PI3K pathway [19]. In this regard, pS6, a downstream effector of the
PI3K pathway, is considered a surrogate marker of pathway activation
[20]. While some studies showed a correlation between higher levels of
pS6 and worse prognosis in ER-positive breast cancer, its predictive role
remains unclear [20]. Nonetheless, pS6 has been proposed as predictive
marker of endocrine resistance [21]. In our analysis, among patients
with obesity treated with letrozole plus placebo, higher pS6 levels were
associated with better ORR compared to patients with obesity with
lower pS6 while no such association was found in those treated with the
addition of taselisib. This finding suggests that, in the context of obesity,
PI3K pathway activation may not necessarily imply endocrine resistance
and could reflect an altered tumour biology. Moreover, higher levels of
pS6 within a population that generally shows reduced sensitivity to
endocrine therapy, might help identify a subgroup of patients with
obesity patients more likely to benefit from aromatase inhibition alone.
However, further validation is needed to confirm the potential predic-
tive role.

The characteristic toxicity profile of PI3K inhibitors is mainly the
result of the on-target disruption of insulin signaling [18]. In our anal-
ysis, gastrointestinal toxicity and hyperglycemia were among the most
common TEAEs, with numerically higher rates observed in patients with
obesity and overweight. Hyperglycemia is one of the most common
on-target adverse events associated with PI3K inhibitors, and
pre-existing obesity and diabetes are well-known risk factors for its
occurrence [22]. Obesity is a risk factor for the development and pro-
gression of type 2 diabetes [23] and on the other hand, type two diabetes
can exacerbate obesity, for example through the use of glucose-lowering
drugs that promote weight gain [24]. Excess adiposity, particularly the
visceral one, may worsen insulin resistance, which play a critical role in
the occurrence of type 2 diabetes. In SOLAR—1, evaluating the addition
of alpelisib to fulvestrant in patients with metastatic breast cancer, a
higher proportion of patients with overweight and obesity experienced
hyperglycemia compared to patients with normal weight [25]. Although
obesity is an established risk factor for the occurrence of hyperglycemia,
our analysis did not account for other comorbidities that might have
influenced and increased its risk.

Patients with obesity present a unique tumour microenvironment
landscape. During weight gain, adipocytes progressively store lipids,
becoming hypertrophic and eventually dying. This event causes the
rupture of adipocyte membranes and the consequent release of cellular
contents, leading to a pro-inflammatory state [26]. This inflammatory
environment is largely driven by the recruitment of pro-inflammatory
M1 macrophages and the consequent release of pro-inflammatory cy-
tokines such as IL—6 and TNF [27]. Inflammatory T cells further
contribute to this obesity-related metabolic dysfunction, promoting M1
macrophage polarization by the secretion of pro-inflammatory cyto-
kines. In our analysis, gene expression profiling revealed different mo-
lecular features in patients with obesity, suggesting an increased
inflammatory response, in line with previous studies.

In postmenopausal women, higher BMI is associated with an increase
in fat tissue in the breast and a consequently decrease in breast density
[28]. The breast microenvironment, influenced by variations in fibro-
glandular and adipose tissue proportion, may play a role in treatment
response. The available evidence about the association between breast
density and response to neoadjuvant treatment, particularly neo-
adjuvant chemotherapy, is controversial [29,30]. While several mech-
anisms have been proposed, no clear biological explanation has been
proposed for the potential differences in response to neoadjuvant
chemotherapy. To the best of our knowledge, no studies have evaluated
the impact of breast density in the context of PI3K inhibition. In our
study, although breast adiposity distribution varied across BMI cate-
gories, no significant association with ORR was observed. However, the
sample size for breast density subgroups was limited, and further
research is needed to elucidate the underlying biological mechanisms.

This study has some limitations that should be acknowledged. First,
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this was an unplanned, exploratory analysis, therefore the findings
should be interpreted with caution. Second, although BMI is widely used
as a surrogate for obesity staging, it does not capture the complexity of
obesity, which would require a more comprehensive assessment.
Moreover, the analysis lacked detailed data on comorbidities and
concomitant medications. Conditions such as diabetes, and the use of
drugs like metformin, corticosteroids, or statins, may influence the
PI3K/AKT/mTOR pathway and potentially affect both treatment effi-
cacy and toxicity. Moreover, the duration of neoadjuvant treatment was
limited to 4 months, whereas more recent recommendations support a 6-
month course.

5. Conclusion

In conclusion, in patients with ER-positive HER2-negative early
breast cancer, obesity was associated with lower response to neo-
adjuvant letrozole monotherapy, while no clear association between
BMI and ORR was observed in patients treated with the addition of
taselisib. Higher baseline PI3K activation was associated with better
response to letrozole alone specifically in patients with obesity. Obesity
was also associated with distinct tumour microenvironment features at
baseline. These findings highlight potential differences in response to
endocrine therapy and PI3K inhibitors according to BMI suggesting that
the risk of potential undertreatment in patients with higher BMI war-
rants consideration and support further investigation into the interac-
tion between metabolic status and treatment efficacy.
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