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Purpose: Although Body Mass Index (BMI) has been reported to influence breast Received 23 May 2025
cancer prognosis, recent evidence challenges the traditional conclusion that high BMI Accepted 24 November

consistently predicts poor prognosis. The aim of this study was to determine the impact 2025

of BMI on the efficacy of CDK4/6 inhibitors in patients with metastatic hormone KEYWORDS

receptor (HR)-positive breast cancer (BC). Body mass index; breast
Methods: We performed a retrospective chart review of all female patients with cancer; CDK4/6 inhibitors;
metastatic HR-positive BC on a CDK4/6 inhibitor in first- or late-line settings and seen hormone

at our academic institution between 2016 and 2023. The primary endpoint was Overall receptor-positive
Survival (0S), defined as the time from the start of CDK4/6 inhibitors to death due to

any cause.

Results: We identified 212 patients who had received a CDK4/6 inhibitor in the first- or

second-line settings for metastatic HR-positive BC. Of the 212 patients, 53.3% (113) had

a low BMI (defined as < 24kg/m?) and 46.7% (99) had a high BMI (=24kg/m?). In the

first-line setting, mean OS was 46.6 months (95% Cl, 38.9 to 54.3) in the BMI-low group

versus 78.9months (95% Cl, 69.2 to 88.5) in the BMI-high group (p=0.047). The median

PFS was 25 months (95% Cl, 19.7 to 30.3) in the BMI-low group versus 33 months (95%

Cl, 21.4 to 44.6) in the BMI-high group, but the difference between the two groups was

not statistically significant (p= 0.488). No statistically significant differences were

observed in OS and PFS between the two groups in late-line settings (p=0.83; p=0.84).

Conclusion: In HR positive advanced breast cancer patients treated with first-line

CDK4/6 inhibitors, lower BMI is associated with poorer prognosis.

Introduction

Hormone receptor—positive breast cancer, which accounts for approximately 70% of all breast cancer
cases, is the most prevalent subtype. HR-positive breast cancer typically exhibits a more favourable prog-
nosis than other subtypes and demonstrates responsiveness to endocrine therapy. However, as the dis-
ease progresses, tumours may develop resistance to endocrine therapy. Studies indicated that
overactivation of cyclin-dependent kinases CDK4 and CDK6 was one of the primary reasons for endo-
crine resistance [1]. In recent years, various CDK4/6 inhibitor molecules, including Palbociclib, Ribociclib,
Abemaciclib, and Dalpiciclib, have been developed and introduced [2]. The large-scale phase-lll clinical
trials conducted with the PALOMA, MONALEESA, MONARCH, and DAWNA series have confirmed that
CDK4/6 inhibitors play a pivotal role in extending progression-free survival and overall survival in
HR-positive breast cancer patients [3].

According to the latest statistics from the World Health Organization, the global rates of overweight
and obesity continue to rise, facing a crisis of significantly increased disease burden associated with
obesity [4]. Body Mass Index (BMI), as an indicator of obesity, was linked to an increased risk of various
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cancers. Most studies suggest that BMI-affected breast cancer prognosis, but clinical research conclusions
were controversial, with the ‘obesity paradox’ being a notable issue. Some studies find that high BMI was
closely associated with higher incidence and poorer prognosis of breast cancer, which may be related to
the high disease burden caused by obesity [5,6]. Other studies suggest that low BMI in breast cancer
patients was associated with lower survival rates and worse outcomes, possibly due to reduced muscle
mass or malnutrition [7,8]. Additionally, a few studies argue that BMI has no impact on survival
outcomes [9].

BMI significantly influenced the efficacy of anti-tumour strategies, but there are fewer studies on
the relationship between BMI and the therapeutic effects of CDK4/6 inhibitors, and existing research
generally suggests that BMI was not associated with the prognosis of CDK4/6 inhibitor therapy. In
studies targeting HR-positive early breast cancer, the results of the PALLAS trial indicate that BMI has
no significant correlation with the survival of patients without invasive disease. However, high BMI
was associated with a reduced incidence of adverse reactions related to CDK4/6 inhibitors [10].
Regarding the use of CDK4/6 inhibitors in the treatment of HR-positive advanced breast cancer, mul-
tiple studies from the United States, the Netherlands, and Italy have shown that BMI has no significant
association with overall survival (OS) and progression-free survival (PFS) [11-13]. However, a real-world
study in an Asian population found that the risk of recurrence was very similar across different BMI,
but the difference remained statistically significant (HR = 0.943, p=0.003) [14]. Therefore, the exact
relationship between BMI and the therapeutic effects of CDK4/6 inhibitors still requires further
exploration.

Therefore, identifying prognostic factors for CDK4/6 inhibitor efficacy was critical to optimize individ-
ualized treatment strategies in HR-positive advanced breast cancer. Moreover, current research conclu-
sions on the impact of BMI on the efficacy of CDK4/6 inhibitor therapy in HR-positive advanced breast
cancer were inconsistent. This study retrospectively analysed clinical data from patients with metastatic
HR-positive breast cancer treated with CDK4/6 inhibitors, revealing that a high BMI was linked to poorer
overall survival outcomes following CDK4/6 inhibitor therapy.

Methods
Patient population

This study included all female patients with metastatic HR-positive breast cancer on a CDK4/6 inhibitor
(including Palbociclib, Ribociclib, Abemaciclib or Dalpiciclib) therapy, seen in the first ward of the
Department of Breast Medicine, Liaoning Cancer Hospital between July 2016 and November 2023.
Inclusion criteria were as follows: (1) diagnosis of HR-positive breast cancer, (2) first- or late-line treatment
with a CDK4/6 inhibitor, (3) complete clinicopathological data, and (4) female. All patients in this study
were HR-positive as defined by immunohistochemistry with estimated percentages of nuclei staining of
oestrogen receptor (ER) and/or progesterone receptor (PR) protein > 10%. HER2-High status was defined
by IHC 3+ or 2+ with positive ISH. HER2-Low status was defined by IHC 1+ or 2+ with negative ISH, and
HER2-zero by IHC 0. Patients without diagnostic and treatment data or those lost to follow-up were
excluded. The ethics committee of Liaoning Cancer Hospital approved the study (KY20240325).

Data collection

We conducted a retrospective analysis to extract demographic, BMI, clinicopathological, and tumour
treatment information from the included patients. The primary endpoint was OS, defined as the time
from the start of CDK4/6 inhibitors to death due to any cause. The secondary endpoint was PFS, defined
as the time from the start of CDK4/6 inhibitor therapy to disease progression or death due to any cause.
Patients without OS events were censored on the last day of using CDK4/6 inhibitor. Follow-up occurred
until March 31, 2025.

In the context of Chinese individuals, the BMI-low group is defined as having a BMI below 24, while
the BMI-high group is defined as having a BMI equal to or over 24kg/m? [15]. Each patient’s BMI was
calculated based on the measurement recorded at baseline when they began CDK4/6 inhibitor
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therapy. Endocrine drugs used in the same line with a CDK4/6 inhibitor were considered partners,
including SERMs (Tamoxifen or Toremifen), Al (Letrozole, Anastrozole, or Exemestane), and SERDs
(Fulvestrant).

Statistical analysis

The SPSS 26 version was used for analysing each parameter. Qualitative data were typically presented in
the form of patient numbers (n) and related percentages (%), while quantitative data were given based
on normal distribution, either as meanz+standard deviation (x*s) or median (including the 25th and
75th percentiles). Comparative analyses were conducted using the Fisher exact test and the Pearson
chi-square test. The OS and PFS between groups were compared using the Kaplan—Meier curve and
log-rank test. Both univariate and multivariate analyses employed the Cox proportional hazards regres-
sion model. All P-values were two-sided, and P-values less than 0.05 were considered statistically
significant.

Results
Patient population

This study included 212 HR-positive advanced breast cancer patients who received CDK4/6 therapy at our
department. The baseline demographic and clinical characteristics of patients are shown in Table 1. The
median age was 57 years, with 90.6% of patients identified as postmenopausal. 95.8% of patients received
CDK4/6 inhibitors in combination with endocrine therapy. Overall, 27.7% of patients received Palbociclib
treatment, 12.2% received Ribociclib treatment, 32.9% received Abemaciclib treatment, and 27.8%
received Dalpiciclib treatment. Among the 212 patients, 53.3% (113) were categorized as BMI-low (defined
as BMI <24kg/m?), and 46.7% (99) were categorized as BMI-high (defined as BMI > 24 kg/m?). There were

Table 1. Patient demographics and clinical characteristics.

Total BMI < 24 BMI > 24
Characteristic (N=212) N=113 (7%) N=99 (10.8%) p
Age (years) 57.18x£11.15 57.11£11.08 57.26+11.29 0.919
Menopause status (n, %) 0.873
Yes 192 (90.6%) 102 (90.3%) 90 (90.9%)
No 20 (9.4%) 11 (9.7%) 9 (9.1%)
Hypertension (n, %) 0.707
Yes 28 (13.2%) 14 (12.4%) 14 (14.1%)
No 184 (86.8%) 99 (87.6%) 85 (85.9%)
Diabetes (n, %) 0.418
Yes 14 (6.6%) 6 (5.3%) 7 (8.1%)
No 198 (93.4%) 107 (94.7%) 91 (91.9%)
Ischaemic heart disease (n, %) 0.278
Yes 10 (4.7%) 7 (6.2%) 3 (3.0%)
No 202 (95.3%) 106 (93.8%) 96 (97.0%)
Smoking (n, %) 0.894
Yes 4 (1.9%) 2 (1.8%) 2 (2.0%)
No 208 (98.1%) 111 (98.2%) 97 (98.0%)
Alcohol (n, %) -
Yes 0 (0%) 0 (0%) 0 (0%)
No 212 (100%) 113 (100%) 99 (100%)
Carcino-embryonic antigen 5.05 (2.34-12.86) 5.89 (2.84-18.13) 4.46 (2.09-7.42) 0.010
(ng/ml)
CA125 (U/mL) 17.20 (11.40-63.53) 17.40 (11.45-70.50) 17.20 (11.40-60.00) 0.789
CA153 (U/mL) 19.69 (8.27-46.73) 21.93 (7.86-81.89) 19.60 (9.59-32.30) 0.207
CDK4/6 inhibitors (n, %) 0.296
Palbociclib 59 (27.8%) 35 (31.0%) 24 (24.2%)
Ribociclib 26 (12.3%) 10 (8.8%) 16 (16.2%)
Abemaciclib 69 (32.5%) 39 (34.5%) 30 (30.3%)
Dalpiciclib 58 (27.4%) 29 (25.7%) 29 (29.3%)
Drug partner (n, %) 0.891
No partner 9 (4.2%) 4 (3.5%) 5 (5.1%)
SERM 7 (3.3%) 4 (3.5%) 3 (3.0%)
Al 116 (54.7%) 64 (56.6%) 52 (52.5%)
SERD 80 (37.7%) 41 (36.3%) 39 (39.4%)
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no statistically significant differences between the two groups in terms of age, menopausal status, prior
medical history, tumour biomarker levels, or treatment regimens.

Tumour characteristics of patients

Tumour characteristics were shown in Table 2. No statistically significant differences were observed
between the BMI-low and BMI-high groups in terms of surgical procedures and histological subtypes.
There were also no statistically significant differences in the number of lines of tumour treatment or
metastatic sites between the two groups. Compared to the BMI-low group, the BMI-high group did not
show statistically significant differences in ER, PR, HER2, and Ki-67 expression.

OS and PFS

In 212 HR-positive advanced breast cancer patients treated with CDK4/6, the median follow-up time was
20months. During the follow-up period, 51 patients died, including 32 in the BMI-low group and 19 in

Table 2. Tumour characteristics.

Total BMI < 24 BMI > 24
Characteristic (N=212) N=113 N=99 X P
Surgery (n, %) 2.72 0.257
Modified radical 122 (57.5%) 62 (54.9%) 60 (60.6%)
mastectomy
Conservative surgery and 40 (18.9%) 26 (23.0%) 14 (14.1%)
others
No (Newly diagnosed 50 (23.6%) 25 (22.1%) 25 (25.3%)
advanced)
Histological Subtype (n, %) 0.844 0.656
Invasive ductal carcinoma 154 (72.6%) 82 (72.6%) 72 (72.7%)
Invasive lobular 12 (5.7%) 5 (4.4%) 7 (7.1%)
carcinoma
Others 46 (21.7%) 26 (23.0%) 20 (20.2%)
Line (n, %) 3.103 0.078
1 117 (55.2%) 56 (49.6%) 61 (61.1%)
>2 95 (44.8%) 57 (50.4%) 38 (38.4%)
Bone metastases (n, %) 0.005 0.946
Yes 129 (60.8%) 69 (61.1%) 60 (60.6%)
No 83 (39.2%) 44 (38.9%) 39 (39.4%)
Liver metastases (n, %) 0.711 0.399
Yes 55 (25.9%) 32 (28.3%) 23 (23.2%)
No 157 (74.1%) 81 (71.7%) 76 (76.8%)
lung metastases (n, %) 0.758 0.384
Yes 77 (36.3%) 38 (33.6%) 39 (39.4%)
No 135 (63.7%) 75 (66.4%) 60 (60.6%)
Chest wall or others 0.142 0.706
metastasis (n, %)
Yes 117 (55.2%) 61 (54.0%) 56 (56.6%)
No 95 (44.8%) 52 (46.0%) 43 (43.4%)
Oestrogen receptor status 0.530 0.767
(n, %)
< 10% 5 (2.4%) 3 (2.7%) 2 (2.0%)
> 10%, < 90% 91 (42.9%) 46 (40.7%) 45 (45.5%)
> 90% 116 (54.7%) 64 (56.6%) 52 (52.5%)
Progesterone receptor 5373 0.068
status (n, %)
< 10% 61 (28.8%) 39 (34.5%) 22 (22.2%)
> 10%, < 90% 103 (48.6%) 47 (41.6%) 56 (56.6%)
> 90% 48 (22.6%) 27 (23.9%) 21 (21.2%)
HER-2 receptor status 0.540 0.763
(n, %)
Negative 78 (36.8%) 41 (36.3%) 37 (37.4%)
Low (1 or 2 + and fish 131 (61.8%) 71 (62.8%) 60 (60.6%)
negative)
High (3 or 2 + and fish 3 (1.4%) 1 (0.9%) 2 (2.0%)
positive)
Ki-67 status (n, %) 0.396 0.820
< 15% 57 (26.9%) 30 (26.5%) 27 (27.3%)
> 15%, < 30% 38 (17.9%) 22 (19.5%) 16 (16.2%)

> 30% 117 (55.2%) 61 (54.0%) 56 (56.6%)
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the BMI-high group. In the first-line data analysis, the median overall survival for the BMI-High group
had not been reached. The mean OS time for BMI-low group was 46.6 months (95% Cl, 38.9 to 54.3),
and for the BMI-high group, it was 78.9months (95% Cl, 69.2 to 88.5) (Figure 1(a)). This difference was
determined to be statistically significant (p=0.047). The mPFS for the BMI-low group was 25months
(95% Cl, 19.7 to 30.3), and for the BMI-high group, it was 33 months (95% Cl, 21.4 to 44.6) (Figure 1(b)).
Patients with higher BMI exhibited longer PFS and improved outcomes compared to those with lower
BMI. It was worth noting that this difference did not reach statistical significance (p=0.488). In the
late-line analysis of CDK4/6 treatment, the median overall survival for the BMI-low group had not been
reached. For the BMI-low group, the mean OS time was 45.9months (95% Cl, 37.5 to 54.3), and for the
BMI-high group, it was 45.0 months (95% Cl, 33.2 to 56.7) (Figure 1(c)). The mPFS was 17 months (95%
Cl 10.8 to 38.1) in the BMI-low group and 28 months (95% Cl, 10.4 to 45.6) in the BMI-high group (Figure
1(d)). No statistically significant difference was observed between OS and PFS at the late line (p=0.83,
p=0.84).

Differences in OS and PFS between BMI-low and BMI-high groups for first-line and late-line CDK4/6
inhibitors and drug partner subgroups were detailed in Supplementary 1 (Tables S1-S2, Figures S1-54).
Compared to the BMI-low group, a significantly longer OS was observed exclusively among patients
receiving first-line CDK4/6 inhibitors combined with Al (p=0.002) (Figure S2). No statistically significant
differences were observed in other subgroups (Figures S1-54).

Prognostic factors of OS treated with first-line CDK4/6 inhibitors

Tables 3 and 4 summarized the univariate and multivariate analyses of OS associated with first-line
CDK4/6 inhibitor therapy. In the univariate analysis, BMI (p=0.018), carcino-embryonic antigen (p=0.049),
CA125 (p<0.001), CA153 (p=0.011), and liver metastasis (p=0.014) were all associated with OS. Although
carcino-embryonic antigen, CA125, and CA153 showed statistical significance in univariate analysis, their
HR were close to 1 (carcino-embryonic antigen: HR = 1.001; CA125: HR = 1.003; CA153: HR = 1.004),
indicating negligible clinical impact on outcomes. To avoid overfitting and maintain model parsimony,
these biomarkers were excluded from the multivariate analysis. Based on the multivariate analysis, poor
OS in first-line CDK4/6 inhibitor therapy was independently associated with low BMI (p=0.023) and liver
metastasis (p=0.017).

Discussion

The primary aim of this study was to evaluate the impact of BMI on the efficacy of CDK4/6 inhibitors in
patients with metastatic HR-positive breast cancer. This study used China’s obesity standards to classify
patients into two groups based on BMI. We found that in the BMI-high group of HR-positive advanced
breast cancer patients treated with first-line CDK4/6 inhibitors, OS was significantly longer than in the
BMI-low group (46.6 vs. 78.9months, p=0.047), and there was also a trend toward extended PFS (25 vs.
33 months), although the latter did not reach statistical significance. Furthermore, the absence of a sig-
nificant association between BMI and late-line survival outcomes may be attributed to potential con-
straints in the current study, including limited sample size and follow-up duration. In summary, these
findings challenged traditional views, suggesting that high BMI may confer protective effects in CDK4/6
inhibitor therapy.

Our research findings did not align with the traditional conclusions. Generally, obesity was considered
a significant risk factor for the development, progression, and recurrence of breast cancer [16-18]. In
studies examining obesity-related mechanisms of cancer, conclusions usually suggested that obesity
might drive cancer growth, invasion, and metastasis by increasing local and circulating pro-inflammatory
cytokines, promoting tumour angiogenesis, and stimulating cancer stem cell populations [19]. Additionally,
high BMI is often associated with hyperglycaemia, which might be a predictor of poor recurrence-free
survival in HR-positive breast cancer patients [20]. Moreover, HR-positive breast cancer patients with high
BMI have a higher risk of developing non-alcoholic fatty liver disease, and those with this condition have
poor disease-free survival compared to those without [21]. Furthermore, postmenopausal women with
low BMI exhibited higher cancer type recurrence scores [22]. In studies on endocrine therapy, it has also
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Figure 1. Overall survival and progression-free survival according to BMI. Survival curves were generated using
Kaplan-Meier survival analysis. Between-group differences were assessed by log-rank tests. Data points represent median
survival times (months) with 95% confidence intervals (Cl). a. OS of first-line CDK4/6 inhibitors, n=117, p=0.047. b. PFS
of first-line CDK4/6 inhibitors, n=117, p=0.49. c. OS of late-line CDK4/6 inhibitors, n=95, p=0.83. d. PFS of late-line

CDK4/6 inhibitors, n=95, p=0.84.

been found that compared to normal-weight patients, high-BMI patients have significantly poor breast

cancer-specific survival [23].

However, in recent years, the ‘obesity paradox’ theory has emerged, suggesting that patients with
higher BMIs have a lower risk of breast cancer, as well as a lower risk of disease progression and
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Table 3. Univariate analysis of factors affecting OS of first-line CDK4/6 inhibitors.

Univariate analysis

Number
Characteristic N=117 HR 95%Cl p value
Age (years) 56.93+10.64 0.997 0.954, 1.043 0.906
BMI (kg/m?) 23.93+3.74 0.861 0.761, 0.975 0.018
Menopause status (n, %)
Yes 106 (90.6%) 0.425 0.123, 1.468S 0.176
No 11 (9.4%) - -
Hypertension (n, %)
Yes 16 (13.7%) 2.569 0.847, 7.797 0.096
No 101 (86.3%) - -
Carcino-embryonic antigen (ng/ 4.46 (1.90-8.86) 1.001 1.000, 1.002 0.049
ml)
CA125 (U/mL) 15.90 (10.60-55.70) 1.003 1.001, 1.005 < 0.001
CA153 (U/mL) 17.71 (6.98-32.60) 1.004 1.001, 1.007 0.011
CDK4/6 inhibitors (n, %) 0.687 0.468 0.056
Palbociclib 25 (21.4%) - -
Ribociclib 16 (13.7%) - -
Abemaciclib 38 (32.5%) - -
Dalpiciclib 38 (32.5%) - -
Drug partner (n, %) 1.470 0.732, 2.952 0.279
No partner 6 (5.1%) - -
SERM 3 (2.6%) - -
Al 77 (65.8%) - -
SERD 31 (26.5%) - -
Surgery (n, %) 0.972 0.497, 1.898 0.933
Modified radical mastectomy 63 (53.8%) - -
Conservative surgery and others 20 (17.1%) - -
No (Newly diagnosed advanced) 34 (29.1%) - -
Histological Subtype (n, %) 0.950 0.575, 1.570 0.841
Invasive ductal carcinoma 80 (68.4%) - -
Invasive lobular carcinoma 7 (6.0%) - -
Others 30 (25.6%) - -
Bone metastases (n, %)
Yes 66 (56.4%) 1.582 0.607, 4.127 0.348
No 51 (43.6%) - -
Liver metastases (n, %)
Yes 22 (18.8%) 3.081 1.257, 7.553 0.014
No 95 (81.2%) - -
lung metastases (n, %)
Yes 37 (1.6%) 0.830 0.318, 2.167 0.704
No 80 (68.4%) - -
Chest wall or others metastasis (n,
%)
Yes 64 (54.7%) 1.580 0.644, 3.875 0.318
No 53 (45.3%) - -
Oestrogen receptor status (n, %) 0.791 0.370, 1.692 0.546
< 10% 3 (2.5%) - -
> 10%, < 90% 45 (38.5%) - -
> 90% 69 (59.0%) - -
Progesterone receptor status (n, %) 1.070 0.531, 2.157 0.850
< 10% 28 (23.9%) - -
> 10%, < 90% 63 (53.8%) - -
> 90% 26 (22.2%) - -
HER-2 receptor status (n, %) 0.716 0.301, 1.706 0.451
Negative 41 (35.0%) - -
Low (1 or 2 + and fish negative) 75 (64.1%) - -
High (3 or 2 + and fish positive) 1 (0.9%) - -
Ki-67 status (n, %) 1.106 0.664, 1.843 0.699
< 15% 32 (27.4%) - -
> 15%, < 30% 22 (18.8%) - -
> 30% 63 (53.8%) - -

Table 4. Multivariate analysis of factors affecting OS of first-line CDK4/6 inhibitors.
Univariate analysis

Number
Characteristic N=117 HR 95%Cl p value
BMI (kg/m?) 23.93+3.74 0.865 0.763, 0.980 0.023
Liver metastases (n, %)

Yes 22 (18.8%) 2.994 1.219, 7.352 0.017
No 95 (81.2%) - -
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recurrence [24]. This implied that high BMI may act as a protective factor against breast cancer, while low
BMI becomes a risk factor. Molecular mechanism research in postmenopausal breast cancer populations
has revealed that the “obesity paradox” may be associated with the PI3K-AKT signalling pathway, proteo-
glycans in cancer, and pathways related to lipid metabolism and atherosclerosis [25]. Furthermore, the gut
microbiome and tumour microbiome may modulate therapeutic efficacy and drug resistance in breast
cancer by influencing lipid metabolism and the immune microenvironment [26-28]. Research in mela-
noma has suggested that the “obesity paradox” might arise from obesity-induced alterations in gut micro-
biome composition, thereby impacting the efficacy of targeted therapy and immunotherapy [29]. Studies
suggested that poor prognosis associated with low BMI may be related to insufficient muscle mass and
malnutrition [30]. The study of triple-negative breast cancer in China found that sarcopenia was associ-
ated with poorer clinical outcomes [8]. Additionally, the multicentre analysis using individual data from
758,592 premenopausal women across 19 prospective cohorts found a negative linear association between
BMI and breast cancer risk [31]. Further study indicated that this phenomenon may be age-dependent.
Specifically, higher BMI was associated with less breast cancer incidence in females younger than 55years
of age (OR = 0.313, Cl: 0.240-0.407) [32]. Turkish studies have shown that among metastatic breast cancer
patients treated with CDK4/6 inhibitors, low BMI is associated with poor PFS, whereas overweight patients
have a longer PFS (9.3 vs. 11.1 months, p=0.02) [33]. Similarly, a study involving 159,248 patients in the
United States found that compared to high-BMI groups, low-BMI breast cancer patients had early diagno-
sis but poor specific survival [34]. Our research findings are consistent with these conclusions.

The principal limitations of this study include its modest sample size and single-center, single-race
design, which may introduce potential biases. Additionally, the present study did not assess potential
confounding variables, including performance status, CDK4/6 inhibitor dose adjustments, and metabolic
comorbidities such as dysregulation of fatty acids, cholesterol, insulin, and leptin, which may be associ-
ated with BMl-related impact on the efficacy of CDK4/6 inhibitors. Notably, prospective studies have
shown that even within the normal range of BMI, an increase of 5kg in trunk fat can raise the risk of
ER-positive breast cancer by 5% [35]. Therefore, future research should consider the impact of abnormal
body fat on the efficacy of CDK4/6 inhibitors in individuals with normal BMI.

Conclusion

In this study, we evaluated treatment data from a group of metastatic HR-positive breast cancer patients
treated with CDK4/6 inhibitors at a single center and reported factors influencing poor prognosis. Among
patients receiving first-line CDK4/6 inhibitors, there were differences in outcomes across different BMI
groups. We found that low BMI and liver metastasis were adverse prognostic variables affecting OS.
Future research may leverage these findings to inform personalized treatment strategies for metastatic
HR-positive breast cancer patients.

Acknowledgements

Not applicable.

Authors’ contributions

CRediT: Yiwen Ma: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology,
Resources, Software, Validation, Visualization, Writing — original draft, Writing — review & editing; Sijia Wu: Data cura-
tion, Formal analysis, Investigation, Writing — review & editing; Xiaorui Li: Data curation, Formal analysis, Investigation,
Resources, Writing — review & editing; Yujun Jiang: Data curation, Formal analysis, Investigation, Writing - review &
editing; Liping Xiao: Data curation, Formal analysis, Investigation, Writing - review & editing; Ying Wang: Data
curation, Formal analysis, Investigation, Writing - review & editing; Tao Sun: Conceptualization, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Supervision, Writing - review & editing.

Ethical approval and consent to participate

All authors confirm that this study had adhered to the principles stated in the ‘Declaration of Helsinki. The ethics
committee of Liaoning Cancer Hospital approved the exemption of signing the informed consent for this study
(KY20240325).



ANNALS OF MEDICINE €» 9

Consent for publication

All authors give consent for the publication of the manuscript in Annals of Medicine.

Availability of supporting data

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Shenyang Public Health R&D Special Project(22-321-31-04), Liaoning Provincial Key R&D
Projects(2024JH2/102500058), the Fundamental Research Funds for the Central Universities(LD202229), Shenyang
Breast Cancer Clinical Medical Research Center(2020-48-3-1), Liaoning Province Joint Fund Project(2023-BSBA-211),
Liaoning Cancer Hospital “Oncology+" Project(2024-ZLKF-04).

ORCID
Yiwen Ma http://orcid.org/0009-0003-6289-1021

References

[11 Wang X, Zhao S, Xin Q, et al. Recent progress of CDK4/6 inhibitors’ current practice in breast cancer. Cancer
Gene Ther. 2024;31(9):1283-1291. doi: 10.1038/541417-024-00747-x.

[2] Glaviano A, Wander SA, Baird RD, et al. Mechanisms of sensitivity and resistance to CDK4/CDK6 inhibitors in
hormone receptor-positive breast cancer treatment. Drug Resist Updat. 2024;76:101103. doi: 10.1016/j.
drup.2024.101103.

[31 Morrison L, Loibl S, Turner NC. The CDK4/6 inhibitor revolution - a game-changing era for breast cancer treat-
ment. Nat Rev Clin Oncol. 2024;21(2):89-105. doi: 10.1038/s41571-023-00840-4.

[4] Global, regional, and national prevalence of adult overweight and obesity, 1990-2021, with forecasts to 2050:
a forecasting study for the Global Burden of Disease Study 2021. Lancet. 2025;405(10481):813-838.

[5] Tzenios N, Tazanios ME, Chahine M. The impact of BMI on breast cancer - an updated systematic review and
meta-analysis. Medicine (Baltimore). 2024;103(5):e36831. doi: 10.1097/MD.0000000000036831.

[6] Gorasso V, Vandevijvere S, Nusselder WJ, et al. Burden of disease attributable to high body mass index in
Belgium: a comparative risk assessment analysis. BMJ Public Health. 2025;3(1):e2446. doi: 10.1136/
bmjph-2024-002446.

[71 Mialich MS, Da SB, Amstalden BT, et al. Association of skeletal muscle quantity and quality with mortality in
women with nonmetastatic breast cancer. Discov Oncol. 2025;16(1):247. doi: 10.1007/s12672-025-01999-1.

[8] Gu H, Zhu T, Ding J, et al. The association between sarcopenia and clinical outcomes among Chinese patients
with triple-negative breast cancer: a retrospective study. Front Oncol. 2025;15:1402300. doi: 10.3389/
fonc.2025.1402300.

[9] Richter F, Mattar A, Antonini M, et al. The relationship between body mass index and pathological complete
response in Brazilian breast cancer patients. Sci Rep. 2025;15(1):6174. doi: 10.1038/s41598-025-89841-0.

[10] Pfeiler G, Hlauschek D, Mayer EL, et al. Impact of BMI in patients with early hormone receptor-positive breast
cancer receiving endocrine therapy with or without palbociclib in the PALLAS Trial. J Clin Oncol. 2023;41(33):5118-
5130. doi: 10.1200/JC0.23.00126.

[11] Fedele P, Landriscina M, Moraca L, et al. Evaluating CDK4/6 inhibitor therapy in elderly patients with metastat-
ic hormone receptor-positive, HER2-negative breast cancer: a retrospective real-world multicenter study. Cancers
(Basel). 2024;16(20):3442. doi: 10.3390/cancers16203442.

[12] Lammers S, Thurisch H, Vriens |, et al. The prognostic impact of BMI in patients with HR+/HER2- advanced
breast cancer: a study of the SONABRE registry. Breast Cancer Res Treat. 2024;203(2):339-349. doi: 10.1007/
$10549-023-07108-6.

[13] Knudsen ES, Schultz E, Hamilton D, et al. Real-world experience with CDK4/6 inhibitors for metastatic HR+/
HER2- breast cancer at a single cancer center. Oncologist. 2022;27(8):646-654. doi: 10.1093/oncolo/oyac089.

[14] Chen BF, Tsai YF, Chao TC, et al. Real-world experience with CDK4/6 inhibitors in hormone receptor-positive
metastatic and recurrent breast cancer: findings from an Asian population. Clin Exp Med. 2024;24(1):185. doi:
10.1007/5s10238-024-01458-1.


http://orcid.org/0009-0003-6289-1021
https://doi.org/10.1038/s41417-024-00747-x
https://doi.org/10.1016/j.drup.2024.101103
https://doi.org/10.1016/j.drup.2024.101103
https://doi.org/10.1038/s41571-023-00840-4
https://doi.org/10.1097/MD.0000000000036831
https://doi.org/10.1136/bmjph-2024-002446
https://doi.org/10.1136/bmjph-2024-002446
https://doi.org/10.1007/s12672-025-01999-1
https://doi.org/10.3389/fonc.2025.1402300
https://doi.org/10.3389/fonc.2025.1402300
https://doi.org/10.1038/s41598-025-89841-0
https://doi.org/10.1200/JCO.23.00126
https://doi.org/10.3390/cancers16203442
https://doi.org/10.1007/s10549-023-07108-6
https://doi.org/10.1007/s10549-023-07108-6
https://doi.org/10.1093/oncolo/oyac089
https://doi.org/10.1007/s10238-024-01458-1

10 4> Y.MAETAL.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

(34]

[35]

He W, Li Q, Yang M, et al. Lower BMI cutoffs to define overweight and obesity in China. Obesity (Silver Spring).
2015;23(3):684-691. doi: 10.1002/0by.20995.

Busund M, Ursin G, Lund E, et al. Trajectories of body mass index in adulthood and risk of subtypes of post-
menopausal breast cancer. Breast Cancer Res. 2023;25(1):130. doi: 10.1186/s13058-023-01729-x.

Guo Z, Wang J, Tian X, et al. Body mass index increases the recurrence risk of breast cancer: a dose-response
meta-analysis from 21 prospective cohort studies. Public Health. 2022;210:26-33. doi: 10.1016/j.puhe.2022.06.014.
Kong YH, Huang JY, Ding Y, et al. The effect of BMI on survival outcome of breast cancer patients: a systemat-
ic review and meta-analysis. Clin Transl Oncol. 2025;27(2):403-416. doi: 10.1007/512094-024-03563-9.
Picon-Ruiz M, Morata-Tarifa C, Valle-Goffin JJ, et al. Obesity and adverse breast cancer risk and outcome: mech-
anistic insights and strategies for intervention. CA Cancer J Clin. 2017;67(5):378-397. doi: 10.3322/caac.21405.
Ligorio F, Zambelli L, Bottiglieri A, et al. Hormone receptor status influences the impact of body mass index
and hyperglycemia on the risk of tumor relapse in early-stage HER2-positive breast cancer patients. Ther Adv
Med Oncol. 2021;13:17588359211006960. doi: 10.1177/17588359211006960.

Taroeno-Hariadi KW, Putra YR, Choridah L, et al. Fatty liver in hormone receptor-positive breast cancer and its
impact on patient’s survival. J Breast Cancer. 2021;24(5):417-427. doi: 10.4048/jbc.2021.24.e41.

Rothschild HT, Abel MK, Patterson A, et al. Obesity and menopausal status impact the features and molecular
phenotype of invasive lobular breast cancer. Breast Cancer Res Treat. 2022;191(2):451-458. doi: 10.1007/
$10549-021-06453-8.

Ozaki Y, Masuda J, Kataoka A, et al. The impact of obesity and endocrine therapy on the prognosis of premeno-
pausal women with hormone receptor-positive breast cancer: a single-institute retrospective study. Cancer Rep
(Hoboken). 2023;6(2):e1695. doi: 10.1002/cnr2.1695.

Avgerinos Kl, Spyrou N, Mantzoros CS, et al. Obesity and cancer risk: emerging biological mechanisms and
perspectives. Metabolism. 2019;92:121-135. doi: 10.1016/j.metabol.2018.11.001.

Hosseinpour Z, Rezaei-Tavirani M, Akbari ME. Bioinformatic identification of hub genes related to
menopause-obesity paradox in breast cancer. Int J Endocrinol Metab. 2023;21(4):e140835. doi: 10.5812/
ijjem-140835.

Lasagna A, De Amici M, Rossi C, et al. The bio-diversity and the role of gut microbiota in postmenopausal
women with luminal breast cancer treated with aromatase inhibitors: an observational cohort study. Pathogens.
2022;11(12):1421. doi: 10.3390/pathogens11121421.

Kumari S, Srilatha M, Nagaraju GP. Review article: understanding the role of the microbiome in breast cancer
progression. Crit Rev Oncog. 2025;30(2):1-11. doi: 10.1615/CritRevOncog.2024056468.

Wang Y, Wang X, Li W, et al. Huaier enhances the antitumor effects of CDK 4/6 inhibitor by remodeling the
immune microenvironment and gut microbiota in breast cancer [J]. J Ethnopharmacol. 2025;347:119723. doi:
10.1016/j.jep.2025.119723.

Langan EA, Grdtz V, Billmann F, et al. Does the gastrointestinal microbiome contribute to the ‘obesity paradox
in melanoma survival? [J]. Br J Dermatol. 2018;179(1):225-226. doi: 10.1111/bjd.16681.

Camilleri GM, Delrieu L, Bouleuc C, et al. Prevalence and survival implications of malnutrition and sarcopenia
in metastatic breast cancer: a longitudinal analysis. Clin Nutr. 2024;43(8):1710-1718. doi: 10.1016/j.cInu.
2024.06.014.

Schoemaker MJ, Nichols HB, Wright LB, et al. Association of body mass index and age with subsequent breast
cancer risk in premenopausal women. Jama Oncol. 2018;4(11):e181771.

Zhao D, Wang X, Beeraka NM, et al. High body mass index was associated with human epidermal growth fac-
tor receptor 2-positivity, histological grade and disease progression differently by age. World J Oncol.
2023;14(1):75-83. doi: 10.14740/wjon1543.

Caglayan D, Kocak MZ, Geredeli C, et al. The impact of body mass index on the progression-free survival of
CDK 4/6 inhibitors in metastatic breast cancer patients. Future Oncol. 2024;20(38):3099-3105.

Bellini A, Keegan T, Li Q, et al. The effect of body mass index on breast cancer stage and breast cancer specif-
ic survival. Breast Cancer Res Treat. 2025;211(3):649-656. doi: 10.1007/s10549-025-07678-7.

lyengar NM, Arthur R, Manson JE, et al. Association of body fat and risk of breast cancer in postmenopausal
women with normal body mass index: a secondary analysis of a randomized clinical trial and observational
study. JAMA Oncol. 2019;5(2):155-163. doi: 10.1001/jamaoncol.2018.5327.

’


https://doi.org/10.1002/oby.20995
https://doi.org/10.1186/s13058-023-01729-x
https://doi.org/10.1016/j.puhe.2022.06.014
https://doi.org/10.1007/s12094-024-03563-9
https://doi.org/10.3322/caac.21405
https://doi.org/10.1177/17588359211006960
https://doi.org/10.4048/jbc.2021.24.e41
https://doi.org/10.1007/s10549-021-06453-8
https://doi.org/10.1007/s10549-021-06453-8
https://doi.org/10.1002/cnr2.1695
https://doi.org/10.1016/j.metabol.2018.11.001
https://doi.org/10.5812/ijem-140835
https://doi.org/10.5812/ijem-140835
https://doi.org/10.3390/pathogens11121421
https://doi.org/10.1615/CritRevOncog.2024056468
https://doi.org/10.1016/j.jep.2025.119723
https://doi.org/10.1111/bjd.16681
https://doi.org/10.1016/j.clnu.2024.06.014
https://doi.org/10.1016/j.clnu.2024.06.014
https://doi.org/10.14740/wjon1543
https://doi.org/10.1007/s10549-025-07678-7
https://doi.org/10.1001/jamaoncol.2018.5327

	The impact of body mass index on the efficacy of CDK4/6 inhibitors in patients with metastatic breast cancer
	ABSTRACT
	Introduction
	Methods
	Patient population
	Data collection
	Statistical analysis

	Results
	Patient population
	Tumour characteristics of patients
	OS and PFS
	Prognostic factors of OS treated with first-line CDK4/6 inhibitors

	Discussion
	Conclusion
	Acknowledgements
	Authors contributions
	Ethical approval and consent to participate
	Consent for publication
	Availability of supporting data
	Disclosure statement
	Funding
	ORCID
	References


