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Background: The aim of this study was to investigate the status of serum lipids during
endocrine therapy.

Methods: We retrospectively analysed lipid profiles during the 5-year treatment of 1487
consecutive postoperative BC patients. Lipid parameters included triglycerides (TG), total
cholesterol (TC), low-density lipoprotein (LDL-C) and high-density lipoprotein (HDL-C).
Those biomarkers were measured at baseline and 1, 2, 3, 4 and 5 years following the
initiation of endocrine therapy.

Results: For premenopausal BC patients, LDL levels rapidly decreased at 1 year in the
tamoxifen (TAM) group compared with baseline levels (p<0.05), and this decline remained
for the following 4 years. Additionally, LDL levels were significantly lower in the TAM group
than in the nonendocrine group at all assessment time points (p<0.05). Similarly, TC levels
also decreased in the TAM group compared with baseline levels at all assessment time
points (p<0.05), and compared with the levels in the nonendocrine group, TC levels were
also lower for the first 4 years. For postmenopausal BC patients, there was no significant
difference in the lipid profiles (TG, TC, LDL and HDL) in the letrozole (LET), anastrozole
(ANA) or exemestane (EXE) groups compared with the nonendocrine group. For patients
who received TAM, compared with the nonendocrine group, TC levels decreased at 1
year, and LDL levels decreased at 1 and 2 years.

Conclusions: TAM may improve LDL and TC levels in premenopausal BC patients. In
postmenopausal BC patients, aromatase inhibitors (AIs) may have no adverse effects on
lipid profiles, and TAM may have limited beneficial effects on serum lipids.
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BACKGROUND

Breast cancer (BC) is one of the most common malignancies,
with an incidence of approximately 2100000 new cases and a
mortality of approximately 630000 worldwide in 2018 (1, 2).
Different BC subtypes have different biological behaviours and
clinical prognoses. Among these, hormone receptor (HR)-
positive BC, accounting for 65%-75% of BC cases, is the most
common type deserving urgent exploration (3–5). Extensive
studies have shown that the better prognosis of HR-positive
BC patients may be due to adjuvant endocrine therapy, which
substantially reduces recurrence rates and improves overall
survival (6).

Prior studies have demonstrated that oestrogen plays a vital
role in the development and progression of HR-positive BC (7,
8), and thus, deregulation of oestrogen signalling may be the
basic therapeutic strategy for endocrine therapy. Endocrine
drugs include selective oestrogen receptor modulators (SERMs)
and aromatase inhibitors (AIs) (9, 10). As a first-generation
SERM, tamoxifen, which was applied in the 1970s, blocks
oestrogenic effects by antagonizing oestrogen binding to
oestrogen receptors (ERs) and interfering with receptor-
mediated transcriptional events (11). AIs (including letrozole,
anastrozole and exemestane) inhibit the aromatase enzyme,
which is the rate-limiting enzyme in the conversion of
androgens to oestrogens, thus leading to the reduction of
plasma and intratumoural oestrogen levels (12, 13).

For BC patients receiving endocrine therapy, the oestrogen
level might be reduced due to the ovarian function decrease and
the side effects of endocrine drugs. While, oestrogen possesses
several physiological functions, including involvement in bone
and lipid metabolism as well as cardiovascular, cognitive and
sexual functions (14). Thus, the decrease in oestrogen may cause
some side effects during the endocrine therapy period. In
particular, endocrine therapy lasts for 5-10 years (15), and the
long-term potential adverse effects of endocrine therapy deserve
exploration. Beneficial effects of oestrogen on lipid metabolism
have been widely reported. Additionally, previous studies have
revealed that the decrease in oestrogen is associated with an
increased rate of hyperlipidaemia and cardiovascular disease
(CVD), including myocardial infarction and stroke (16, 17).
Based on the latest available statistics, with the increasing
survival rate of BC patients, the proportion of non-cancer-
related death has increased gradually. CVD, accounting for
35% of non-cancer-related deaths in BC patients, is the most
common cause of non-cancer-related death and even competes
with BC as the leading cause of death in older patients with early
BC (18). Thus, possible long-term consequences of endocrine
treatment-related changes in lipid metabolism are gradually
drawing increasing attention in BC patients receiving
endocrine therapy.
Abbreviations: BC, breast cancer; TG, triglycerides; TC, total cholesterols; LDL-C,
low-density lipoprotein; HDL-C, high-density lipoprotein; CVD, cardiovascular
diseases; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index;
DV, difference value; SERMs, selective estrogen receptor modulators; TAM,
tamoxifen; AI, aromatase inhibitor; LET, letrozole; ANA, anastrozole; EXE,
exemestane; TOR, toremifene.
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To date, there has been little agreement about the role of
endocrine drugs on lipid metabolism (19–21). Thus, in the
present study, we retrospectively investigated the changing
trend of lipid profiles during the entirety of endocrine
treatment and explored the effects of different endocrine drugs
on lipid metabolism in HR-positive BC patients.
MATERIALS AND METHODS

Patient Selection
From February 2009 to January 2015, the medical records of all
consecutive BC patients were retrospectively collected from the
Department of Breast Surgery, West China Hospital, Sichuan
University. The Institutional Review Board and Ethics
Committee of West China Hospital approved this retrospective
study (IRB No. 2019-1023). The inclusion criteria were as
follows: (1) female patients aged ≥18 years; (2) patients
pathologically diagnosed with BC; (3) postoperative BC
patients and the method of operation were according to the
NCCN guidelines (4) stage I-III BC patients; (5) postoperative
systemic therapies including endocrine therapy, chemotherapy,
targeted therapy, and radiotherapy were recommended
according to the NCCN guidelines, (6)patients who did not
receive endocrine therapy or patients who received one of the
following endocrine drugs: tamoxifen (TAM), letrozole (LET),
anastrozole (ANA), or exemestane (EXE); and (7) patients who
had adequate organ function before surgery and Eastern
Cooperative Oncology Group (ECOG) ≤2. The exclusion
criteria were as follows: (1) patients with bilateral BC; (2)
patients with inflammatory BC; (3) patients with tumors in
other systems; (4) patients who received endocrine therapy
before being diagnosed with BC; (5) patients who had not
completed the established endocrine regimens or who had
changed endocrine drugs for various reasons; (6) patients
diagnosed with dyslipidemia and taking lipid-lowering drugs
before endocrine therapy; (7) patients with heart disease and
liver dysfunction before endocrine therapy; and (8) pregnant and
lactating women.

Data Collection and Evaluated Parameters
All clinicopathological data were reviewed from medical records
by two clinicians who signed confidentiality agreements. The
variables of interest included height, weight, body mass index
(BMI), age at diagnosis, menopausal status, tumour location,
surgical procedures, TNM (Tumour, Node, Metastasis) stage
(22), ER, progesterone receptor (PR), human epidermal growth
factor receptor-2 (HER-2), Ki-67 status and lipid parameters at
baseline (within one week prior to drug administration) and at 1,
2, 3, 4 and 5 years following the initiation of endocrine therapy.
Height and weight were assessed for the determination of BMI,
which was calculated as the weight divided by the height squared
(kg/m2). Lipid parameters includes triglycerides (TG), total
cholesterol (TC), high-density lipoprotein (HDL) and low-
density lipoprotein (LDL). All patients fasted overnight before
blood sampling, and blood samples were collected the next
January 2022 | Volume 11 | Article 670897
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morning on an empty stomach. To avoid lipid changes
associated with freezing and storage, all lipid analyses were
carried out from unfrozen samples within 2 hours after
sampling. All measurements were performed on a Cobas8000
system (Roche Diagnostics GmbH, Germany) in the Department
of Laboratory Medicine, West China Hospital, Sichuan
University, which is a College of American Pathologists
(CAP)-accredited laboratory. According to the Chinese
guidelines for the management of dyslipidaemia (23),
dyslipidaemia was considered if patients met at least one of the
following criteria: TG≥ 1.7 mmol/L, TC ≥ 5.2 mmol/L, LDL-C ≥
3.4 mmol/L or HDL-C ≤ 1.0 mmol/L.

Endocrine Drugs
For premenopausal patients, the nonendocrine group (ER and
PR negative) did not receive any endocrine therapeutic agents,
while the TAM treatment group (ER or PR positive) received 5-
year continuous oral administration of 10 mg TAM twice daily.

Similarly, for postmenopausal patients, the nonendocrine
group (ER and PR negative) did not receive any endocrine
therapeutic agents, while ER or PR positive patients received
continuous oral administration of one of the following endocrine
agents: TAM (20mg/d), LET (2.5 mg/d), ANA (1 mg/d) or EXE
(25 mg/d). Medication was begun within 2 weeks of the end of
chemotherapy treatment and planned to continue for 5 years.

Statistical Analysis
According to the menopausal status, the participants were
stratified into premenopausal and postmenopausal groups. The
differences in baseline lipid profiles and the baseline covariates in
several endocrine therapy groups were evaluated by ANOVA
and the chi-square test.

The generalized linear mixed model was used to evaluate the
changing rules of lipid profiles in different endocrine therapy
groups during the treatment period. First, the time of
administration was taken as a continuous variable to evaluate
the overall trend of blood lipid changes with time and the
influence of different endocrine agents on blood lipids in both
premenopausal and postmenopausal patients. In both
premenopausal and postmenopausal subgroups, BMI, smoking,
hypertension, age, and chemotherapy, endocrine therapy
medication type, medication time (classified or continuous),
and medication type * time were taken as the fixed effects, the
intercept was taken as the random effect, and the UN covariance
matrix (unstructured covariance) was used. Since the
distribution of postmenopausal baseline LDL in the different
endocrine groups was significantly different, in the analysis of
postmenopausal LDL, the difference between LDL levels at the
assessment time points and baseline LDL levels were used as the
response variables of the generalized linear mixed model. Then,
the time of administration was taken as a classified variable to
explore the changes in lipid profiles in different medication
groups and the differences among different medication groups
at 1, 2, 3, 4, and 5 years. The trend of serum lipid levels in
premenopausal and postmenopausal groups and the blood lipid
levels of different AI groups were described by model adjusted
least-square means.
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All the analyses in this study were carried out with SAS 9.4
software (SAS Institute, Cary, NC, USA). Statistical tests were all
2-sided and p < 0.05 was considered statistically significant.
RESULTS

Patient Characteristics
A total of 1487 eligible and consecutive postoperative BC patients
were identified for this study, with 756 premenopausal patients and
731 postmenopausal patients (Figure 1). The clinicopathological
characteristics are summarized in Tables 1, 2. For the
premenopausal women, 486 patients received TAM treatment,
and 270 patients did not receive endocrine drugs. For the
postmenopausal patients, 198 patients received TAM, 151
patients received LET, 118 patients received ANA, 82 patients
received EXE, and 182 patients did not receive endocrine therapy.

The Variations in Lipid Profiles in
Premenopausal Patients
The time-dependent changes in lipid profiles and the results of
intergroup tests using least-square means are shown in Figure 2.
The means and standard error are presented for lipid parameters
measured at baseline and 1, 2, 3, 4 and 5 years.

TC rapidly decreased at 1 year (p<0.05) and then showed a
slow increasing trend that was still below the baseline values
(p<0.05) in the TAM group. Compared with the nonendocrine
group, TC was significantly lower in the TAM group in the first
1-4 years (p<0.05). At 5 years, TC values were still lower in the
TAM group than in the nonendocrine group, but there was no
statistically significant difference.

TG was stable in the TAM group. Compared with the
nonendocrine groups, it was found that TG levels were higher
in the TAM group than in the nonendocrine group at 2 years
(p<0.05); nevertheless, no difference was found at other
measurement time points.

LDL rapidly decreased in the TAM group compared with
baseline levels at 1 year (p<0.05), and the decline remained for
the following 4 years (p<0.05). Notably, LDL levels were
significantly lower in the TAM group than in the
nonendocrine group at all assessment time points (p<0.05).

HDL trends witch increased at 1 year and remained at high
levels at the following assessment time points were similar in
both groups. Only at 5 years, HDL levels were lower in the TAM
group than in the nonendocrine group (p<0.05).

Over all, TAM had beneficial effects on LDL and TC levels
during the 5-year follow-up period (Table 3). Compared with the
nonendocrine group, patients who received TAM had lower LDL
and TC levels, and with the increase in medication time, the
effects of TAM on reducing LDL increased (b=-0.05, 95% CI
-0.07, -0.03). In addition, we found that TC and LDL levels were
positively correlated with age (b=0.03, 95% CI 0.02, 0.04 and
b=0.02, 95% CI 0.01, 0.03, respectively). Similarly, the levels of
TC, TG, and LDL were also positively correlated with BMI
(b=0.02, 95% CI 0.001, 0.04; b=0.05, 95% CI 0.02, 0.07;
b=0.03, 95% CI 0.02, 0.04, respectively), while the HDL levels
January 2022 | Volume 11 | Article 670897
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FIGURE 1 | Flow chart of included and excluded patients.
TABLE 1 | Baseline characteristics of premenopausal breast cancer patients.

VARIABLE Control (n = 270) TAM (n = 486) F/X2 P

Age, mean (SD) 42.83 (5.90) 42.36 (5.22) 1.35 0.25
Smoking, n (%) 1.00 0.30
Yes 1 (0.37%) 5 (1.03%)
No 269 (99.63%) 481 (98.97%)

Hypertension, n (%) 0.04 0.83
Yes 5 (1.85%) 8 (1.65%)
No 265 (98.15%) 478 (98.35%)

BMI, mean (SD) 22.78 (2.83) 22.95 (3.34) 0.50 0.48
Surgery, n (%) 5.72 0.06
Mastectomy 25 (9.26%) 59 (12.14%)
Breast conserving operation 235 (87.04%) 392 (80.66%)
Breast reconstruction 10 (3.70%) 35 (7.20%)

Chemotherapy, n (%) 5.02 0.08
anthracycline-plus-taxane based regimens 124 (45.93%) 208 (42.80%)
anthracycline-based regimens 34 (12.59%) 92 (18.93%)
taxane-based regimens 112 (41.48%) 186 (38.27%)

TNM stage, n (%) 0.68 0.71
Stage I 87 (32.22%) 144 (29.63%)
Stage II 176 (65.19%) 331 (68.11%)
Stage III 7 (2.59%) 11 (2.26%)

Baseline TC level, mean (SD) 4.97 (0.86) 4.89 (0.96) 1.41 0.24
Baseline TG level, mean (SD) 1.73 (0.98) 1.71 (1.12) 0.09 0.77
Baseline LDL level, mean (SD) 3.00 (0.70) 2.93 (0.74) 1.62 0.20
Baseline HDL level, mean (SD) 1.43 (0.38) 1.45 (0.36) 0.43 0.51
Frontiers in Oncology | www.frontiersin.org
 4
 January 2022
 | Volume 11 | Article 67
0897

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


He et al. Lipid Changes in Breast Cancer
were negatively correlated with BMI (b=-0.03, 95% CI
-0.04, -0.02).

In addition, among the 756 premenopausal patients, 445
patients were diagnosed with dyslipidaemia (58.86%) before
Frontiers in Oncology | www.frontiersin.org 5
endocrine therapy. Moreover, the proportion of newly
diagnosed dyslipidaemia during endocrine therapy in
premenopausal BC was also assessed (Figure 3). At all
assessment time points during the whole endocrine therapy
TABLE 2 | Baseline characteristics of postmenopausal breast cancer patients.

VARIABLE Control (n = 182) TAM (n = 198) LET (n = 151) ANA (n = 118) EXE (n = 82) F/X2 P

Age, mean (SD) 57.12 (6.53) 53.35 (6.44) 58.99 (6.48) 59.18 (6.81) 61.07 (8.51) 95.09 <0.01
Smoking, n (%) 8.47 0.076
Yes 0 (0.00%) 5 (2.53%) 1 (0.66%) 1 (0.85%) 1 (1.22%)
No 182 (100.00%) 193 (97.47%) 150 (99.34%) 117 (99.15%) 81 (98.78%)

hypertension, n (%) 9.98 0.041
Yes 7 (3.85%) 9 (4.55%) 13 (8.61%) 14 (11.86%) 7 (8.54%)
No 175 (96.15%) 189 (95.45%) 138 (91.39%) 104 (88.14%) 75 (91.46%)

BMI, mean (SD) 23.15 (3.13) 23.66 (3.00) 23.85 (3.15) 24.68 (3.58) 23.52 (2.90) 4.39 <0.01
Surgery, n (%) 15.10 0.06
Mastectomy 15 (8.24%) 3 (1.52%) 8 (5.30%) 11 (9.32%) 8 (9.76%)
Breast conserving operation 164 (90.11%) 193 (97.47%) 142 (94.04%) 107 (90.68%) 73 (89.02%)
Breast reconstruction 3 (1.65%) 2 (1.01%) 1 (0.66%) 0 (0.00%) 1 (1.22%)

chemotherapy, n (%) 113.81 <0.01
anthracycline-plus-taxane based regimens 113 (62.09%) 144 (72.73%) 90 (59.60%) 71 (60.17%) 42 (51.22%)
Anthracycline based regimens 2 (0.01%) 9 (0.05%) 1 (0.01%) 0 (0.00%) 20 (24.39%)
Taxane based regimens 67 (36.81%) 45 (22.73%) 60 (39.74%) 47 (39.83%) 20 (24.39%)

TNM stage, n (%) 14.03 0.08
Stage I 54 (29.67%) 54 (27.27%) 39 (25.83%) 37 (31.36%) 31 (37.80%)
Stage II 127 (69.78%) 136 (68.69%) 111 (73.51%) 80 (67.80%) 50 (60.98%)
Stage III 1 (0.55%) 8 (4.04%) 1 (0.66%) 1 (0.85%) 1 (1.22%)

Baseline TC level, mean (SD) 5.22 (0.97) 5.07 (0.95) 5.24 (1.03) 5.28 (1.07) 5.19 (0.94) 1.14 0.34
Baseline TG level, mean (SD) 1.82 (1.14) 1.77 (1.05) 1.81 (0.79) 1.87 (0.87) 1.66 (0.83) 0.62 0.65
Baseline LDL level, mean (SD) 3.16 (0.85) 3.00 (0.76) 3.27 (0.79) 3.35 (0.79) 3.12 (0.83) 4.42 <0.01
Baseline HDL level, mean (SD) 1.45 (0.40) 1.39 (0.42) 1.39 (0.32) 1.42 (0.36) 1.51 (0.46) 1.96 0.10
January
 2022 | Volume 1
1 | Article 6
FIGURE 2 | Line chart of lipid profiles during 5-years endocrine therapy in premenopausal BC patients. *p < 0.05 for comparison with baseline. #p < 0.05 for
comparison with the nonendocrine group.
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period, there was no statistically significant difference in the
proportion of newly diagnosed dyslipidaemia between the TAM
and nonendocrine groups.

The Variations in Lipid Profiles in
Postmenopausal Patients
Additionally, we assessed the time-dependent variations in lipid
profiles in postmenopausal patients, and the results are shown in
Figure 4. The means and standard deviations for lipid
parameters were still measured at baseline and at 1, 2, 3, 4 and
5 years.

TC decreased in the TAM group at 1, 2, 3 and 4 years
compared with baseline levels (p<0.05). Additionally, TC also
decreased in the EXE group at 1 and 2 years compared with
baseline levels (p<0.05). While, TC levels remained basically
stable in the LET, ANA and nonendocrine groups. We found
that only at 1 year, TC levels in the TAM group were lower than
those in the nonendocrine group (p<0.05).
Frontiers in Oncology | www.frontiersin.org 6
TG decreased in the nonendocrine group at 2, 3, 4 and 5 years
compared with baseline levels (p<0.05). Similarly, TG decreased
in the ANA group at 1 and 4 years compared with baseline levels
(p<0.05). Also, TG decreased in the EXE group at 1, 2 and 4 years
compared with baseline levels (p<0.05). In the TAM and LET
groups, TG levels did not change significantly. The difference
between the four endocrine drugs and the nonendocrine group
was not significant.

LDL decreased in both TAM and ANA groups at all
assessment time points compared with baseline levels (p<0.05).
In the LET group, LDL decreased at 4 years compared with
baseline levels (p<0.05). Additionally, LDL levels were
significantly lower at 1 and 2 years in the TAM group than in
the nonendocrine group (p<0.05).

HDL levels increased in the TAM group at 1 year compared
with baseline levels (p<0.05), while HDL levels did not change
significantly in the LET, ANA, EXE or nonendocrine groups.
Additionally, the difference between the four endocrine drugs
and the nonendocrine group was not significant.

Additionally, we performed further analysis to assess the effects
of endocrine drugs on serum lipids in postmenopausal patients
(Table 4). The present study showed that there was no statistically
significant alteration in the lipid profiles (TG, TC, LDL and HDL)
in the LET, ANA or EXE groups compared with the nonendocrine
group. For patients who received TAM, we found that LDL levels
decreased from the first year, and with the increase in medication
time, the effects of TAM on reducing LDL were weakened (b=0.06,
95% CI 0.02, 0.11). Additionally, BMI was positively correlated
with TG (b=0.05, 95% CI 0.02, 0.07), and age was positively
correlated with TC (b=0.01, 95% CI 0.00, 0.02).

Additionally, among the 731 postmenopausal patients, 521
patients were diagnosed with dyslipidaemia (71.23%) before
endocrine therapy. Furthermore, we compared the proportion of
newly diagnosed dyslipidaemia in patients received different
endocrine drugs (Figure 5). Similar to the results of
TABLE 3 | Comparison of lipid profiles in premenopausal BC patients.

TC b (95%CI) TG b (95%CI) LDL b (95%CI) HDL b (95%CI)

ET
control 0.00 0.00 0.00 0.00
TAM -0.24 (-0.37,-0.12) 0.09 (-0.15,0.32) -0.29 (-0.39,-0.19) 0.05 (-0.01,0.11)

Time -0.02 (-0.04,-0.002) -0.05 (-0.11,0.01) -0.03 (-0.05,-0.02) 0.05 (0.04,0.06)
ET*Time
control*time 0.00 0.00 0.00 0.00
TAM*time -0.01 (-0.04,0.02) 0.04 (-0.04,0.12) -0.05 (-0.07,-0.03) -0.02 (-0.03,-0.01)

Chemotherapy
anthracycline-plus-taxane-b
ased regimens

0.00 0.00 0.00 0.00

anthracycline-based regimens 0.05 (-0.10,0.21) -0.10 (-0.34,0.14) 0.04 (-0.09,0.16) 0.02 (-0.05,0.09)
taxane-based regimens -0.05 (-0.17,0.07) 0.01 (-0.18,0.19) -0.04 (-0.14,0.05) 0.00 (-0.06,0.07)

Smoking
No 0 0 0 0
Yes 0.03 (-0.57,0.63) 0.22 (-0.68,1.12) -0.11 (-0.59,0.37) 0.04 (-0.24,0.32)

Hypertension
No 0 0 0 0
Yes 0.26 (-0.16,0.68) -0.20 (-0.79,0.56) 0.03 (-0.30,0.37) 0.05 (-0.14,0.25)

Age 0.03 (0.02,0.04) 0.01 (-0.01,0.02) 0.02 (0.01,0.03) 0.00 (-0.003,0.01)
BMI 0.02 (0.001,0.04) 0.05 (0.02,0.07) 0.03 (0.02,0.04) -0.03 (-0.04,-0.02)
January 2022 | Volume 1
FIGURE 3 | The proportion of newly diagnosed dyslipidaemia after endocrine
therapy in premenopausal BC.
1 | Article 670897

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


He et al. Lipid Changes in Breast Cancer
premenopausal patients, the proportion of newly diagnosed
dyslipidaemia were also no statistical difference among
nonendocrine, TAM, LET, ANA and EXE groups at all
assessment time points during the whole endocrine therapy period.

Comparison of Variations in Lipid Profiles
Among Letrozole, Anastrozole and
Exemestane in Postmenopausal BC
Patients
To assess the effects of LET, ANA and EXE on lipid profiles,
intergroup comparisons were performed. The mean absolute
values for lipid parameters and the P value of pairwise
comparisons across the three endocrine drugs during the study
period are shown in Table 5. Overall, there was almost no
difference in the effects of LET, ANA and EXE on lipid
profiles. We found that TC levels were lower in the EXE than
in the LET or ANA groups at 1 year (p=0.04; p=0.047,
respectively). The LDL levels increased in the EXE group but
decreased in the LET group and ANA group at 4 years (p=0.01;
p=0.01, respectively).
DISCUSSION

This was a real-world retrospective study with a relatively large
sample size in a single institution in China to investigate the
potential effects of endocrine therapy on serum lipids. In this
study, we found that for premenopausal BC patients, TAM had
beneficial effects on LDL and TC levels. For postmenopausal BC
Frontiers in Oncology | www.frontiersin.org 7
patients, the effects of AIs (including LET, ANA and EXE) on
lipid metabolism might be insignificant, while TAM has a
modest beneficial impact on LDL.

The majority of previous studies which showed beneficial
effects of TAM on LDL and TC levels were usually prospective
randomized controlled trials, although the variables affecting
serum lipids were relatively strictly controlled, the sample size
was usually small, and the follow-up time was generally short,
mostly from 3 months to 2 years (24–26). This real-world
retrospective study complemented and further confirmed
previous results with a relatively large sample size and longer
follow-up. The beneficial effects of TAM on lower LDL levels
may be explained by the fact that TAM may inhibit enzymes,
including sterol-D8,7-isomerase and acetyl-coenzyme A
acetyltransferase, which are involved in the cholesterol
metabolism pathway to decrease LDL levels (27). Additionally,
other research have reported that the TAM-induced decrease in
LDL levels might be associated with upregulating apo B-100
receptors (28).

Regarding the effects of TAM on HDL levels, previous studies
have shown different results. Wasan KM et al. reported that after
2 years of TAM administration, a moderate increase in HDL
levels was observed in postmenopausal BC women (29). On the
other hand, Vehmanen et al. reported that the changes in HDL
cholesterol levels after 3 and 6 months of tamoxifen therapy were
insignificant both in the TAM group and in the nonendocrine
group (30). Similarly, another report published by Sawada also
showed that TAM did not change HDL levels (24). Similarly, the
present study showed that except for the lower HDL levels in the
FIGURE 4 | Line chart of lipid profiles during 5-years endocrine therapy in postmenopausal BC patients. *p < 0.05 for comparison with baseline. #p < 0.05 for
comparison with the nonendocrine group.
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TAM group at 5 years, there was no significant difference
between the TAM and nonendocrine groups.

In terms of the TG levels, different studies have different
results. Tominaga et al. demonstrated that TAM did not affect
TG levels (31), whereas Sawada reported that TAM increased TG
by 21.7% (24). Our results showed that TAM seemed more
adverse than the nonendocrine at 2 years, but the adverse effects
only lasted for a short time, and there was no significant
difference at other assessment time points between the TAM
and nonendocrine groups. Due to the lack of long-term
prospective randomized controlled trials to confirm the effects
of TAM on lipid profiles, further research is urgently needed.

Regarding the effects of LET on lipid metabolism, previous
studies have shown different results. Elisaf et al. have reported
an increase in TC and LDL levels after the administration of
Frontiers in Oncology | www.frontiersin.org 8
LET (32). Similarlly, in the sub-study of the MA.17 trial, significant
increases in TC, LDL and HDL levels were observed in the LET
group compared with baseline levels, although the placebo arm
was not available (33). Moreover,the first results of the BIG 1-98
trial comparing LET with TAM showed that 43.6% of LET-treated
patients developed mild to moderate hypercholesterolaemia vs
19.2% of TAM-treated patients (34). While, Harper-Wynne et al.
(35) and Heshmati et al. (36) demonstrated that LET had no
significant effects on TC, LDL or HDL levels following 3 and 6
months of therapy. Similarly, a multicentre open randomized
study containing 27 patients in the LET and TOR groups,
respectively reported that after 2 years of follow-up, lipid profiles
were essentially unchanged in the LET group (37). Additionally, a
sub-study of the MA.17 trial (183 in the LET group and 164 in the
placebo group with a 3-year follow-up) demonstrated that after 5
years of TAM treatment, LET therapy did not significantly alter
TG, HDL, LDL, or TC levels, and the frequency of
hypercholesterolemia was comparable between patients treated
with LET and those treated with placebo (38). Overall, the current
information is conflicting and insufficient to fully determine the
longer-term effects of LET on lipid metabolism.

In regard to the changes in lipid profiles during the ANA
treatment period, there has been much controversy. In the Italian
TAM Arimidex (ITA) trial, patients switching to ANA after 2 or
more years of TAM were found to have higher levels of lipid
metabolism disorders than those continuing on TAM (9.3% vs
4%, respectively) (39). In addition, another study containing 38
postmenopausal BC patients showed significant increases in TC,
LDL, and HDL levels (40). However, there have also been studies
that showed beneficial effects on lipid profiles during the ANA
treatment period. For instance, Banerjee et al. reported a
TABLE 4 | Comparison of lipid profiles in postmenopausal BC patients.

TC b (95%CI) TG b (95%CI) LDL change b (95%CI) HDL b (95%CI)

ET
control 0.00 0.00 0.00 0.00
TAM -0.14 (-0.43,0.14) -0.01 (-0.31,0.30) -0.50 (-0.77,-0.24) 0.14 (-0.39,0.67)
LET -0.05 (-0.28,0.19) -0.14 (-0.39,0.12) -0.02 (-0.25,0.22) 0.01 (-0.48,0.51)
ANA 0.02 (-0.23,0.28) -0.12 (-0.40,0.15) 0.03 (-0.22,0.28) 0.06 (-0.47,0.59)
EXE -0.05 (-0.35,0.25) -0.26 (-0.57,0.06) -0.19 (-0.49,0.12) 0.06 (-0.54,0.66)
Time -0.01 (-0.04,0.03) -0.06 (-0.10,-0.03) -0.02 (-0.05,0.01) 0.05 (-0.07,0.17)

ET*Time
control*time 0.00 0.00 0.00 0.00
TAM*time -0.03 (-0.08,0.01) 0.05 (-0.001,0.10) 0.06 (0.02,0.11) -0.07 (-0.24,0.09)
LET*time 0.01 (-0.04,0.06) 0.06 (0.00,0.11) -0.01 (-0.06,0.04) -0.03 (-0.21,0.15)
ANA*time 0.00 (-0.05,0.06) 0.01 (-0.05,0.06) -0.01 (-0.06,0.04) -0.02 (-0.21,0.16)
EXE*time 0.00 (-0.06,0.06) 0.04 (-0.03,0.10) 0.05 (-0.005,0.11) -0.07 (-0.27,0.14)

Chemotherapy
anthracycline-plus-taxane-based regimens 0.00 0.00 0.00 0.00
anthracycline-based regimens -0.20 (-0.53,0.13) -0.10 (-0.45,0.25) 0.31 (0.02,0.61) -0.05 (-0.57,0.46)
taxane-based regimens 0.16 (-0.27,0.59) -0.07 (-0.52,0.38) -0.32 (-0.70,0.05) -0.13 (-0.77,0.50)

Smoking
No 0.00 0.00 0.00 0.00
Yes 0.28 (0.00,0.55) 0.10 (-0.19,0.39) -0.12 (-0.36,0.13) -0.01 (-0.42,0.41)

Hypertension
No 0.00 0.00 0.00 0.00
Yes -0.03 (-0.25,0.19) -0.05 (-0.29,0.18) 0.12 (-0.07,0.32) -0.08 (-0.42,0.25)

Age 0.01 (0.00,0.02) 0.00 (-0.01,0.01) -0.001 (-0.01,0.01) 0.00 (-0.02,0.01)
BMI -0.00 (-0.03,0.02) 0.05 (0.02,0.07) 0.01 (-0.01,0.03) -0.03 (-0.06,0.01)
January 2022 | Volume 1
FIGURE 5 | The proportion of newly diagnosed dyslipidaemia after endocrine
therapy in postmenopausal BC.
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significant increase in HDL levels for 176 BC patients who
received 3 months of ANA treatment (41). Additionally, after
3 months of ANA treatment, a significant decrease in TG and an
increase in HDL levels were observed by Sawada S (24). While,
there were also studies which showed that ANA did not alter
lipid profiles. Anan et al. reported a 2-year multicentre open
randomized study containing 36 patients in the TOR group and
33 patients in the ANA group, and the results showed that ANA
did not significantly alter lipid profiles (19). Considering the
controversial results, further studies are needed to confirm the
effects of ANA on lipid metabolism.

In terms of the effects of EXE on lipid metabolism, different
studies have shown different results. A study showed that after 2
years of follow-up, TC, LDL, and TG levels decreased in both the
EXE and placebo groups, and the only difference was a small
decrease in HDL observed in the EXE group only (42). A
companion sub-study of the EORTC trial (72 patients included
in the statistical analysis) indicated that EXE decreased TG levels
and had no adverse effects on TC or HDL levels 8, 24 and 48
weeks after treatment (43). In the Greek sub-study of the TEAM
trial, baseline lipid levels were compared with levels at 3 and 6
months of treatment. At 6 months, EXE appeared to stabilize TC
and HDL levels. In terms of TG levels, EXE reduced TG at both
time points and by approximately 10% at 6 months (44). In brief,
these studies showed that EXE seemed to have little adverse
effects on lipid profiles.

Overall, few studies have explored the effects of endocrine
drugs on lipid metabolism, and the results are largely
Frontiers in Oncology | www.frontiersin.org 9
controversial. Additionally, there has been no study that
directly compares the effects of TAM, LET, ANA and EXE on
lipid profiles in postmenopausal HR-positive BC patients. More
importantly, no consensus has been reached so far. To
complement previous results, we conducted a retrospective
real-world analysis, and our findings indicated that there was
no significant difference in the lipid profiles (TG, TC, LDL and
HDL) in the LET, ANA and EXE groups compared with the
nonendocrine group. For patients who received TAM, we found
that LDL levels decreased from the first year, and with the
increase in medication time, the effects of TAM on reducing
LDL levels were weakened. In conclusion, endocrine therapy had
almost no adverse effects on serum lipids in postmenopausal HR-
positive BC patients. Due to the lack of long-term prospective
randomized controlled trials to confirm the effects of endocrine
drugs on lipid profiles, further research is urgently needed.

To the best of our knowledge, the present study was one of the
first real-world retrospective studies with a 5-year follow-up and a
relatively large sample size to provide comprehensive information
on lipid alterations and to explore the effects of different
endocrine agents on lipid profiles in both premenopausal and
postmenopausal BC patients.There are still several limitations to
this study that should be highlighted. First, as a retrospective
study, some data were lost, and some confounding factors could
not be completely excluded. Second, the present study lacks data
on calorie intake and consumption, energy variation and body
composition, such as dietary intake, physical activity and basic
metabolic rates. Third, although the portion of patients who take
TABLE 5 | Comparision of lipid profiles among LET, ANA and EXE in postmenopausal BC patients.

LET N ANA N EXE N LET vs. ANA LET vs. EXE ANA vs. EXE
Lsmean (SE) Lsmean (SE) Lsmean (SE) t (P) t (P) t (P)

TC
baseline 5.11 (0.10) 151 5.16 (0.10) 118 5.20 (0.11) 82 -0.5 (0.62) -0.71 (0.48) -0.28 (0.78)
1 year 5.16 (0.10) 122 5.16 (0.11) 100 4.85 (0.12) 58 0 (0.99) 2.04 (0.04) 1.98 (0.047)
2 years 5.12 (0.10) 103 5.18 (0.11) 92 4.90 (0.13) 51 -0.46 (0.64) 1.46 (0.15) 1.8 (0.07)
3 years 5.09 (0.10) 94 5.18 (0.11) 82 5.02 (0.13) 43 -0.72 (0.47) 0.46 (0.64) 1.01 (0.31)
4 years 5.15 (0.11) 80 5.16 (0.11) 75 5.20 (0.14) 34 -0.1 (0.92) -0.28 (0.78) -0.19 (0.85)
5 years 5.21 (0.11) 62 5.17 (0.12) 59 5.06 (0.15) 24 0.32 (0.75) 0.88 (0.38) 0.62 (0.54)

TG
baseline 1.71 (0.10) 151 1.74 (0.11) 118 1.71 (0.12) 82 -0.21 (0.84) 0.01 (0.99) 0.18 (0.86)
1 year 1.69 (0.11) 122 1.46 (0.12) 100 1.38 (0.13) 58 1.74 (0.08) 1.91 (0.06) 0.49 (0.63)
2 years 1.57 (0.11) 103 1.63 (0.12) 92 1.38 (0.14) 51 -0.48 (0.63) 1.09 (0.28) 1.46 (0.14)
3 years 1.60 (0.11) 94 1.63 (0.12) 82 1.46 (0.14) 43 -0.24 (0.81) 0.79 (0.43) 0.96 (0.34)
4 years 1.71 (0.12) 80 1.50 (0.12) 75 1.41 (0.15) 34 1.49 (0.14) 1.62 (0.10) 0.46 (0.65)
5 years 1.77 (0.12) 62 1.53 (0.13) 59 1.59 (0.16) 24 1.52 (0.13) 0.89 (0.37) -0.31 (0.76)

HDL
baseline 1.44 (0.17) 151 1.47 (0.19) 118 1.52 (0.22) 82 -0.15 (0.88) -0.28 (0.78) -0.14 (0.89)
1 year 1.60 (0.19) 122 1.68 (0.21) 100 1.50 (0.26) 58 -0.3 (0.77) 0.32 (0.75) 0.55 (0.58)
2 years 1.63 (0.21) 103 1.64 (0.21) 92 1.55 (0.27) 51 -0.03 (0.97) 0.24 (0.81) 0.26 (0.79)
3 years 1.62 (0.21) 94 1.63 (0.22) 82 1.54 (0.30) 43 -0.04 (0.97) 0.23 (0.82) 0.26 (0.80)
4 years 1.59 (0.22) 80 1.65 (0.23) 75 1.51 (0.33) 34 -0.23 (0.82) 0.19 (0.85) 0.36 (0.72)
5 years 1.59 (0.25) 62 1.64 (0.26) 59 1.43 (0.36) 24 -0.13 (0.90) 0.39 (0.70) 0.49 (0.63)

LDLchange
1 year -0.10 (0.09) 122 -0.21 (0.09) 100 -0.18 (0.11) 58 1.06 (0.29) 0.66 (0.51) -0.17 (0.86)
2 years -0.10 (0.09) 103 -0.23 (0.09) 92 -0.11 (0.11) 51 1.21 (0.23) 0.09 (0.93) -0.85 (0.40)
3 years -0.16 (0.09) 94 -0.23 (0.09) 82 -0.05 (0.11) 43 0.59 (0.55) -0.81 (0.42) -1.25 (0.21)
4 years -0.23 (0.09) 80 -0.27 (0.10) 75 0.12 (0.12) 34 0.31 (0.76) -2.44 (0.01) -2.64 (0.01)
5 years -0.17 (0.09) 62 -0.21 (0.10) 59 -0.12 (0.12) 24 0.32 (0.75) -0.34 (0.73) -0.59 (0.56)
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hyperlipidemia drugs was less than 1%, the data was collected only
from West China Hospital. It is not clear whether patients were
prescribed lipid-lowering drugs in other hospitals or took drugs
themselves. However, based on clinical experience, few patients
took lipid-lowering drugs and thus, the results of this study were
mildly affected. Additionally, many factors may have intertwining
effects on lipid profiles; thus, the specific mechanism of lipid
profile alterations throughout endocrine therapy was not
explained clearly. Last but not least, we lacked the prognostic
value of follow-up in later stages, and we did not further explore
the relationship between endocrine therapy and the incidence of
CVD and the long-term prognosis of BC patients. Thus, further
multicenter RCT studies are urgently warranted to supplement
and confirm lipid metabolism during endocrine treatment period,
and the sustained effects after the end of endocrine treatment
deserve increasing attention.
CONCLUSION

In conclusion, favourable changes in lipid profiles, especially
LDL and TC levels, were observed in premenopausal BC patients
treated with TAM. Additionally, for postmenopausal BC
patients, aromatase inhibitors (AIs) may have no adverse
effects on lipid profiles, and TAM may have limited beneficial
effects on serum lipids.
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