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Introduction
Aromatase inhibitors (AIs) suppress aromatase 
activity, thereby reducing estrogen concentra-
tions and leading to improved survival in patients 
with hormone receptor-positive breast cancer. 
However, this improved survival concomitantly 

increases the relative risks of age-associated dis-
eases, including cardiovascular events, in patients 
with early breast cancer.1 Altered lipid profiles are 
considered as the likely means through which the 
relative risks for cardiovascular events increase in 
these patients.2

Steroidal aromatase inhibitors have a 
more favorable effect on lipid profiles 
than nonsteroidal aromatase inhibitors in 
postmenopausal women with early breast 
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Abstract
Background: Aromatase inhibitors (AIs) influence blood lipid profiles. However, relatively few 
studies have directly compared the treatment effects of steroidal and nonsteroidal AIs.
Methods: A prospective single-center cohort study was conducted to investigate the effects of 
steroidal and nonsteroidal AIs on lipid profiles during the first 24 months of endocrine therapy 
in hormone receptor-positive postmenopausal patients with early breast cancer. The primary 
endpoint was the cumulative incidence of lipid events, while the secondary endpoints were 
changes in lipid profiles and lipid event-free survival.
Results: Comparison of the lipid profiles of the two groups showed that triglycerides (TGs) 
and total cholesterol (TC) levels were significantly higher in the nonsteroidal AI group over 
24 months (p < 0.05), whereas low-density lipoprotein cholesterol (LDL-C) was significantly 
higher only at 3 months (p = 0.017) and 6 months (p = 0.026). High-density lipoprotein 
cholesterol (HDL-C) was significantly lower in the steroidal group at all time points (p < 0.05), 
except at 18 months (p = 0.085). The cumulative incidence of lipid events in the steroidal and 
nonsteroidal groups at 24 months was 25.3% and 37.0%, respectively. Multivariate analysis 
results indicated that TG, LDL-C, and steroidal AIs were independently associated with blood 
lipid events.
Conclusion: This trial showed that a significantly higher cumulative incidence of lipid events 
occurred in the nonsteroidal AI group than in the steroidal AI group, which indicated that 
steroidal AIs exerted a protective effect against blood lipid events in postmenopausal women 
receiving an AI as adjuvant therapy for breast cancer.
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Third-generation AIs such as exemestane, letro-
zole, and anastrozole have proven to be more 
active than tamoxifen for postmenopausal women 
diagnosed with hormone receptor-positive breast 
cancer.3 Consequently, AIs are frequently used  
as adjuvant therapy in patients with hormone 
receptor-positive breast cancer as per National 
Comprehensive Cancer Network (NCCN) and 
European Society for Medical Oncology (ESMO) 
guidelines. However, long-term estrogen depriva-
tion by AI treatment also affects the physiological 
functions of estrogen and leads to changes in lipid 
profiles as well as bone loss.4

Several studies involving patients with early breast 
cancer have recognized that cardiovascular dis-
ease, related to altered lipid profiles, is the leading 
cause of death among elderly survivors.5,6 Studies 
estimating the effect of AIs in early breast cancer 
patients reported contradictory results in terms of 
net changes in the composition of specific lipid 
fractions. Furthermore, diverse endpoints and 
time points were used for analysis in these stud-
ies, further confounding the results.7–10

Although both steroidal and nonsteroidal AIs sub-
stantially decrease whole-body aromatization and 
inhibit the synthesis of estrogen in postmenopausal 
women, their chemical structure and mechanism of 
action differ which may lead to differential effects 
on blood lipids.11 Nonsteroidal AIs such as letro-
zole (C17H11N5) and anastrozole (C17H19N5) inter-
act noncovalently and reversibly with the heme 
moiety of aromatase. In contrast, the steroidal AI, 
exemestane (C20H24O2), forms an irreversible 
covalent bond with aromatase. The active site of 
aromatase recognizes exemestane as an alternative 
substrate as it is an analog of the natural aromatase 
substrate androstenedione.12 However, to date, 
data comparing the effects of the two types of AIs 
on lipid profiles are scarce. The present prospective 
study was designed to compare changes in the lipid 
profiles of Chinese postmenopausal patients with 
hormone receptor-positive breast cancer receiving 
steroidal or nonsteroidal AIs as adjuvant endocrine 
therapy (ET). The results may provide evidence to 
aid in selecting the optimal strategy for ET.

Methods

Study design and patients
A prospective, single-center, cohort study was 
conducted at the Cancer Hospital of the Chinese 
Academy of Medical Sciences.

Participants were eligible if they were postmeno-
pausal women, diagnosed with hormone recep-
tor-positive, ductal carcinoma in situ (DCIS; 
stage 0) or stages I to III invasive breast cancer, 
for whom AI therapy was considered for initial 
adjuvant ET. Patients were included irrespective 
of having received previous postoperative adju-
vant chemotherapy and/or radiotherapy. Steroidal 
or nonsteroidal AIs were prescribed based on the 
patient’s preference and the physician’s clinical 
judgment. The patients in the steroidal AI group 
received exemestane at a dose of 25 mg orally 
once daily for 5 years, while those in the non-
steroidal AI group received letrozole at a dose of 
2.5 mg or anastrozole at a dose of 1 mg orally once 
daily for 5 years.

Patients diagnosed with low-density lipoprotein 
cholesterol (LDL-C) levels ⩾4.14 mmol/L at 
baseline, those with a previous history of ET, 
those prescribed lipid-lowering medications, 
and those with severe cardiovascular/cerebro-
vascular disease or other malignant tumor diag-
nosed within 6 months were excluded from the 
study.

Endpoints
The primary endpoint of the study was the cumu-
lative incidence of lipid events and factors associ-
ated with lipid events during 24 months of 
follow-up. The lipid events included an LDL-C 
level ⩾4.14 mmol/L, which was determined 
according to the 2007 Chinese guidelines on the 
prevention and treatment of dyslipidemia in 
adults,13 or initiation of lipid-lowering medica-
tion. The secondary endpoints were the changes 
in lipid profiles during 2 years of treatment and 
lipid event-free survival (LEFS), which was 
defined as the time from receiving adjuvant ET to 
occurrence of lipid events.

Sample collection, assessment time points, and 
measurement of lipid profiles
Physical examination and collection of laboratory 
samples were scheduled at baseline and 3, 6, 9, 
12, 18, and 24 months after the initiation of ET. 
Fasting (at least 12 h) blood samples were col-
lected for the estimation of serum lipid parame-
ters, including total cholesterol (TC), LDL-C, 
high-density lipoprotein cholesterol (HDL-C), 
and triglyceride (TG) concentrations, in clinical 
laboratories at the Cancer Hospital of the Chinese 
Academy of Medical Sciences.
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Statistical analysis
The full analysis set consisted of patients with 
data from a minimum of two assessment time 
points (patients with no sequential time point 
assessment were also included in the analysis) 
who complied with the study protocol and were 
free of disease recurrence or metastasis. In the 
case of patient withdrawal, data collected prior 
to withdrawal were used for the analysis. Data 
for continuous variables were expressed as 
means ± standard deviation (SD) or medians 
(minimum, maximum), as appropriate, based on 
the Kolmogorov–Smirnov test. Normally distrib-
uted variables were analyzed using Student’s t-test 
(intergroup comparisons) or paired t-test (intra-
group comparisons over treatment), while the 
Mann–Whitney U test was used for non-normally 
distributed variables. Categorical variables were 
presented as frequencies (percentage) and were 
analyzed using the chi-square test or Fisher’s exact 
test if >20% of the cells had an expected fre-
quency <5. Time-to-event analysis was performed 
using the Kaplan–Meier method and the log-rank 
test. Cox analysis was used for univariate and 
multivariate regression analyses of the primary 
outcome. SPSS 22.0 (IBM, Armonk, NY, USA) 
and GraphPad Prism 6 (GraphPad Software Inc., 
San Diego, CA, USA) were used for analysis. All 
statistical tests were two-tailed, with p-val-
ues < 0.05 suggesting statistical significance.

Highlights.  What is the current knowledge of the 
topic?

•• AIs are used as adjuvant therapy in hor-
mone receptor-positive postmenopausal 
patients with early breast cancer.

•• To date, data comparing the effects of the 
two types of AIs on lipid profiles are scarce.

What question did this study address?

•• Head-to-head comparison of the effects of 
steroidal and nonsteroidal AIs on lipid 
profiles.

What does this study add to our knowledge?

•• A higher incidence of cumulative lipid 
events was observed with nonsteroidal AIs.

•• Patients on steroidal AIs showed favorable 
changes in lipid profiles.

How might this change clinical pharmacology or 
translational science?

•• The study will help physicians in develop-
ing treatment strategies for adjuvant 
therapy.

Results

Study population
A total of 647 patients who had undergone sur-
gery received postoperative ET with AIs from 
November 2014 to December 2016 at the Cancer 
Hospital of the Chinese Academy of Medical 
Sciences. The demographic characteristics of the 
patients are presented in Table 1. Overall, 415 
patients were included for lipid profile analysis. 
Of these, 192 were treated with steroidal AIs 
(exemestane) and 223 with nonsteroidal AIs 
(anastrozole or letrozole) (Figure 1).

Primary endpoints
Lipid events.  The cumulative incidence of serum 
lipid events at 24 months in the steroidal and non-
steroidal groups was 25.3% and 37.0%, respec-
tively. Time-to-lipid event analysis revealed that 
steroidal AIs were associated with a 36% lower 
incidence of lipid events when compared with 
non-steroidal AIs, with a hazard ratio (HR) of 
0.64 [95% confidence interval (CI), 0.44–0.93; 
p = 0.018; Figure 2].

Factors associated with lipid events.  The factors 
associated with the occurrence of lipid events 
were analyzed by univariate and multivariate 
analyses. In univariate analysis (p < 0.05), TGs, 
TC, LDL-C, and steroidal AIs were associated 
with blood lipid events, whereas in multivariate 
analysis TGs (HR = 1.26, 95% CI = 1.05–1.51; 
p = 0.013), LDL-C (HR = 2.73, 95% CI = 1.51–
4.98; p = 0.001), and steroidal AIs (HR = 0.602, 
95% CI = 0.42–0.87; p = 0.008) were indepen-
dently associated with blood lipid events (Table 2).

Secondary endpoints
Changes in lipid profiles.  The median values of 
lipid parameters at each time point are presented 
in Figure 3. Comparison of the lipid profiles of 
the two groups showed that TGs and TC levels 
were significantly higher in the nonsteroidal AI 
group over 24 months (p < 0.05), whereas LDL-C 
was significantly higher only at 3 months 
(p = 0.017) and 6 months (p = 0.026). HDL-C 
was significantly lower in the steroidal AI group at 
all time points (p < 0.05), except at 18 months 
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(p = 0.085). Figure 4 depicts the changes in lipid 
profiles from baseline over the study period and 
the distribution of lipid values are provided in 
Figure 5.

Lipid event-free survival.  The median LEFS 
could not be estimated for either group.

Discussion
In the present study, we focused on changes in 
lipid profiles, which are considered to be 

surrogate markers for the risk of cardiovascular 
events in patients with early breast cancer. 
Steroidal AI treatment elicited better outcomes in 
terms of a lower incidence of increases in all the 
lipid parameters, including HDL-C levels. In 
multivariate analysis, steroidal AIs exerted a pro-
tective effect against blood lipid events, which is 
in accordance with a previous study.2 Earlier 
studies on the effects of AIs on lipid profiles have 
reported contradictory and ambiguous results. 
Reduced TC and LDL-C levels were reported for 
exemestane treatment, whereas higher doses of 

Table 1.  Characteristics of the patients.

Parameter Total Steroidal  
(exemestane)

Nonsteroidal  
(anastrozole/letrozole)

p-value

  415 192 223  

Age, years  

median (range) 60 (41–85) 60 (41–85) 60 (50–79) 0.398

>60 years, n (%) 218 (52.5%) 104 (54.2%) 114 (51.1%) 0.396

BMI, kg/m2 25.6 (14.8–40.0) 25.5 (14.8–36.4) 25.7 (16.4–40.0) 0.057

Hypertension 152 (36.6%) 70 (36.5%) 82 (36.8%) 0.947

Diabetes 48 (11.6%) 23 (12.0%) 25 (11.2%) 0.807

Chemotherapy 246 (59.3%) 100 (52.1%) 146 (65.5%) 0.006

Radiotherapy 133 (32.1%) 60 (31.3%) 73 (32.7%) 0.834

TG, mmol/L 1.40 (0.44–7.35) 1.35 (0.44–7.35) 1.44 (0.53–6.58) 0.840

TC, mmol/L 4.82 (2.46–6.95) 4.83 (2.46–6.95) 4.82 (2.79–6.83) 0.955

HDL-C, mmol/L 1.31 (0.62–2.99) 1.31 (0.63–2.99) 1.30 (0.62–2.65) 0.282

LDL-C, mmol/L 3.12 (1.02–4.13) 3.14 (1.02–4.13) 3.10 (1.11–4.13) 0.737

Stage (%) 0.160

  0 4 (1.0%) 2 (1.0%) 2 (1.0%)  

  I 162 (39.0%) 82 (42.7%) 80 (35.9%)  

  II 177 (42.7%) 69 (35.9%) 108 (48.4%)  

  III 54 (13.0%) 26 (13.5%) 28 (12.6%)  

ER-positive (%) 405 (97.6%) 190 (99.0%) 215 (96.4%) 0.115

PR-positive (%) 378 (91.1%) 177 (92.2%) 201 (90.1%) 0.464

HER2-positive (%) 67 (16.1%) 29 (15.1%) 38 (17.0%) 0.702

Continuous data are presented as median (range).
BMI, body mass index; ER, estrogen receptor; HDL-C, high-density lipoprotein cholesterol; HER2, human erbB-2 receptor; 
LDL-C, low-density lipoprotein cholesterol; PR, progesterone receptor; TC, total cholesterol; TG, triglyceride.
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Figure 1.  Cohort flowchart.

Figure 2.  Kaplan–Meier curve for cumulative lipid events in patients with breast cancer treated with 
exemestane or letrozole/anastrozole.
CI, confidence interval; HR, hazard ratio.
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anastrozole and letrozole led to increases in TC 
and LDL-C levels.14–17

Trials with exemestane and letrozole have previ-
ously compared their lipid-altering effects with pla-
cebo. The results of the MAP.2 trial and the 
MA.17 subgroup study reported no difference in 
blood lipid levels with exemestane and letrozole 
treatment when compared with placebo.18,19 
Similarly, Hozumi et  al showed that exemestane 
and anastrozole treatment exerted no clinically sig-
nificant effect on serum lipid levels.20 In the MA.27 
study, the incidence of hypertriglyceridemia and 
hypercholesterolemia in the anastrozole treatment 
group was higher than in the exemestane group.21 

This disparity was likely due to ethnicity-specific 
differences in AI metabolism.22,23

A study by Ma et al on 60 Han Chinese American, 
African American, Caucasian, and Mexican 
American patients found that Thr364, Cys264, 
and double-variant Arg39Cys264 aromatase 
allozymes showed significantly decreased activity 
when compared with the wild-type enzyme. The 
Arg39Cys264 allozyme also exhibited a signifi-
cantly increased inhibitor constant for letrozole. 
Compared with Caucasian Americans (2.5%) 
and Mexican Americans (5%), Cys264 was found 
at a higher frequency in Han Chinese Americans 
(11.7%) and African Americans (22.5%). In Han 

Table 2.  Multivariate analysis of factors associated with LEFS.

Variables Univariate Multivariate

  HR, 95% CI p-value HR, 95% CI p-value

Age 0.996 (0.969, 1.024) 0.767 – –

BMI 0.989 (0.941, 1.038) 0.646 – –

Hypertension (reference: no) 0.903 (0.621, 1.311) 0.591 – –

Diabetes (reference: no) 0.567 (0.288, 1.118) 0.102 – –

Chemotherapy (reference: no) 1.093 (0.759, 1.574) 0.633 – –

Radiotherapy (reference: no) 1.071 (0.738, 1.557) 0.717 – –

TG 1.279 (1.108, 1.477) 0.001 1.259 (1.049, 1.511) 0.013

TC 2.748 (2.17, 3.481) <0.001 1.495 (0.941, 2.373) 0.088

HDL-C 0.767 (0.459, 1.28) 0.31 –  

LDL-C 4.073 (2.833, 5.856) <0.001 2.737 (1.504, 4.981) 0.001

ER (reference: negative) 0.511 (0.209, 1.252) 0.142 – –

PR (reference: negative) 1.889 (0.881, 4.053) 0.102 – –

HER2 (reference: negative) 0.755 (0.446, 1.28) 0.297 – –

Exemestane (reference: 
anastrozole/letrozole)

0.64 (0.443, 0.925) 0.018 0.602 (0.415, 0.874) 0.008

Stage (reference: 0)  

  1 0.516 (0.125, 2.137) 0.362 – –

  2 0.605 (0.147, 2.487) 0.486 – –

  3 0.859 (0.201, 3.666) 0.838 – –

BMI, body mass index; CI, confidence interval; ER, estrogen receptor; HDL-C, high-density lipoprotein cholesterol; HER2, human erbB-2 receptor; 
HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; LEFS, lipid event-free survival; PR, progesterone receptor; TC, total cholesterol; TG, 
triglyceride.
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Chinese Americans, the Arg39 variant was pre-
sent at a frequency of 6.7% but was rare in other 
ethnic groups. The results of this study suggest 
that patients with decreased aromatase activity 
may not receive the full benefit of AI 
treatment.24 

The lipid event we defined in this trial could, to a 
certain extent, predict the risk of cardiovascular 
events such as coronary heart disease. The differ-
ences in the cumulative incidence of lipid events 
between the two types of AI may have been due to 
their chemical structures and mechanisms of 
action. AIs reduce estrogen levels by suppressing 
the cytochrome P450-dependent enzyme, aro-
matase, which is responsible for the conversion of 
androgens to estrogens. In the case of exemes-
tane, 17-hydroxy exemestane, a metabolite of 
exemestane, also possesses AI activity, which may 
contribute to its enhanced efficacy. This is a likely 
reason for the observed decrease in HDL-C levels 

in patients treated with exemestane.11 The precise 
effect of this decrease in HDL-C concentrations 
will be difficult to ascertain as previous Mendelian 
randomization studies have reported an increased 
incidence of hormone receptor-positive breast 
cancer in patients with a genetic predisposition 
for increased levels of HDL-C.25

In the current study, a substantial decrease in TG 
levels was observed in patients treated with steroi-
dal AIs. TGs serve as an important source of oxi-
dizable energy, which drives cellular and tumor 
growth.26 Therefore, the TG lowering effect of 
steroidal AIs may indirectly contribute to tumor 
suppression. Other studies have reported similar 
results.2

Heterogeneity in genes involved in estrogen sign-
aling has been suggested to affect the lipid profiles 
of women undergoing AI treatment.27 For exam-
ple, in postmenopausal women on adjuvant AI 

Figure 3.  (a) Triglyceride (TG), (b) total cholesterol (TC), (c) high-density lipoprotein cholesterol (HDL-C), and 
(d) low-density lipoprotein cholesterol (LDL-C) levels at different time points over the course of exemestane or 
anastrozole/letrozole treatment in women with breast cancer. Data are presented as median and range.
*p < 0.05, **p < 0.01, and ***p< 0.001.
IQR, interquartile range.
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therapy, specific polymorphisms in the estrogen 
receptor alpha (ESR1) gene were shown to be 
associated with increased LDL-C and TG con-
centrations,28 while changes in CYP19A1 were 
associated with a decrease in TG levels and 
changes in HDL-C concentrations.29 Environ
mental causes, such as an unhealthy lifestyle, can 
also lead to elevated levels of blood lipids. As it 
was difficult to follow up on the eating habits of 
patients, the lifestyle such as eating habits was not 
considered in the final statistical analysis. In the 
multivariate analysis, body mass index, hyperten-
sion, and diabetes, which are commonly consid-
ered as potential risk factors for changes in blood 
lipid levels, had no effect on lipid events in our 
study.

Several studies have suggested that changes in 
lipid profiles induced by letrozole are reversible 
and manageable with drug-lowering therapy, 
while others have indicated that these changes are 
resistant to lipid-lowering medication.30–32 A 
recent study on hormone receptor-positive early 
stage breast cancer patients on adjuvant ET 

reported that cholesterol-lowering medications 
may have a role in preventing breast cancer recur-
rence.33 In the present study, patients taking a 
lipid-lowering medication at baseline were 
excluded. These factors should be taken into con-
sideration in future studies.

The current study differed from earlier studies in 
terms of its strengths. To the best of our knowl-
edge, this is the largest head-to-head prospective 
study comparing the effects of steroidal and non-
steroidal AI treatment as initial adjuvant therapy 
on lipid profiles in Asians. It was also the first study 
using cumulative incidence of lipid events as the 
primary endpoint, and the changes in lipid levels as 
the secondary endpoints, which provides a com-
prehensive overview of changes in lipid profile.

However, our study had several limitations. This 
was a prospective observational study and the 
patients were not randomized to receive the 
study drugs. Furthermore, all the patients were 
Chinese and from a single center, limiting the 
applicability of the results to patients worldwide. 

Figure 4.  Changes from baseline (%) of (a) triglyceride (TG), (b) total cholesterol (TC), (c) high-density 
lipoprotein cholesterol (HDL-C), and (d) low-density lipoprotein cholesterol (LDL-C) levels at different time 
points.
*p < 0.05, **p < 0.01, and ***p < 0.001.
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In addition, because of the relatively short fol-
low-up period, the median LEFS in the two 
groups could not be estimated and the effect of 
the AIs on major cardiovascular outcomes was 
not evaluated. Additional studies are necessary 
to address these limitations and refine the results, 
as well as to verify whether lipid-lowering medi-
cations improve the prognosis of early breast 
cancer patients.

Conclusion
In conclusion, patients with early breast cancer 
treated with steroidal AIs presented with favora-
ble changes in lipid profiles when compared with 
those treated with nonsteroidal AIs. Because a 
large number of women with chronic adjuvant 
ET are vulnerable to cardiovascular disease, phy-
sicians are encouraged to develop treatment strat-
egies after evaluating the risk factors for disorders 
of lipid metabolism. Both physicians and patients 

should give more consideration to the results of 
laboratory tests, lifestyle counseling, and appro-
priate drug therapy options when using AIs.
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