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Abstract: Background: Women are typically diagnosed with estrogen receptor-positive breast cancer
around the postmenopausal period when declining estrogen levels initiate changes in lipid profiles.
Aromatase inhibitors (Al) are used to prevent the progression of cancer; however, a further reduction
in estrogen levels may have detrimental effects on lipid levels, which was our working hypothesis.
Methods: Our meta-analysis was conducted on the lipid profiles of postmenopausal breast cancer
patients at baseline and at different treatment time points. Results: We identified 15 studies, including
1708 patients. Studies using anastrozole (ANA), exemestane (EXE), letrozole (LET), and tamoxifen
(TMX) were involved. Subgroup analyses revealed that 3- and 12-month administrations of LET
and EXE lead to negative changes in lipid profiles that tend to alter the lipid profile undesirably,
unlike ANA and TMX. Conclusions: Our results suggest that, despite statistically significant results,
EXE and LET may not be sufficient to cause severe dyslipidemia in patients without cardiovascular
comorbidities according to the AHA/ACC Guideline on the Management of Blood Cholesterol.
However, the results may raise the question of monitoring the effects of Als in patients, especially
those with pre-existing cardiovascular risk factors such as dyslipidemia.

Keywords: breast cancer; lipids; anastrozole; exemestane; letrozole; meta-analysis

1. Introduction

Breast cancer remains a pivotal health challenge globally. Approximately 60-70% of
breast cancer is estrogen receptor-positive (ER+) and is usually diagnosed around the peri-
or postmenopausal period [1-4]. This is a topical issue due to the decline in the mean
age of menopause in low-income and middle-income countries [5]. ER+ breast cancer
often necessitates endocrine therapy as a cornerstone of treatment. Aromatase inhibitors
(Als) have emerged as a vital component of this therapeutic approach, offering a survival
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advantage by inhibiting the enzyme aromatase, thereby reducing estrogen levels and
inhibiting the growth of breast cancer cells [6].

However, the impact of Als on metabolic parameters, especially plasma lipid profiles,
has garnered attention due to the potential implications for cardiovascular health in this
vulnerable population. The relationship between estrogen, lipid metabolism, and cardio-
vascular health is intricate, with estrogen believed to play a protective role in cardiovascular
function. Given that Als significantly reduce estrogen levels, understanding the consequent
effects on plasma lipids is crucial, as alterations in lipid profiles could predispose individu-
als to cardiovascular diseases, which are of particular concern in postmenopausal women
with breast cancer, who may already be at an increased risk due to age, cancer therapy, and
possible pre-existing conditions.

Estrogen is essential for hepatic ApoB100/ApoE receptor production, which elimi-
nates low-density lipoprotein cholesterol (LDL-C) from the liver and is responsible for the
conversion of cholesterol into cholic acid by increasing hepatic 7x-hydroxylase activity
and decreasing hepatic lipase activity to maintain the high-density lipoprotein cholesterol
(HDL-C) sub-fraction HDL2. These findings have been supported by the elimination of
dyslipidemia with estrogen replacement [7-14]. Among healthy postmenopausal women,
declining estrogen due to decreased folliculogenesis is coupled with elevated serum total
cholesterol (TC), LDL-C, triglycerides (TG), and decreased HDL-C [15-18]. In this popula-
tion, cardiovascular diseases (CVDs) are one of the leading causes of comorbidities and
death [19,20]. Therapeutic options to prevent ER+ tumor progression include receptor
antagonism with selective estrogen modulators and the inhibition of the conversion of
androgens into estrogen using Als, providing estrogen reduction [21]. Als can be divided
into two categories. Type I Als (exemestane, EXE) are steroidal compounds designed to
maintain permanent inhibition by forming covalent bonds with aromatase, a condition only
reversed by the newly synthesized aromatase. However, Type Il Als, anastrozole (ANA)
and letrozole (LET), are non-steroidal reversible competitive inhibitors, and their constant
presence is necessary for aromatase inhibition and estrogen reduction [21].

The tolerability of Als has been analyzed, and most of the adverse effects are consis-
tent with estrogen deficiency—compared with tamoxifen (TMX), Type I and II Als have
demonstrated an increased risk of inflammatory rash, arthralgia, and diarrhea. Regarding
Ais, to date, three meta-analyses have found a significant positive association between
cardiovascular adverse events and Ais compared with TMX [22-24]. Despite the statisti-
cally significant results, lipid levels have not entirely been statistically investigated for EXE,
ANA, and LET in a comparative study.

This systematic review and meta-analysis statistically encompasses lipid alterations
reported in clinical trials of postmenopausal ER+ breast cancer patients prospectively
administered EXE, ANA, and LET. The purpose of our systematic review and meta-analysis
was to determine the effect of Ais on serum lipid values among patients with elevated risk
of malignancy or with existing ER+ breast cancer and to contribute to a more informed
approach to managing the treatment of hormone receptor-positive breast cancer to optimize
overall patient health outcomes.

2. Materials and Methods

Our meta-analysis was reported following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement and registered in PROSPERO; the
registration number is CRD42019116159 [25].

2.1. Literature Search Strategy
2.1.1. Web of Science

To perform our search on Web of Science, we used the reference database 2023 Clarivate
Analytics, Web of Science Group, Web of Science (Clarivate PLC, Saint Helier, UK). We
conducted our search on 15 June 2023. Our search used medical subject headings (MeSHs)
and terms. We used the function “TOPIC, (searching across the following fields within a
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record: Title, Abstract, Author Keywords, Keywords Plus®), the algorithm was: (aromatase
inhibitor) AND TOPIC: (lipid) AND TOPIC: (breast cancer)”. The type of database was
“All Databases” (searching across all subscribed resources). We did not use any time
restriction (all years: 1975-2023). A detailed search query for Web of Science can be seen in
Supplementary Table S1.

2.1.2. MEDLINE

We used the reference database of the National Center for Biotechnology Information
(NCBL Bethesda, MD, USA) National Library of Medicine. We conducted our search via
PubMed on 15 June 2023, where the algorithm was “((aromatase inhibitor) AND (lipid))
AND (breast cancer)” in the Advanced Search Builder. We used no field (“All Fields”) or
time restrictions. A detailed search query for MEDLINE can be seen in Supplementary
Table S2.

2.1.3. Embase

The reference database was the 2023 Elsevier Life Sciences Excerpta Medica Database
(Embase; Amsterdam, The Netherlands) via Wiley. Here, the date of the search was also
15 June 2023. In the advanced search interface, we used the following algorithm: aromatase
AND inhibitor AND lipid AND breast AND cancer without any field (“All Fields”) or
time (“Limit to 1966-2023") restrictions. A detailed search query for Embase can be seen in
Supplementary Table S3.

2.1.4. Cochrane Library

To conduct this search, we used the 2000-2023 database by John Wiley & Sons, Inc.
(New York, NJ, USA), the Cochrane Collaboration, on 15 June 2023. In the advanced
interface, we applied another algorithm without time restriction (“All Dates”): aromatase
inhibitor in Title Abstract Keyword AND lipid in Title Abstract Keyword AND breast
cancer in Title Abstract Keyword (Word variations have been searched). Detailed search
queries for Cochrane Library can be seen in Supplementary Table S4.

All databases were accessible through the Hungarian Electronic Information Service
National Programme and the University Library of Pécs. All research hits were exported in
“txt”, “html”, “csv”, “xml”, “docx”, “pdf”, “xIsx”, and “bib” to record our results and in
file formats the “ciw”, “nbib”, and “ris” to import and perform the study selection process
by using EndNote version X7.0.2 (Thomson Reuters, Toronto, Canada). In our three-step
process, we first automatically detected and eliminated duplicates. Then, we manually
screened the remaining records to find additional duplicates. Matching titles, authors,
publishing dates, and /or DOI numbers were used as exclusion criteria. Finally, to confirm
the accuracy of identification, the remaining publications were automatically screened
again to ensure no further duplicates were found.

2.2. Selection Criteria and Data Extraction

In this phase, we individually reviewed the abstracts and titles of records to identify
full-text articles. At this point, we assessed the eligibility in five consecutive steps: screening
publications by the inclusion and exclusion criteria, study selection by therapy duration,
inspection of data usability, and selection based on the dimensions of lipid values. Eligibility
criteria were based on patients, interventions, comparisons, outcomes, and study design
(PICOS), and for inclusion, full-text publications had to meet our PICO criteria [26].

Patients were postmenopausal women with existing breast cancer (primary, early,
or advanced), and patients with an increased risk of breast cancer (history of benign
breast cancer, prior malignant breast cancer, prior ductal carcinoma in situ (DCIS), or
prior lobular carcinoma in situ (LCIS) or a history of lobular neoplasia or atypical ductal
hyperplasia). The intervention was the administration of aromatase inhibitors in separate
study populations for ANA, LET, and/or EXE. Comparisons were the same patients before
and after the administration of aromatase inhibitors. The outcomes were serum TC, LDL-C,



J. Clin. Med. 2024, 13, 1818

4 0f 20

HDL-C, and TG levels at baseline; different treatment time points of intervention; and the
mean difference (%) between the baseline and treatment time points within each treatment.

2.3. Risk of Bias Assessment and Data Presentation

The procedure was performed for all included studies following the PRISMA state-
ment and the Cochrane Handbook for Systematic Reviews of Interventions [25,27]. Risk of
bias assessment involved adequacy of randomization, concealment of allocation, blinding
of patients, healthcare providers, data collectors, outcome assessors, extent of loss to follow-
up, and stopping the trial early for benefit. During the selection procedure, interrater
reliability statistics were performed [28]. BB and NF selected articles for inclusion. BB and
GG assessed the risk of bias. ZG resolved any disputes as a third person. We extracted
the first author’s name, trial name, year of publication, type of treatment arm, number of
patients, age in years, and BMI. Type of malignancy, therapy duration, and serum lipid
values were also obtained. Extracted data are presented in Table 1. Only English publica-
tions were included. The datasets generated during the current study are available from
the corresponding authors upon request.

2.4. Statistical Analysis

Pre- to post-treatment differences in serum lipid values between baseline and treatment
time points were evaluated. The differences in means with 95% confidence intervals (Cls)
were calculated for all included studies. The random effect model by DerSimonian and
Laird was used, and Cochrane’s Q and I? statistics were applied to test heterogeneity, where
p <0.1; in all other cases, p < 0.05 was considered statistically significant [29].

Although we knew that a correlation existed between the datasets (before and after
values), independent t-tests were used due to a lack of information about the correlation
coefficients. With this procedure, we did not increase the possibility of type I errors because
t-values were underestimated and calculated from correlated datasets. The following
equations were used.

Equation (1) demonstrates the first step, the calculation of the s? value:

,»  (ny —1)*sd12+(n2—1)*sd22
§% = 1
ny+np —2

Equation (2) represents the second step, the calculation of the t-value:
mean; — mean,
In Equations (1) and (2), n; and ny are the number of patients in each group. SDs are

represented by sd! and sd?. Variance is s?. In Equation (2), mean; and mean, demonstrate
the average values of each sample set [29].

()
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Table 1. Detailed characteristics of included studies. ANA, anastrozole; DCIS, ductal carcinoma in situ; ER+, estrogen receptor-positive; EXE, exemestane; HDL-C,
high-density lipoprotein cholesterol; HR+, hormone receptor-positive; LDL-C, low-density lipoprotein cholesterol; LET, letrozole; NR, not reported; SD, standard
deviation; TC, total cholesterol; TG, triglycerides; TMX, tamoxifen.

Number of

Experimental

Age in Years

Overall Therapy

Source Year of . . ’ . . Outcome
. P Location =~ Arm Therapy Patients (by the Experimental BMI Type of Disease Duration
(Trial Name) Publication (Daily Dose) Included Arm) (Months) (mg/dL)
no. of patients:
mean [range] underweight: 3; ER+ breast cancer TC, LDL-C
Lenning PE et al. [30] 2005 Norway EXE (25 mg) EXE: 64 EXE: 60 normal: 28; 24 ¢ 4
[46-73] overweight: 28; or DCIS HDL-C, TG
obese: 13

Francini G 2006 Ital EXE (25 mg) EXE: 28 mean [SD] 61.89 mean [SD] ER+ resected 12 TC, LDL-C,
etal. [31] Y TMX (20 mg) T™X: 27 [4.45] 29.17 [2.12] breast cancer HDL-C, TG
. EXE (25 mg) EXE: 33 mean [SD] ER+ resected TC, LDL-C,
Montagnani A et al. [32] 2008 Italy TMX (20 mg) TMX: 35 mean [SD] 61.6 [7.2] 28.1 [13] breast cancer 24 HDL-C, TG

ER+ resected
Markopoulos C et al. EXE (25 mg) EXE: 77 . TC, LDL-C,
(TEAM Greek substudy) [33] 2008 Greece  TnIX (20 mg) TMX: 65 NR NR primary breast 12 HDL-C, TG
Markopoulos C et al. mean [range] 62.6 operable TC, LDL-C,
(ATENA lipid substudy) [34] 2009 Greece EXE (25 mg) 21 [40-81] NR breast cancer 24 HDL-C, TG
ANA (1 mg) ANA: 22 mean [SD] mean [SD] ER+ resected TC, LDL-C,
Sawada S et al. [35] 2009 Japan TMX (20 mg) TMX: 22 59.3[5.9] 23.4[5.4] breast cancer 3 HDL-C, TG
. mean [range] 56 ER+ metastatic TC, LDL-C,
Zidan J et al. [36] 2010 Israel LET (2.5 mg) 52 [45-89] NR breast cancer 12 HDL-C, TG
mean [range] mean [range] ER+ resected TC, LDL-C,
Anan K et al. [37] 2011 Japan ANA (1 mg) 33 60.0 [50-86] 24.0 [18.1-31.0] breast cancer 24 HDL-C, TG

mean [range] mean [SD] EXE: ER+ DCIS

EXE (25 mg) EXE 117 29.6 [6.3] (stage 0) or stage TC. LDL-C,
Bell LN etal. [38] 2012 usA LET (2.5 mg) LET: 129 5914485 LET: 111l invasive 3 HDL-C, TG

57 [38—80] 29.0 breast cancer

mean [SD]

SD] EXE: TC, LDL-C
EXE (25 mg) EXE:149 mean [ ER+ . 2
Iwata H et al. [39 2013 apan . EXE: 63.4 [9.3 23.0[3.6 12 HDL-C, TG

[39] Jap ANA (1 mg) ANA:149 ANA: 64.0[[9.0]] Al\%A: 1 breast cancer

23.6 [4.5]

Santa-Maria CA et al. 2015 USA EXE (25 mg) EXE: 132 median [range] median [range] st?%&—%?{)srgarst 3 TC, LDL-C,
(ELPh sub-analysis) [40] LET (2.5 mg) LET: 147 59 [35,89] 29 [17.7,55.9] B imcer HDL-C, TG
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Table 1. Cont.
Experimental Number of Age in Years Overall Therapy
(Trisex?lggine) Pu\l{)elai‘cra(:ifon Location = Arm Therap Patients (by the Experimental BMI Type of Disease Duration ?;;&Tf
(Daily Dose{ Included Arm) (Months)
>1.66%
probability of
developing
. SD SD . . TC, LDL-C,
Lopez AM et al. [41] 2015 USA LET (2.5 mg) 28 11?15%116[1 [8} r1218a2n [[6.6]] invasive breast 3 HDL-C, TG
cancer within
5 years or prior
excised LCIS
elevated Gail
mean: 59.1 mean: Model risk, prior
Gatti-Mays ME o 29.3 lobular neoplasia, TC, LDL-C,
etal. [42] 2016 USA EXE (25 mg) 42 rangeand SDarenot o0 andSDare atypical ductal 24 HDL-C, TG
reported .
not reported hyperplasia, or
resected DCIS
intracystic
L LET (2.5 mg) LET: 15 mean [SD] mean [SD] mracy
Al-Biati HA etal. [43] 2016 rag  7vx (20 mg) TMX: 15 543 [3.47] 281+18 papillary breast 3 TC, HDL-C, TG
carcinoma
LET (25 mg) mean [range] EXE:
.S mg LET: 38 59.8 mean [SD] ~ .
Tian W et al. [44] 2017 China ANA (1 mg) ANA: 51 (52-77] EXE: 24.78 (3.81) }f”fwmﬁ 24 B e
EXE (25 mg) EXE: 27 LET: 59.5 LET: 23.33 (3.11) reast cancer ’

[48-79]
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3. Results
3.1. Literature Search Results

A systematic search of the Web of Science, MEDLINE, Embase, and Cochrane Library
databases identified 415, 294, 771, and 76 hits, respectively. We used these 1582 records
during the selection process, as shown in the PRISMA diagram in Figure 1.

)
= Records identified through database Additional records identified
£ searching through other sources
3 (n=1582) (n=0)
b=
Rt
=
)
=
I
1 il Records excluded
L (n=1030)
Records after duplicates removed
(n=1066) 6 case reports
133 conference (meeting)
of abstracts
E 13 conference (meeting)
g papers
5 5 editorials
n Records screened 7 letters
(n=1066) > lnews
8 non-English records
— 309 non-relevant original
researches
v 2 patents
Full-text articles assessed é 4?5Ubl'§_hed elratum
= for eligibility reviews
= (n=36) N
& | Full-text articles excluded,
= with reasons
v (n=21)
ies incl in
— Stughes_1 cudet . Missing data (lacking
qualitative synthesis ! i Tini
p— (a=T15) baseline and endpoint lipid
values), n=11
Study design (lacking
= denotation which AI was
= A used, lacking stratification
= Studies included in for Al dosage was not
2 o - constant), n =8
= quantitative synthesis : . .
Tvsi Concomitant lipid-altering
(meta—ina ysis) medication without
(n=15) stratification, n = 2

Figure 1. PRISMA flow diagram. PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow chart of study inclusion and exclusion, www.prisma-statement.org [25].

Duplicates were excluded, and the remaining 1066 records were screened. Based
on our PICO format, 36 studies were included for eligibility testing, and 21 studies were
excluded according to our multistep selection process for the following reasons: lacking
baseline and endpoint lipid values (n = 11) and study design (lacking denotation on which
Al was used, lacking stratification for Al, or dosage was not constant; n = 8); studies with
concomitant interventions that could impact serum lipid levels were also eliminated if the
interventional group was not stratified in a distinct subgroup (n = 2). Finally, 15 eligible
prospective studies were identified with 1708 patients enrolled within EXE, ANA, or LET
experimental therapy arms. Data were collected for further subgroup analysis if an eligible
study included combination therapy with selective estrogen modulator tamoxifen (TMX)
in a distinct arm.

Interrater reliability statistics were performed for study inclusion when individual
decisions needed to be compared [28]. Our calculation yielded a Cohen’s coefficient (k)
of 0.87 and 94.12% agreement. Similarly, the risk of bias evaluation also provided high
Cohen’s coefficient (k = 0.81) and agreement values (90.91%).
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3.2. Characteristics of Eligible Studies

The final eligible publications were published from July 2005 to October 2017 [30-44].
Fasting serum lipid levels were mainly assessed in Clinical Laboratory Improvement
Amendment (CLIA)-approved laboratories. The detailed characteristics of the included
studies are presented in Table 1. Two reviewers, BB and GG, independently analyzed the
selected studies, and ZG, as a third reviewer, resolved any disagreements. Randomization
was reported in 11 out of 15 studies. Two studies mentioned randomization using computer-
generated sequences, where the individuals performing the randomization and carrying
out the study measurements were blinded. Three studies were double-blinded. Five were
open-labeled, and five had unclear blinding. One study ended prematurely because of an
early publication. Selective reporting was not detected in any of the publications. Patient
drop-outs exceeded 30% in three studies. One publication reported initial endocrine and
sequential therapy after TMX in its retrospective study, but the exact treatment and timing
were not specified. In one trial, 72% of the patients received adjuvant and conventional
treatments before letrozole. Publication bias was examined by visual inspection of funnel
plots, where the standard error was plotted against the difference in means. The detailed
results of risk of bias assessment are shown in Supplementary Table S5 and are based on
the Cochrane Handbook for Systematic Reviews of Interventions [27].

3.3. Meta-Analysis of Aromatase Inhibitors ANA, EXE, and LET on Serum TC, LDL-C, HDL-C,
and TG in 3- and 12-Month Administration Intervals

Forest plots were used to represent one type of lipid and time interval for all Als (and
for TMX, if available). Thus, eight forest plots and 32 subgroups were generated.

Three forest plots considering TC and TG are displayed in Figures 2—-4. The remaining
five forest plots for LDL-C and HDL-C can be seen in Supplementary Figures S3, 56, S9,
512 and S15. Funnel plots were only provided for subgroups if the number of included
studies was higher than two. These 15 plots are published as Supplementary Figures S1,
S2,54, 5,57, S8, 510, S11, S13, S14 and S16-520.

To determine and compare lipid risk categories considering fasting serum lipid TC,
LDL-C, HDL-C, and TG levels at the baseline; and the 3- and 12-month treatment time
points, we used the 2018 AHA /ACC Guideline on the Management of Blood Cholesterol,
determining risk categories as “low”, “ideal”, “desirable”, “above desirable”, “borderline
high”, “high”, and “very high” [45]. Detailed results of each analysis can be seen in Table 2.

3.3.1. TC after 3-Month Administration of Als and TMX

According to the random effect model, the pooled differences in the means between
the baseline and endpoint treatment times in the ANA, EXE, and LET subgroups were
1.95 mg/dL (95% CI: —3.31-7.22 mg/dL, p = 0.46), —6.69 mg/dL (95% CI: —9.90-3.47 mg/dL,
p <0.001), and 5.16 mg/dL (95% CI: 3.47-6.85 mg/dL, p < 0.001), respectively [35,36,38,40—44].
Two publications were included in the TMX subgroup, where the pooled difference in the
means was —23.17 mg/dL (95% CI: —39.57-—6.76 mg/dL, p = 0.006) [35,43]. The related
forest plot is shown in Figure 2. The heterogeneity was unimportant for all Als, as indicated by
12 values of 0% for ANA, EXE, and LET and 29.11% for TMX. The detailed results are displayed
in Table 2, and the related funnel plots are shown in Supplementary Figures S1 and S2.

3.3.2. TC after 12-Month Administration of Als and TMX

One publication for this lipid type and time interval was found for the ANA subgroup,
where the mean difference was 2.17 mg/dL (95% CI: —12.15-16.492 mg/dL, p = 0.76) [44].
The pooled differences in the means for the EXE and LET subgroups were 5.23 mg/dL
(95% CI: —0.47-10.95 mg/dL, p = 0.07) and —0.193 mg/dL (95% CI: —9.50-9.11 mg/dL,
p = 0.96), respectively [31-34,37,42,44]. A 12-month TMX administration was found in
three publications, where the pooled difference in the means was —12.36 mg/dL
(95% CI: —34.71-9.98 mg/dL, p = 0.27) [31-33]. The heterogeneity was moderate for all Als,
as indicated by I? values of 48.12% and 47.43% for EXE and LET, respectively. Considerable
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EXE

EXE

EXE

EXE

EXE

LET

LET

LET

LET

LET

LET

LET

T™MX

T™MX

T™MX

heterogeneity was found in the TMX subgroup (I? = 89.81%, p < 0.001). The detailed data are
shown in Table 2, the forest plot for this subgroup analysis is displayed in Supplementary
Figure S3, and the funnel plots are shown in Supplementary Figures S4 and S5.

Stud . Statistics for cach stud Diff . 1 95% CI
Difference Lower Upper .
in means limit limit p-Value Relative
weight
Tian W et al, 2017 1.700 -12.331 15.731 0.812
14.10
Sawada S et al, 2009 2.000 -3.684 7.684 0.490
85.90
1.958 -3311 7.226 0.466
Gatti-Mays ME et al, 2016 -12.700 -26.387 0.987 0.069
5.52
Bell LN et al, 2012 ~7.000 -11.525 2475 0.002
= 5047
Santa-Maria CA et al, 2016 —-6.000 -10.993 -1.007 0.019
b - 41.46
Tian W et al, 2017 1.120 ~18.980 21.220 0913
—6.692 -9.907 -3477 0.000 P
Lopez AM et al, 2015 2.791 -0.519 6.101 0.098 - 26.03
ZidanJ et al, 2010 5.000 2.192 7.808 0.000 - 36.16
Santa-Maria CA et al, 2016 5.900 2.069 9.731 0.003 — 1943
Al-Biati Ha et al, 2017 6.750 -1.824 15324 0.123 — 388
Bell LN et al, 2012 8.000 3.345 12.655 0.001 —— 13.16
Tian W et al, 2017 12.410 2173 26.993 0.095 134
5162 3473 6.850 0.000 ¢
Sawada S et al, 2009 —29.000 —43.882 -14.118 0.000 e — 67.35
Al-Biati Ha et al, 2017 ~11.150 -36.569 14.269 0.390 = 32,65
23171 -39.578 ~6.765 0.006 ?
-50.00 -25.00 0.00 25.00 50.00

Figure 2. Forest plot of TC after 3-month administration of Als and TMX. Pooled mean differ-
ences were calculated between each study’s baseline and endpoint treatment times. Studies here
are stratified by Als (ANA, EXE, and LET) and TMX measured by mg/dL (p < 0.05). The size of
each box represents the weight contribution of the studies. The vertical lines represent the sum-
mary points for the random effect model; diamonds represent overall differences in the means
of TC for each stratum. Al, aromatase inhibitor; ANA, anastrozole [35,44]; CI, confidence in-
terval; EXE, exemestane [38,40,42,44]; LET, letrozole [36,38,40,41,43,44]; TC, total cholesterol; TMX,
tamoxifen [35,43].



J. Clin. Med. 2024, 13, 1818 10 of 20

Group by Study name Statistics for each study Difference in means and 95% CI

Subgroup

within study Difference Lower Upper Relative

in means limit limit p-Value weight
ANA Sawada S et al, 2009 ~27.000 —42.774 -11.226 0.001 el 82.70
ANA Tian Wet al, 2017 -19.100  -53.593 15.393 0278 - 17.30
ANA 25634  -39979  -11.288 0.000 1
EXE Tian W et al, 2017 ~18410  -54.976 18.156 0324 2.11
EXE Bell LN et al, 2012 -11.000  -18111 -3.889 0.002 = 55.81
EXE Santa-Maria CA et al, 2016 -7400  -16.155 1355 0.098 il 36.82
EXE Gatti-Mays ME et al, 2016 -6400  —29.567 16.767 0.588 ——— 526
EXE 9580  -14.902 —4276 0.000 <&
LET Zidan J et al, 2010 ~2.000 ~5.460 1.460 0257 37.32
LET Bell LN et al, 2012 0.400 ~7.591 8391 0.922 267
LET Santa-Maria CA et al, 2016 2500 -3.828 8.828 0439 27.66
LET Al-Biati Ha et al, 2017 3000  —20.070 26.070 0.799 —— 499
LET Tian W et al, 2017 4780  —63.755 73315 0.891 0.63
LET Lépez AM et al, 2015 27.450 8.032 46.868 0.006 ——— 6.73
LET 2.062 -3412 7.537 0460 »
T™MX Sawada S et al, 2009 28.000 10.496 45504 0.002 L = 24.63
T™MX Al-Biati Ha et al, 2017 36.710 26.703 46.717 0.000 7537
T™MX 34,564 25.876 43252 0.000
~75.00 -37.50 0.00 37.50 75.00

Figure 3. Forest plot of TG after 3-month administration of Als and TMX. Pooled mean differences
were calculated between each study’s baseline and endpoint treatment times. Studies here are
stratified by Als (ANA, EXE, and LET) and TMX measured by mg/dL (p < 0.05). The size of each
box represents the weight contribution of the studies. The vertical lines represent the summary
points for the random effect model; diamonds represent overall differences in the means of TG
for each stratum. Al, aromatase inhibitor; ANA, anastrozole [35,44]; CI, confidence interval; EXE,
exemestane [38,40,42,44]; LET, letrozole [36,38,40,41,43,44]; TG, triglyceride; TMX, tamoxifen [35,43].

3.3.3. LDL-C after 3-Month Administration of Als and TMX

Pooled differences in the means were calculated for Als. The values for the ANA, EXE,
and LET subgroups were —2.36 mg/dL (95% CI: —9.13-440 mg/dL, p = 0.49),
2.20 mg/dL (95% CIL: —0.77-5.18 mg/dL, p = 0.14), and 4.43 mg/dL (95% CI: 2.08-6.79 mg/dL,
p < 0.001), respectively [35,36,38,40,42,44]. One study was included as a TMX subgroup, and
the difference in the means was —31.00 mg/dL (95% CI: —46.90-—15.09 mg/dL,
p < 0.001) [34,40]. The related forest plot is shown in Supplementary Figure S6. Hetero-
geneity was unimportant in the ANA, EXE, and TMX subgroups, as indicated by 2 values of
0%. However, heterogeneity was moderate for the LET subgroup (I = 61.14%). Detailed data
are presented in Table 2. Funnel plots are shown in Supplementary Figures S7 and S8.
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Group by Study name Statistics for each study Difference in means and 95% CI

Subgroup

within study Difference Lower Upper Relative

in means limit limit p-Value weight
ANA Tian Wet al, 2017 —-14.080 -54.431 26.271 0.494 - 100.00
ANA -14080  —54.431 26271 0.494 ——
EXE Tian Wet al, 2017 -36.480 -70.217 -2.743 0.034 — 7.87
EXE Francini G et al, 2006 -23.070 -50.037 3.897 0.094 - 12.32
EXE Gatti-Mays ME et al, 2016 -4.900 -28.694 18.894 0.686 —— 15.82
EXE Markopoulos C et al, 2009 —25.000 —41.098 -8.902 0.002 — 34.56
EXE Markopoulos C et al, 2008 —-16.000 —43.165 11.165 0.248 - 12.14
EXE Montagnani A et al, 2008 -21.400 —44.155 1.355 0.065 - 17.30
EXE 20771 -30235  —11.307 0.000 <@
LET Tian Wet al, 2017 -5.050 -75.553 65.453 0.888 0.23
LET Zidan J et al, 2010 10.000 6.637 13.363 0.000 . 9.77
LET 9.966 6.606 13.325 0.000 ‘
T™MX Francini G et al, 2006 2.760 -20.411 25.931 0.815 el — 4443
T™MX Markopoulos C et al, 2008 -8.000 -35.233 19.233 0.565 i 32.17
T™MX Montagnani A et al, 2008 3.600 -28.328 35.528 0.825 23.40
T™X —-0.504 —-15.950 14.941 0.949
-75.00 -37.50 0.00 37.50 75.00

Figure 4. Forest plot of TG after 12-month administration of Als and TMX. Pooled mean differences
were calculated between each study’s baseline and endpoint treatment times. Studies here are
stratified by Als (ANA, EXE, and LET) and TMX measured by mg/dL (p < 0.05). The size of each
box represents the weight contribution of the studies. The vertical lines represent the summary
points for the random effect model; diamonds represent overall differences in the means of TG
for each stratum. Al, aromatase inhibitor; ANA, anastrozole [44]; CI, confidence interval; EXE,
exemestane [31-34,42,44]; LET, letrozole [36,44]; TG, triglycerides; TMX, tamoxifen [31-33].

3.3.4. LDL-C after 12-Month Administration of Als and TMX

One publication for this lipid type and time interval was found for the ANA subgroup,
where the mean difference was —3.48 mg/dL (95% CI: —14.72-7.76 mg/dL, p = 0.54) [44].
The pooled differences in the means for the EXE and LET subgroups were 11.66 mg/dL (95%
CL: 1.85-2148 mg/dL, p = 0.02) and 1.13 mg/dL (95% CI: —0.80-3.07 mg/dL,
p = 0.25), respectively [31-34,36,42,44]. A 12-month TMX administration was found in
three publications, where the pooled difference in the means was —7.44 mg/dL (95% CI:
—21.26-6.37 mg/dL, p = 0.29) [31-33]. The heterogeneity was insignificant (1> = 0%) for
ANA and LET and substantial for EXE and TMX, indicated by 2 values of 73.13% and
75.64%, respectively. The detailed data are shown in Table 2, the forest plot for this sub-
group analysis is displayed in Supplementary Figure S9, and the funnel plots are shown in
Supplementary Figures 510 and S11.
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Table 2. Detailed results of Al and TMX subgroup analyses. Als, aromatase inhibitors; ANA, anastrozole; EXE, exemestane; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; LET, letrozole; TC, total cholesterol; TG, triglyceride; TMX, tamoxifen. Risk categories can be found in the
2018 AHA/ACC Guideline on managing blood cholesterol [45].

Lipid Treatment Als ]?ifference Lower Upper Number Nur.nber of Risk Category ~Risk Category Heterogeneity Analysis
Type Time and in Means Limit Limit p-Value of Studies Patients at at Baseline atEndpoint  Q.value P i 12 (%)
TMX (mg/dL) Baseline heterogeneity °
ANA 1.95 ~3.31 7.226 0.46 2 73 borderline borderline 0.001 0.96 0
high high
EXE —6.69 ~9.90 3477  <0.001 4 318 borderline above 1.41 0.70 0
high desirable
3 months . .
LET 5.16 3.473 6.85 <0.001 6 409 borderline borderline 4.63 0.46 0
high high
TMX ~23.17 ~39.57 —6.76 0.006 2 37 borderline borderline 1.41 0.23 29.11
TC high high
ANA 217 ~12.15 16.49 0.76 1 51 borderline borderline 0 1 0
high high
EXE 523 047 10.95 0.07 6 418 borderline borderline 9.63 0.08 48.12
high high
12 months i i
LET ~0.19 ~9.50 9.11 0.96 2 90 borderline borderline 1.90 0.16 47.43
high high
TMX ~12.36 3471 9.98 0.27 3 127 borderline borderline 19.64 <0.001 89.81
high high
above above
ANA —2.36 ~9.13 4.40 0.49 2 73 doa o 0.43 0.51 0
EXE 2.20 —0.77 5.18 0.14 4 318 above above 1.04 0.78 0
desirable desirable
LDL-C 3 months
LET 443 2.08 6.79 <0.001 5 394 above above 10.29 0.03 61.14
desirable desirable
TMX ~31.00 4690  —1509  <0.001 1 2 borderline above <0.001 1 0
high desirable
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Table 2. Cont.

Lipid  Treatment :‘;3 ]i)rilflf\?[g::se Lower Upper  , yyjue ~ Number II\’I:tT::lr)j; :tf Risk Category Risk Category Heterogeneity Analysis
Type i imi imi i i at Endpoint _ . 2 (o
yp Time TMX (mg/dL) Limit Limit of Studies Baseline at Baseline p Q-Value  Preterogeneity 1~ (%)
above above
ANA —3.48 ~14.72 7.76 0.54 1 51 desiable desiable 0 1 0
EXE 11.66 1.85 21.48 0.02 6 418 above borderline 18.61 0.002 73.13
desirable high
12 months
LET 113 ~0.80 3.07 0.25 2 90 above above 0.66 0.41 0
desirable desirable
TMX ~7.44 ~2126 637 0.29 3 127 borderline borderline 8.21 0.01 75.64
high high
ANA 5.39 2.71 8.07 <0.001 2 73 desirable high 0.62 0.43 0
N EXE ~7.05 —9.72 —4.38 <0.001 4 318 desirable desirable 2.11 0.54 0
3 months LET 0.53 —2.29 3.36 0.71 6 409 desirable desirable 90.19 0 94.45
TMX 2.61 —0.19 5.41 0.06 2 37 desirable desirable 0.14 0.70 0
HDL-C
ANA 2.32 ~3.20 7.84 0.41 1 51 desirable desirable <0.001 1 0
" N EXE —7.44 ~11.68 ~3.19 0.001 5 391 desirable desirable 22.37 <0.001 82.12
months LET 2.03 1.28 2.79 <0.001 2 90 desirable desirable 0.79 0.37 0
TMX ~0.76 ~3.85 2.33 0.62 2 62 desirable desirable 0.01 0.91 0
ANA ~25.63 3997  —1128  <0.001 2 73 boﬁegime desirable 0.16 0.68 0
3 months EXE —9.58 —14.90 —4.27 <0.001 4 318 desirable desirable 0.68 0.87 0
LET 2.06 —3.41 7.53 0.46 6 409 desirable desirable 9.64 0.08 48.14
TMX 34.564 25.87 43.25 <0.001 2 37 high high 0.71 0.39 0
TG ANA ~1408 5443 2627 0.49 1 51 borderline borderline 5 g9 1 0
high high
12 months EXE —20.77 —30.23 —11.30 <0.001 6 418 desirable desirable 2.95 0.70 0
LET 9.96 6.60 13.32 <0.001 2 90 borderline borderline 0.17 0.67 0
high high
TMX —0.50 —15.95 14.941 0.94 3 127 desirable desirable 0.43 0.80 0
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3.3.5. HDL-C after 3-Month Administration of Als and TMX

Pooled differences in the means were calculated for Als. The values for the ANA, EXE,
and LET subgroups were 5.39 mg/dL (95% CI: 2.71-8.07 mg/dL, p < 0.001), —7.05 mg/dL
(95% CI: —9.72-4.38 mg/dL, p < 0.001), and 0.53 mg/dL (95% CI: —2.29-3.36 mg/dL,
p = 0.71), respectively [35,36,38,40-44]. Two studies were included in the TMX subgroup,
and the mean difference was 2.61 mg/dL (95% CI: —0.19-5.41 mg/dL, p = 0.06) [35-43].
The related forest plot is shown in Supplementary Figure S12. Heterogeneity was unim-
portant in the ANA, EXE, and TMX subgroups, as indicated by 2 values of 0%. However,
heterogeneity was considerable for the LET subgroup (I> = 94.45%). Detailed data are
presented in Table 2. Funnel plots are shown in Supplementary Figures S1 and S13.

3.3.6. HDL-C after 12-Month Administration of Als and TMX

One study was included for the ANA subgroup, and the mean difference between
the baseline and treatment endpoint times was 2.32 mg/dL (95% CI: —3.20-7.84 mg/dL,
p = 0.41) [44]. The random effect model was used to calculate the pooled differences in
the means for the EXE, LET, and TMX subgroups, and the values were —7.44 mg/dL (95%
CL: —11.68-—-3.19 mg/dL, p = 0.001), 2.03 mg/dL (95% CI: 1.28-2.79 mg/dL, p < 0.001),
and —0.76 mg/dL (95% CI: —3.85-2.33 mg/dL, p = 0.62), respectively [31-34,36,42,44]. The
related forest plot is shown in Supplementary Figure S15. Heterogeneity was insignificant
for ANA, LET, and TMX, as indicated by 2 values of 0%. The heterogeneity for the EXE
subgroup was considerable (I = 82.12%). Detailed data are displayed in Table 2, and funnel
plots are shown in Supplementary Figure 516.

3.3.7. TG after 3-Month Administration of Als and TMX

The pooled differences in the means were calculated for Als using the random effect
model. The values for the ANA, EXE, and LET subgroups were —25.63 mg/dL (95% CL:
—39.97--11.22 mg/dL, p < 0.001), —9.58 mg/dL (95% CI: —14.90-—4.27 mg/dL,
p <0.001), and 2.06 mg/dL (95% CI: —3.41-7.53 mg/dL, p = 0.46), respectively [35,36,38,40—44].
Two studies were included as a TMX subgroup, and the pooled difference in the means was
34.56 mg/dL (95% CI: 25.87-43.25 mg/dL, p < 0.001) [35,43]. The related forest plot is shown
in Figure 3. Heterogeneity was unimportant in the ANA, EXE, and TMX subgroups, as
indicated by I? values of 0%. However, heterogeneity was moderate for the LET subgroup
(1 = 48.14%). Detailed data are presented in Table 2. Funnel plots are shown in Supplementary
Figures S17 and S18.

3.3.8. TG after 12-Month Administration of Als and TMX

One study was included for the ANA subgroup, and the mean difference between the
baseline and treatment endpoint times was —14.08 mg/dL (95% CIL: —54.43-26.27 mg/dL,
p = 0.49) [44]. The random effect model was used to calculate the pooled differences in the
means for the EXE, LET, and TMX subgroups, and the values were —20.77 mg/dL (95% CI:
—30.23-—11.30 mg/dL, p < 0.001), 9.96 mg/dL (95% CI: 6.60-13.32 mg/dL, p < 0.001), and
—0.504 mg/dL (95% CI: —15.95-14.94 mg/dL, p = 0.949), respectively [31-34,36,42,44]. The
related forest plot is shown in Figure 4. Heterogeneity was not crucial for EXE, LET, and
TMX, as indicated by 12 values of 0%. Detailed data are displayed in Table 2, and funnel
plots are shown in Supplementary Figures S19 and S20.

3.3.9. Subgroup Analyses of Aromatase Inhibitors LET and EXE

To see which aromatase inhibitor provided the most potent meta-analytic result, we
performed additional subgroup analyses and evaluated them based on criteria.

Thirty-two subgroup analyses were conducted with Als. Our meta-analytic criteria
were the significantly different endpoint lipid levels from the baseline (p < 0.05), the
highest number of included studies, symmetric funnel plots, a non-significant (p < 0.1) or
unimportant (I> = 0-40%) Q-value of heterogeneity, and the highest number of patients.
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Detailed results can be found in Table 2. Two subgroups of Als met the aforementioned
meta-analytic criteria and provided reliable interpretations.

Subgroup analysis of the LET 3-month treatment arm, which included 409 patients,
demonstrated a 5.16 mg/dL (95% CI: 3.47-6.85 mg/dL, p < 0.001) increase in serum TC
levels, where the pooled baseline value was 202.45 mg/dL (95% CI: 199.25-205.65 mg/dL)
[36,38,40,41,43,44]. The subgroup analysis is shown in Figure 2. According to the guide-
line, the overall baseline population was classified as the “borderline high” risk category
(200-230 mg/dL) for serum TC levels, which did not change at the end of the 3-month
administration of LET. Detailed data are listed in Table 2.

The second Al subgroup that satisfied all the criteria and demonstrated statisti-
cally significant lipid alterations was the EXE 12-month treatment arm, which included
418 patients. Serum TG levels exhibited a 20.71 mg/dL (95% CI: —30.23——11.30 mg/dL,
p < 0.001) decrease, and the pooled baseline value was 129.63 mg/dL (95% CI:
117.53-141.73 mg/dL) [31-34,42,44]. The subgroup analysis is shown in Figure 4. According
to the guidelines, the pooled baseline serum TG levels fell within the “desirable” risk cate-
gory (<150 mg/dL), which also did not change by the end of the 12-month administration
of EXE.

Of note, the observed lipid level reduction was consistent with the observed alterations
of the 3-month administration of the EXE subgroup; however, the criterion regarding the
maximum number of included studies was not satisfied. Here, the average of the pooled
baseline serum levels of 318 patients was 116.59 mg/dL (95% CI: 104.45-128.73 mg/dL),
and the difference at the endpoint was —9.58 mg/dL (95% CI: —14.90-—4.27 mg/dL,
p < 0.001). The subgroup analysis is shown in Figure 3. The resultant directions of lipid
changes in the 32 subgroup analyses are summarized in Table 3.

Table 3. Results of 32 subgroup analyses of 3- and 12-month Al and TMX administration.

Aromatase Inhibitors (Als) Tamoxifen (TMX)
ANA EXE LET
3-Months
3-Months 3-Months 3-Months
TC LDL-C HDL-C TG TC LDL-C HDL-C TG TC LDL-C HDL-C TG TC LDL-C HDL-C TG
- N 0200 N I t -
12-Months 12-Months 12-Months 12-Months
TC LDL-C HDL-C TG TC LDL-C HDL-C TG TC LDL-C HDL-C TG TC LDL-C HDL-C TG
. Y 03929090909 92§ O e N

Red color shows undesirable changes in lipid levels (1: elevated lipid level at the endpoint of administration
compared with baseline) according to the 2018 AHA /ACC Guidelines on managing blood cholesterol. Green color
shows undesirable changes in lipid levels (|: decreased lipid level at the endpoint of administration compared
with baseline) according to the 2018 AHA /ACC Guidelines on managing blood cholesterol. Als, aromatase
inhibitors; ANA, anastrozole; EXE, exemestane; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; LET, letrozole; TC, total cholesterol; TG, triglyceride; TMX, tamoxifen.

4. Discussion

Our study was intended to systematically and statistically encompass lipid changes in
Al-administered populations. = The meta-analysis included 15 publications and
1708 patients to reveal possible alterations in fasting lipid levels after 3- and 12-month
treatment periods with ANA, EXE, and LET.

After 3- and 12-month administrations, ANA consistently increased TC and HDL-C,
while LDL-C and TG decreased. Considering EXE, only LDL-C was consistently elevated,
and HDL-C and TG were also reduced. Further consistency in lipid level elevation was
concluded regarding LET in LDL-C, HDL-C, and TG. Interestingly, this phenomenon was
noticed when analyzing the lipid levels. Except for TC, increases of similar magnitude and
direction occurred over time in the subgroups if EXE was administered. By the end of the
12-month administration, the LDL-C, HDL-C, and TG levels increased by 5.3-, 1.05-, and
2.16-fold, respectively, compared with the levels during the 3-month interval; however,
subgroup TG completely satisfied all of the meta-analytical criteria. A possible explanation
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for this phenomenon could be the irreversible binding of EXE as a false substrate to the
aromatase enzyme.

In contrast, non-steroidal inhibitors ANA and LET reversibly bind to the active site
of the aromatase enzyme, inhibiting the transformation of androstenedione into estrone
and testosterone into estradiol [46]. Subgroup TMX decreased TC and LDL-C after 3- and
12-month administrations. This result is due to TMX having an agonistic estrogenic effect,
and it is beneficial to lipid levels [47].

Considering postmenopausal dyslipidemia, further estrogen reduction may contribute
to CVD risk, as bilateral ovariectomy studies have already demonstrated this associa-
tion [48,49]. Treatment guidelines involve third-generation Als. Thus, patients are typ-
ically administered them at least once, which raises concerns about the aggravation of
dyslipidemia-derived CVD risks [50]. The lipid-altering effect of estrogen receptor mod-
ulators was also analyzed, and the studies concluded that tamoxifen (TMX) reduced
lipoprotein(a); TC and LDL-C were decreased by raloxifene and fulvestrant after a 3-year
trial [51-54].

After performing the 32 subgroup analyses and based on our meta-analytic criteria,
we found that two of the subgroups provided the highest level of evidence based on
heterogeneity, significance, patient number, and funnel plot symmetry. TC was significantly
elevated in 409 patients by LET after the 3-month treatment, and TG was decreased in
418 patients after the 12-month administration of EXE. However, the risk category was
unchanged. One or more meta-analytical criteria were not satisfied in the 30 subgroups.
Furthermore, among the TMX subgroups, only the 3-month administration arm exhibited
a significant decrease in TC levels; however, the number of included studies and patients
and the heterogeneity did not satisfy our meta-analytical criteria.

Regarding the overall risk classification, only five subgroups exhibited alterations in
the risk category; therefore, changes did not occur in 85% of the subgroups. Furthermore,
there was no significant association between lipid levels and the duration of treatment.
The strength of our meta-analysis was that results were further evaluated based on meta-
analytic criteria, wherein EXE and LET provided the most potent evidence regarding TC
and TG, respectively. In their meta-analysis, Yang et al. [55] reported that exemestane
administration increased LDL-C (4.42 mg/dL) levels and decreased HDL-C (—6.03 mg/dL)
and TC (—5.40 mg/dL) levels, whereas EXE lowered TG levels (—14.60 mg/dL) in a shorter-
than-one-year period. These data align with our findings in the cases of LDL-C and HDL-C,
but a decrease in TC was reinforced at three months, unlike the 12-month treatment in
our analysis. The other difference is that we concluded that the TG level was significantly
lower after the 12-month treatment with EXE.

To summarize the analyses of the 32 subgroups, lipid changes during the 3-month
administration were mainly consistent with the 12-month administration of Als and TMX,
where LET and EXE changed the lipid profile rather undesirably. Desirable lipid changes
can only be found in the 3- and 12-month ANA and TMX treatment arms.

This meta-analysis has limitations mainly due to the analyzed studies. Several eligible
studies were statistically heterogeneous, with occasionally missing values. Consequently,
several selection steps had to be established to manage these missing data to construct
our meta-analysis, resulting in fewer included studies and patients. Furthermore, lipid
values were primarily measured in CLIA-approved laboratories; however, there were some
studies in which the methodology, standards, and measurement locations still needed to be
published. Nevertheless, the mentioned weaknesses were handled accordingly, resulting
in a robust and reliable analysis.

Based on the provided evidence, this study is the first comparative meta-analysis to
evaluate the effects of third-generation steroidal EXE and non-steroidal ANA and LET
on serum lipid TC, LDL-C, HDL-C, and TG levels. Due to the detailed analyses of the
included studies, our investigation successfully established a baseline population, han-
dling confounding factors so that the effects of Als and TMX on serum lipid levels could
be determined.
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In reviewing state-of-the-art treatment protocols, the aromatase inhibitors and tamox-
ifen drugs did not have any precautions for use regarding possible undesirable changes in
the blood lipid profile [56]. Our current meta-analysis studied a population where lipid
levels were essentially normal. Conversely, we observed a significant deterioration in the
lipid profile after letrozole and exemestane treatment. Still, this change in a population
with initially normal blood lipid values does not require a blood-lipid-regulating treatment.
Although we have no evidence, it is conceivable that patients treated with LET or EXE with
an initially unfavorable lipid profile warrant further attention.

5. Conclusions

In conclusion, our systematic review and meta-analysis have shed light on the intricate
relationship between Al therapy and lipid profiles in postmenopausal women with estrogen
receptor-positive breast cancer. Through the analysis of 15 studies involving 1708 patients,
we observed that specific Als, namely, letrozole and exemestane, are associated with
changes in serum total cholesterol and triglyceride levels, respectively. These findings
suggest that Al therapy can indeed influence lipid metabolism, although the clinical
significance of these alterations appears limited within the contexts explored in our review.

The implications of our findings for clinical practice are two-fold. First, pre-existing
dyslipidemia before Al treatment raises concerns about using EXE and LET in first-line
therapy for ER+ breast cancer. Second, we underscore the necessity and importance of
healthcare providers maintaining a vigilant approach to monitoring lipid levels in Al-
treated postmenopausal patients, particularly in those with pre-existing cardiovascular
risk factors or a significant family history of cardiovascular disease. The postmenopausal
condition in itself is a risk factor for undesirable lipid alterations; if we add to this pre-
existing dyslipidemia caused by cardiovascular risk factors, applying EXE and LET raises
concerns and may further deteriorate lipid levels according to our results, in which the
population was free from dyslipidemia.

Future research should further delineate the long-term cardiovascular impacts of Al
therapy, exploring both lipid-dependent and lipid-independent mechanisms. Such studies
are crucial for developing comprehensive, evidence-based guidelines that balance the
oncologic benefits of Al therapy with the potential metabolic and cardiovascular risks.
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TMX. Figure S12: Forest plot of HDL-C after 3-month administration of Als and TMX. Figure S13:
Funnel plot for publication bias among studies reporting HDL-C after 3-month administration of
EXE. Figure 514: Funnel plot for publication bias among studies reporting HDL-C after 3-month
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administration of EXE. Figure S17: Funnel plot for publication bias among studies reporting TG after
3-month administration of EXE. Figure S18: Funnel plot for publication bias among studies reporting
TG after 3-month administration of LET. Figure S19: Funnel plot for publication bias among studies
reporting TG after 12-month administration of EXE. Figure S20: Funnel plot for publication bias
among studies reporting TG after 12-month administration of TMX. Table S1: Search query for Web
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