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Abstract

Endometriosis is a prevalent condition in women that causes pelvic pain and fertility issues due to the growth of endometrial tissue outside the uterus during
menstrual cycles. Steroid hormones play a crucial role in the development and growth of endometriosis lesions; therefore, researchers have investigated
several effective drugs that target hormones for treating this disease. One such drug is bazedoxifene, but despite several animal studies, there has yet to be
a comprehensive evaluation of their combined results. A systematic search was conducted across several databases (Embase, PubMed, Scopus, and Web of
Sciences) to identify studies investigating the effectiveness of bazedoxifene in animal models of endometriosis. Meta-analysis was performed using the size
of endometriosis implants before and after drug administration in the case and control groups, along with the p-value of the associations. Begg’s and Egger’s
tests were used to assess publication bias. This study included four eligible studies consisting of 45 endometrial animal models and 35 control subjects.
The meta-analysis showed that bazedoxifene significantly reduced the size of endometriosis implants in animal models compared with the control group
(odds ratio: 0.122, 95% confidence interval: 0.050-0.298, p<0.001). Detailed investigation determined that there was no significant heterogeneity between
the studies (1’=38.81, and p-value of the Q test=0.179). However, according to Egger’s test, the study showed publication bias (p=0.035). This study found
that bazedoxifene is a promising treatment option for endometriosis in animal models. However, more research on animals and humans is required to
confirm these results.
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Oz

Endometriozis, adet dongtleri sirasinda uterus disinda endometrial dokunun btiytimesi nedeniyle kadmlarda yaygin bir durumdur ve pelvik agr ve
dogurganlik sorunlarina neden olur. Steroid hormonlar, endometriozis lezyonlarinin gelisiminde ve buytumesinde onemli bir rol oynadigindan,
arastirmacilar bu hastaligin tedavisinde hormonlara hedef olan bircok etkili ilact arastirmislardir. Bazedoksifen gibi bir ila¢c da bunlardan biridir, ancak
birka¢ hayvan calismasina ragmen, bunlarn birlesik sonuclarmin kapsaml bir degerlendirmesi henuz yapilmamistir. Endometriozis hayvan modellerinde
bazedoksifenin etkinligini arastiran calismalar1 belirlemek icin Embase, PubMed, Scopus ve Web of Sciences gibi birkac veritabaninda sistemik bir arama
yapildi. Meta-analiz, olgu ve kontrol gruplarinda ila¢ uygulamasindan 6nce ve sonra endometriozis implantlarinin boyutunu, iliskilerin p-degeri ile birlikte
kullanarak gerceklestirildi. Yaymn yanhligimi degerlendirmek icin Begg ve Egger testleri kullanildi. Bu arastirma, 45 endometrial hayvan modeli ve 35
kontrol grubundan olusan dort uygun calismayr icermektedir. Meta-analiz, bazedoksifenin endometriozis implantlariim boyutunu kontrol grubuna kiyasla
onemli olctide azaltigini gostermektedir (risk orani: 0,122, %95 guven araligi: 0,050-0,298, p<0,001). Detayl inceleme, calismalar arasinda anlamh bir
heterojenlik olmadigin: belirlemistir (1?=38,81 ve Q testinin p-degeri=0,179). Ancak, Egger'm testine gore, calisma yayin yanhhg gostermistir (p=0,035).

PRECIS: An investigation was conducted to analyze the effects of bazedoxifene on endometriosis animal models by a comprehensive review of the
existing literature.
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Bu calisma, bazedoksifenin endometriozis icin hayvan modellerinde umut verici bir tedavi secenegi oldugunu bulmustur. Bununla birlikte, bu sonuclart
dogrulamak icin hayvanlar ve insanlar tizerinde daha fazla arastirmaya ihtiyac vardir.

Anahtar Kelimeler: Hayvan modeli, bazedoksifen, endometriozis, meta-analiz

Introduction

Endometriosis is the presence of endometrial glands and
stroma-like lesions outside the uterus. It is a long-lasting and
debilitating condition linked to pelvic pain and infertility®.
Approximately 10% of women in their reproductive years
experience endometriosis, a condition that can be challenging
to diagnose because of its complexity and diverse symptoms®*.
Several theories have been proposed regarding the etiology
of endometriosis lesions. Some of them refer to the role of
steroids and their receptors in controlling cells within abnormal
endometrial lesions in endometriosis®. Research has revealed
that ectopic endometrial tissues can produce estrogen and
display variations in the expression of estrogen receptors,
enzymes, and molecular pathways associated with hormones.
These molecular changes play a crucial role in the formation
and growth of endometriosis lesions®®.

Over time, numerous treatment choices have emerged
for managing endometriosis. The primary aims of these
treatments were to reduce pain and inhibit hormonally active
endometriotic tissue”. These options encompass nonsteroidal
anti-inflammatory drugs and various hormonal therapies
such as combined oral contraceptives, progesterone-only
contraceptives,
aromatase inhibitors, and danazol®. Although these therapies
have shown considerable success, they come with undesired

gonadotropin-releasing hormone agonists,

side effects due to hormonal suppression and require vigilant
monitoring®”. One of the newly proposed hormone-effective
drugs for treating endometriosis is bazedoxifene™.
Bazedoxifene, a third-generation selective estrogen receptor
modulator (SERM), is used in combination with conjugated
estrogens to treat vasomotor symptoms related to menopause
and prevent postmenopausal osteoporosis'”. SERMs have a
unique ability to function as both activators and inhibitors.
They can activate estrogenic effects in specific tissues, such
as the bone and liver, while inhibiting estrogenic actions in
other areas, like the uterus and breast!V. Bazedoxifene did
not stimulate the endometrium in clinical trials, indicating its
exceptional endometrial safety"'?.

Various studies have explored the impact of bazedoxifene
on endometriosis in animal models, but the findings of these
studies have yet to be compiled and analyzed in a comprehensive
study. Therefore, we have decided to systematically analyze
animal studies in this research to better understand the effect of
bazedoxifene on endometriosis.

Materials and Methods

Search Strategy

Studies were identified through a comprehensive literature
search of Embase, PubMed, Scopus, and Web of Sciences (up
to February 16, 2024) using the keywords “Endometriosis”
and “Bazedoxifene” along with their respective synonyms.
Furthermore, the reference lists of the articles that were
retrieved were manually examined to discover any other
pertinent studies. There were no language restrictions imposed.

Study Selection and Data Extraction

The research papers were evaluated by two reviewers (RHM and
NA), and only those that met the inclusion and exclusion criteria
were selected. In cases of disagreement, a third- party (SF) was
consulted for resolution. Our main inclusion criteria were case-
control studies that investigated the effect of bazedoxifene on
endometriosis in animal models. In our study, the following
exclusion criteria were employed: 1) research without a control
group; 2) studies conducted on humans or in vitro; 3) letters,
editorials, abstracts, conference abstracts, and publications with
inadequate information. The information gathered was entered
into an Excel spreadsheet that contained the surname of the
first author, the study’s location and date, the total number
of cases, the number of controls, the race of the involved
animals, the age of the cases and controls, the method of drug
administration, the dosage of bazedoxifene administered, the
experimental plan, the average size of endometriosis implants
before and after drug administration in both case and control
animals, and the calculated p-values for the associations. The
key features of the selected studies are outlined in Table 1.

Assessing the Risk of Bias

Two authors (RHM and NA) assessed the quality of each
case—control study wusing the CAMARADES 10-item
quality checklist®?. A third reviewer (SF) was assigned the
responsibility of addressing any inconsistencies that may have
arisen. This checklist includes criteria such as 1) publication in
a peer-reviewed journal, 2) control of temperature, 3) random
allocation to groups, 4) allocation concealment, 5) blinded
assessment of outcome, 6) use of an anesthetic without intrinsic
neuroprotective activity, 7) use of comorbid animals, 8) sample
size calculation, 9) compliance with animal welfare regulations,
and 10) a statement of potential conflicts of interest. A quality
score of a maximum of 10 points was assigned to each study,
and a median quality score for the included studies was then
determined.
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Statistical Asnalysis

The CMA 3.0 software (Biostat, USA) was used to conduct
statistical analyses. Odds ratios (ORs) were calculated, along
with 95% confidence intervals (Cls), to evaluate the effect
of bazedoxifene on endometriosis by considering the size of
the endometrial implants before and after the treatment in
both the case and control groups, as well as the calculated p
values. The statistical heterogeneity among studies was assessed
using Cochran’s Q test and the I* statistic. The random-effects
model was used to combine the data in cases of heterogeneity,
whereas the fixed-effect model was employed when there was
no heterogeneity. To determine publication bias, a funnel plot
was created and Egger’s regression asymmetry test was applied.
A sensitivity analysis was conducted to assess the dependability
of the combined findings.

Ethics Statement

The purpose of this research is to analyze previously published
data, and there are no ethical concerns associated with this.

Results

Study Design and Description of the Included Studies and
Risk of Bias Assessment

After conducting a comprehensive literature search, 85 studies
were identified. After removing duplicates, 51 titles and
abstracts were reviewed. Of these, 19 studies were chosen for
a thorough evaluation of their full texts. Finally, after applying
the inclusion and exclusion criteria, four studies were deemed
suitable for inclusion in our meta-analysis. The details of
the literature screening process are shown in Figure 1. The
selected studies provided information on 45 animal models
with endometriosis and 35 animals in the control group. These
studies have reported estimates regarding the association
between the impact of bazedoxifene and endometriosis. The
quality of the studies was evaluated using the CAMARADES 10-
item quality checklist, as described in the methods section, and
the corresponding scores are displayed in Table 1. The median
quality score of the included studies was 6.5 (range 5 to 8).

Table 1. Basic characteristics of the included studies

Main Analysis

The studies conducted by Kulak et al.U¥, Naqvi et al.%?,
Sakr et al."9, and Lyu et al."” revealed that the mean size of
endometriosis implants in the bazodexifene treatment groups
was 21, 8.8, 8.7, and 24 mm?, whereas the control groups
had mean sizes of 60, 19.6, 31, and 48 mm?’, respectively.
The meta-analysis of these findings showed that bazedoxifene
causes a significant reduction in the size of endometriosis
implants in animal models compared with the control group
(OR: 0.122, CI 95%: 0.050-0.298, p<0.001). This suggests
that bazedoxifene may have valuable therapeutic properties
for treating endometriosis. Figure 2 displays the relevant forest
plot.

Records identified from:
Databases (n =85)

Embase: 15 Records removed before

: screening:
PubMed: 10 > Duplicate records removed
Scopus: 42 (n = 34)

Web of Science: 18

Records screened
i =51)

!

Reports excluded by screening
of titles or abstracts and
irrelevant (n= 32)

!

Excluded based on full text
screening by incomplete data or
inclusion criteria (n= 15)

Studies included in the meta-analysis
(n=4)

Figure 1. Flowchart for selection of studies

CAMARADES
quality
assessment
Score

Age of the
included
animals
(weeks)

Injected dose of
bazedoxifene

(mg/kg per day)

Rout of drug
administration

Number
Number of :

of . Type of animal

) included

included model

Cases controls
i(tujlléﬁ 2011  USA 10 10 CD1 female mice
I:tai\gs) 2014 USA 20 10 CD1 female mice
Sakr . 2014 USA 5 5 Fgmale C57BL/6
et al.® fee
Ie‘tyzl an 2015  China 10 10 Female rats
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Heterogeneity Analysis

Cochran’s Q test and the I* statistic were employed to assess
heterogeneity. The I-squared test resulted in a value of 38.81,
and the p-value for the Q test was 0.179. Based on these findings,
it can be concluded that there was no significant heterogeneity
among the studies. Therefore, a fixed-effects model was used to
analyze the data.

Publication Bias

A funnel plot was drawn to check for potential publication bias
(Figure 3). The funnel plot of the included studies displays some
asymmetry, which could be due to the small number of studies
analyzed. Furthermore, while the Begg and Mazumdar rank
correlation test did not show statistically significant results for
publication bias (p=0.308), the Egger’s test yielded significant
findings (p=0.035). These findings indicate that some studies
do not have been published because they did not achieve the
desired outcomes.

Sensitivity Analysis
To assess the strength of the estimated combined effect size,
we conducted a sensitivity analysis by systematically excluding

one study at a time and reevaluating the combined effect size
based on the remaining studies. The findings revealed that

Effect of bazedoxifene on endometriosis

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit  Z-Value p-Value weight
Kulak 2011 0.148 0027 0807 -2.208 0.027 27.51
Naqvi 2014 0.155 0.036 0.665 -2.510 0.012 37.38
Sakr 2014 0.003 0000 0.091 -3.345 0.001 6.90

Lyu 2015

0.182

0.122

0.034

0.050

0.971
0.298

-1.994
-4.630

0.046
0.000

Figure 2. Meta-analysis to investigate the effect of badoxifene on
the size of endometriosis graft lesions in animal models
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Figure 3. Begg’s funnel plots for the studies that evaluated the
effects of bazedoxifene on endometriosis

the combined effect remained consistent, suggesting that the
outcomes were not influenced by any individual study. This
outcome confirmed the validity of our findings.

Discussion

Endometriosis is a complicated and common women’s disease
that is difficult to treat because of various factors affecting its
progression'®. Bazedoxifene is a new treatment option for
endometriosis that has demonstrated promising results in
animal studies and several case reports of human patients.
This study aims to collect and analyze data on the effects of
bazedoxifene on animal models of endometriosis.

Our study showed that the size of endometriosis implants in
animals treated with bazedoxifene was significantly reduced
compared with the control group. The meta-analysis results of
the included studies consistent with their findings and validated
their conclusions. Kulak et al."®, Naqvi et al."”, and Sakr et
al."® in mice models, as well as Lyu et al."” in rat models, all
reported that bazedoxifene can decrease the size of endometrial
implants.

Some studies have attempted to uncover the underlying
mechanism of action of bazedoxifene in treating endometriosis.
Kulak et al."% found that bazedoxifene’s ability to reduce
estrogen-mediated cell proliferation is the reason for its
effectiveness in treating endometriosis. This is evidenced by the
decreased expression levels of estrogen receptor and proliferating
cell nuclear antigen. Nevi et al.® discovered that bazedoxifene
reduces the expression of estrogen receptor 1 without affecting
the expression of progesterone receptors. Sakr et al."'® reported
that bazedoxifene reduced stem cell recruitment and restored
endometrial engraftment. Furthermore, Hou et al."? showed
that VEGF, VEGFR2, and COX-2 expression levels were
significantly lower in endometriosis animal models treated with
bazedoxifene than in the untreated control group. This suggests
that bazedoxifene effectively reduces the vascularization and
expansion of endometriosis lesions.

Limited studies have investigated the effects of bazedoxifene
on endometriosis in humans. Flores et al.*® reported that a
combination therapy of bazedoxifene and conjugated estrogens
relieved pelvic pain in a patient with stage 11T endometriosis.
In a separate study, Hill et al.?? treated three patients with
endometriosis who did not respond to traditional drug therapy
by administering a combination of bazedoxifene, conjugated
estrogens, and leuprolide. The findings of these studies align
with the results obtained from our research, suggesting that
bazedoxifene may reduce endometriosis lesions and stop pelvic
pain and bleeding in these patients.

This study is the first systematic review and meta-analysis
that specifically examines the impact of bazedoxifene on
endometriosis in animal models. In addition, the studies
included in this research were highly homogeneous, which
enhanced the accuracy and reliability of the investigation results.
Our study has some limitations that we should mention. First,
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limited studies were available to conduct this research, and
repeating this investigation with more available studies would
be beneficial. Furthermore, the studies we analyzed in our
research only focused on the effect of bazedoxifene in reducing
the size of endometriosis implants in animal models. However,
to determine the complete efficacy of bazedoxifene in treating
endometriosis, it is essential for future studies to also evaluate
its ability to alleviate other symptoms, such as pelvic pain and
bleeding.

Conclusion

In summary, the findings of this research suggest that
bazedoxifene shows promising clinical effectiveness in treating
endometriosis in animal models, indicating its potential as a
future treatment option for this condition. However, further
research involving both animals and humans is imperative to
validate these results.
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