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Effects of selected ERAAs on target tissues in humans 

Menopause 2014: Vol. 22, No. 7, pp. 786-796



Tissue selective estrogen complex (TSEC)

Menopause 2018 Vol. 25, No. 9, pp. 1033-1045



conjugated estrogens/bazedoxifene treatment &
vasomotor symptoms

JOURNAL OF WOMEN’S HEALTH
Volume 25, Number 11, 2016: 1102-1111
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Mean daily number of hot flashes

JOURNAL OF WOMEN’S HEALTH
Volume 25, Number 11, 2016: 1102-1111

Bazedoxifene



Mean daily hot flash severity score

JOURNAL OF WOMEN’S HEALTH
Volume 25, Number 11, 2016: 1102-1111
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JOURNAL OF WOMEN’S HEALTH
Volume 25, Number 11, 2016: 1102-1111
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Effect of years since menopause

JOURNAL OF WOMEN’S HEALTH
Volume 25, Number 11, 2016: 1102-1111
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Menopause-specific quality of life

JOURNAL OF WOMEN’S HEALTH
Volume 25, Number 11, 2016: 1102-1111
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Bazedoxifene & BMD & Fracture

Clinical Reviews in Bone and Mineral Metabolism (2018) 16:22–32
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Bazedoxifene & BMD & Fracture

Clinical Reviews in Bone and Mineral Metabolism (2018) 16:22–32
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BZD 20 mg & vertebral / non-vertebral fractures

Clinical Reviews in Bone and Mineral Metabolism (2018) 16:22–32
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SMART trials

Maturitas 80 (2015) 435–440 
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Main efficacy results for TSEC from the SMART trials 

Gynecological Endocrinology, 2018; 
34:10, 826-832
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Safety and Tolerability

Maturitas 80 (2015) 435–440 
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Rates of cumulative amenorrhea

Maturitas 80 (2015) 435–440 
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Effects of CE/BZD on BMD

Therapeutics and Clinical Risk Management 2016:12 549–562
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Breast pain during treatment

Therapeutics and Clinical Risk Management 2016:12 549–562
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Breast tenderness in daily diaries

Therapeutics and Clinical Risk Management 2016:12 549–562

Bazedoxifene



Bleeding/ spotting

Therapeutics and Clinical Risk Management 2016:12 549–562

Bazedoxifene



a new selective estrogen receptor modulator for the 
treatment of osteoporosis and vaginal atrophy

      

is well tolerated [39,49,50,57] . In general, adverse events were 

mild or moderate and usually resolved within a few days, 

without treatment discontinuation. Moreover, there were no 

changes in adverse event frequency or intensity with increas-

ing dose. In the comparative Phase II study, the adverse event 

profile of lasofoxifene was similar to that of raloxifene with 

respect to increases in hot flashes and leg cramps compared 

with placebo [46]. In the Phase III trials adverse events reported 

by more than 5% of lasofoxifene treated subjects included hot 

flashes, leg cramps and increased vaginal moisture [57,60].

Major general safety events of special interest for any 

SERM were also comprehensively addressed in Phase III 

clinical trials, as secondary end points [47,48]. There were two 

safety findings of note associated with lasofoxifene treatment: 

an increased incidence of uterine diagnostic procedures and 

an increase in venous thromboembolic events. Even though 

the larger clinical safety database from the PEARL trial did 

not show evidence of an increased risk of endometrial cancer 

or hyperplasia associated with the use of lasofoxifene for 

5 years, gynecologic adverse events occurred more frequently 

than placebo [47,48,60]. These included uterine polyps and 

endometrial hypertrophy, both considered benign findings, as 

well as an increased reporting of uterine prolapse. The latter 

was not confirmed by comprehensive and specific rating 

scales used to evaluate pelvic organ prolapse, nor was there a 

significant increase in prolapse surgery through 5 years of 

follow-up in the PEARL trial. Benign effects on the endo-

metrium were characterized by an approximate 1.5-mm mean 

increase in endometrial thickness and increased cystic echo-

texture on ultrasound, which are consistent with benign cys-

tic atrophy on biopsy [47,48]. These effects have been attributed 

to increased vascular permeability by lasofoxifene, which 

results in uterine imbibition and accumulation of fluid in 

both the glands and stroma of the endometrium. In the 

PEARL study, vaginal bleeding was reported with low  

frequency, but was more common in lasofoxifene-treated 

patients compared with placebo [47,48]. This small increase in 

vaginal bleeding, together with asymptomatic benign endo-

metrial findings detected in unplanned transvaginal ultra-

sound, contributed to the observed increase in diagnostic 

uterine procedures. During the 5 years’ follow-up of the 

PEARL study, lasofoxifene was associated with an approxi-

mate twofold increased risk of venous thromboembo-

lism [47,48,60]. Pulmonary embolism occurred less frequently 

than deep vein thrombosis (0.2% vs 0.8%, respectively) but 

was also significantly increased in lasofoxifene-treated patients 

compared with placebo (lasofoxifene 0.5 mg: h  4.49, 95% 

CI 0.97 – 20.79; lasofoxifene 0.25 mg: h  5.98, 95% CI 

1.33 – 26.72). Conversely, lasofoxifene was not associated 

with an increased risk of stroke [47,48].
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Expert Opin. Pharmacother. (2009) 10(13):2209-2220
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Compounds whose development has been suspended

• Lasofoxifene (= desmethyl dihydro analogue of nafoxidine): FDA 
registration for osteoporosis refused in 2005. In 2009 EU 
marketing authorization for the treatment of osteoporosis. 
Marketing authorization is no longer valid as a result of the 
“Sunset Clause”. The rights to lasofoxifene have recently been 
acquired by Sermonix Pharmaceuticals LLC with a view to 
restarting the development.

• Although several studies have found that lasofoxifene resulted 
in significant improvements in vaginal pH and vaginal 
maturation index, clinical development of this SERM is on hold.

J Reproduktions med Endokrinol_Online 2015; 12 (4)

Journal of Menopausal Medicine 2015;21:65-71
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Strenght of the antagonist and agonist effect of 
ospemifene compared with other SERMS 

European Review for Medical and Pharmacological Sciences 
2016; 20: 3934-3944 
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A non-estrogen selective estrogen receptor modulator
Intention to treat population / per protocol population

Maturitas 78 (2014) 91–98 

Ospemifene

The intent-to-treat (ITT) population, which consisted of all randomised participants 

who took at least one dose of the study medication. 

The per-protocol (PP) population completed at least 10 weeks of treatment, took 

≥85% of the study medication and did not have any other major protocol violation, 

vaginal infection or any other medical condition that would confound the primary 

efficacy assessment. 



Intention to treat population / per protocol population

Maturitas 78 (2014) 91–98 

Ospemifene

Change from baseline was determined as 

−3 being a change from ‘severe’ to ‘none’; 

−2 being either a change from ‘severe’ to ‘mild’ or from ‘moderate’ to ‘none’; 

−1 being either ‘severe’ to ‘moderate’, ‘moderate’ to ‘mild’, or ‘mild’ to ‘none’, and 

zero being no change. 

A change of 1 indicated a change from ‘moderate’ to ‘severe’, ‘mild’ to ‘moderate’, or ‘none’ to 

‘mild’. 



Week 1 / Week 12

Maturitas 78 (2014) 91–98 

Ospemifene



Female Sexual Function Index

Climacteric 2015; 18:2, 226-232

Ospemifene



Total score
Intention to treat population / dyspareunia

Climacteric 2015; 18:2, 226-232

Ospemifene

ITT - all randomized subjects who had received > one dose of the study 

medication 



Intention to treat population

Climacteric 2015; 18:2, 226-232
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dyspareunia

Climacteric 2015; 18:2, 226-232
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Overall Safety of Ospemifene in Postmenopausal 
Women from Placebo-Controlled Phase 2 and 3 Trials 

JOURNAL OF WOMEN’S HEALTH, 
2017
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JOURNAL OF WOMEN’S HEALTH, 
2017
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Comparison of the Effect of Intravaginal 6.5 mg (0.50%) 
DHEA (Prasterone), 0.3 mg Conjugated Equine Estrogens and 
10 μg Estradiol on the Decrease of Severity of Dyspareunia.

Journal of Steroid Biochemistry 
and Molecular Biology 174 (2017) 1–8

Prasterone



Comparison of the Effect of Intravaginal 6.5 mg (0.50%) DHEA 
(Prasterone), 0.3 mg Conjugated Equine Estrogens and 10 μg
Estradiol on the Improvement of Dyspareunia Over Placebo

Journal of Steroid Biochemistry 
and Molecular Biology 174 (2017) 1–8

Prasterone



Comparison of the Effect of Intravaginal 6.5 mg (0.50%) DHEA 
(Prasterone), 0.3 mg Conjugated Equine Estrogens and 10 μg
Estradiol on the Decrease of Severity of Vaginal Dryness

Journal of Steroid Biochemistry 
and Molecular Biology 174 (2017) 1–8

Prasterone



Comparison of the Effect of Intravaginal 6.5 mg (0.50%) 
DHEA (Prasterone) and 0.3 mg Conjugated Equine Estrogens 
on the Improvement of Vaginal Dryness Over Placebo

Journal of Steroid Biochemistry 
and Molecular Biology 174 (2017) 1–8

Prasterone



Serum DHEA remains well within normal postmenopausal 
values following intravaginal 0.50% DHEA 

Journal of Steroid Biochemistry & 
Molecular Biology 159 (2016) 142–153 

Prasterone



Serum testosterone shows no biologically significant 
change following intravaginal 0.50% DHEA 

Journal of Steroid Biochemistry & 
Molecular Biology 159 (2016) 142–153 

Prasterone



Serum estradiol remains well within normal 
postmenopausal values following intravaginal 0.50% DHEA 

Journal of Steroid Biochemistry & 
Molecular Biology 159 (2016) 142–153 

Prasterone



Effect of Intravaginal Prasterone on Sexual Dysfunction

J Sex Med 2015;12:2401–2412

Prasterone



J Sex Med 2015;12:2401–2412

Prasterone



J Sex Med 2015;12:2401–2412

Prasterone



J Sex Med 2015;12:2401–2412
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Effect of DHEA on vaginal dryness / pain at sexual activity
(ITT population)

CLIMACTERIC 2015;18:590–607

Prasterone



Effect of DHEA on irritation/itching (ITT population)

CLIMACTERIC 2015;18:590–607

Prasterone



Vaginal dryness

Menopause: 2009;Vol. 16, No. 5, pp. 907/922

Prasterone



Pain at sexual activity

Menopause: 2009;Vol. 16, No. 5, pp. 907/922

Prasterone



Effect of prasterone on MS or MBS pain at sexual activity

Maturitas 81 (2015) 46–56 

Prasterone



Effect of prasterone on MS vaginal dryness

Maturitas 81 (2015) 46–56 

Prasterone



Effect of prasterone on MS irritation/itching

Maturitas 81 (2015) 46–56 

Prasterone



Menopause: 2009; Vol. 16, No. 5, pp. 923/931

Prasterone



Menopause: 2009; Vol. 16, No. 5, pp. 923/931

Prasterone



Menopause: 2009; Vol. 16, No. 5, pp. 923/931

Prasterone



Menopause: 2009; Vol. 16, No. 5, pp. 923/931

Prasterone



Menopause: 2009; Vol. 16, No. 5, pp. 923/931

Prasterone



Menopause: 2009; Vol. 16, No. 5, pp. 923/931
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phyto-SERM – summary of laboratory studies

CLIMACTERIC 2014;17:1–8

DT56a



phyto-SERM – summary of laboratory studies

CLIMACTERIC 2014;17:1–8

DT56a



phyto-SERM – summary of laboratory studies

CLIMACTERIC 2014;17:1–8

DT56a



Summary of clinical studies

CLIMACTERIC 2014;17:1–8
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Summary of clinical studies

CLIMACTERIC 2014;17:1–8

DT56a



Femarelle (640 mg/d) twice daily for 8 weeks.

Taiwanese Journal of Obstetrics & Gynecology 55 (2016) 336-340

N=260

DT56a



Take away messages -1
• TSEC is associated with a clinically significant reduction in the 

number and severity of hot flashes (GRADE 2A). This efficacy is 
similar to that recorded with MHT.

• TSEC is associated with clinically significant improvements in 
health- and sleep-related quality of life (GRADE 2B). These 
improvements are similar to those observed with MHT.

• TSEC decreases dyspareunia and reduces vaginal dryness
compared to placebo. In addition, the use of TSEC involves
significant improvements in sexual health. However, isolated
VVA is not an approved indication for TSEC. Gynecological Endocrinology, 2018; 

34:10, 826-832



Take away messages -2
• TSEC is associated with a safe breast profile with the same

incidence rates of breast tenderness and effect on mammary
density as placebo (GRADE 2A).

• TSEC achieves high amenorrhea rates compared with placebo 
and significantly higher rates compared with MHT (GRADE 2A).

• TSEC exhibits a favorable endometrial safety profile with an
incidence of hyperplasia similar to that of placebo (GRADE 2A).

Gynecological Endocrinology, 2018; 
34:10, 826-832



Take away messages -3

JAMA October 24/31, 2017 Volume 318, Number 16



KEY CONCEPTS 

• This table provides visual comparisons of potential differences among TSEC, estrogen 
alone (oral), and EPT (oral) compared with raloxifene 

• Transdermal estrogen alone and transdermal estrogen with progestin are FDA approved 
and would have less venous thromboembolism (VTE) risk but are not included 

DIVE DEEPER 

• Estrogen alone increases risk of endometrial cancer, but paired with progesterone or 
BZA, the endometrium is protected 

• Raloxifene has no increased risk of endometrial cancer 
• Breast cancer was decreased with oral estrogen 
• There are no good randomized, controlled trials for risk of breast cancer with 

transdermal estradiol alone 
• Increased risk was found in Women’s Health Initiative (WHI) with CE 0.625 mg/ 

MPA 2.5 mg 
• No trial data on combined transdermal EPT 
• Raloxifene is protective on breast, and at 2 y, BZA/CE appeared neutral 
• All are protective against bone loss 
• All improved VVA except raloxifene used alone 
• Concern exists about VTE risk with oral estrogen alone, EPT, raloxifene, and probably 

CE/BZA  
• All have beneficial effects on cholesterol; oral CE increases triglycerides 
• Breast protection data was seen in WHI with CE 0.625 mg alone; it is not known 

whether transdermal estradiol has same benefit on breast or increases risk of breast 
cancer 

45 



KEY CONCEPTS 

• Because of differential effects at target tissues, SERMs have differing clinical effects 
• BZA/CE is approved to treat hot flashes and prevent bone loss 
• Tamoxifen and raloxifene are approved to prevent breast cancer 
• Raloxifene is approved to prevent bone loss and breast cancer 
• Ospemifene is approved for treatment of postmenopausal dyspareunia 
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KEY CONCEPTS 

• The TSEC BZA 20 mg/CE 0.45 mg is an FDA-approved estrogen agonist for treatment 
of hot flashes and prevention of bone loss 

• Randomized, controlled trials show relief of hot flashes, vaginal atrophy, and 
prevention of bone loss, comparable with traditional estrogen-progestogen therapy, 
without the need for a progestogen 

• Because of the estrogen antagonist properties of BZA, the BZA/CE combination 
appears neutral on the uterus and the breast  

 
DIVE DEEPER 

• Both doses CE 0.45 mg and 0.625 mg showed reduction in hot flashes, improvement 
in VVA, prevention of bone loss (no fracture data available), and low incidence of 
breast pain and tenderness similar to placebo 

• High rates of amenorrhea, similar to placebo and significantly better (less bleeding) 
than active comparator CE 0.45/MPA 1.5 in SMART 5 

• No evidence of uterine stimulation—no endometrial hyperplasia or cancer 
• Breast density at 1 y similar to placebo and significantly different from increases in 

breast density seen with active comparator in SMART 5  
• Limited data shows BZA 20 mg/CE 0.45 mg works across populations and other 

ethnic groups, but small numbers tested 

25 
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KEY CONCEPTS 

• Women who would not be good candidates for the TSEC BZA 20 mg/CE 0.45 mg 
include 

― Those with increased risk of blood clots  
― Those with prior breast or uterine cancer (not tested in those populations) 
― Those in whom a trial of the TSEC does not relieve vasomotor symptoms or vaginal changes 

• The FDA-approved TSEC BZA/CE has been tested in prospective, randomized, double-
blind, placebo-controlled trials of up to 2 y 

• There is no data about safety or efficacy in women on traditional EPT switched to 
TSEC 
 

DIVE DEEPER 

• BZA 20 mg/CE 0.45 mg was tested in healthy postmenopausal women 
• No randomized, controlled trials  on women at risk for venous thromboembolism or 

who had prior estrogen-sensitive cancers (breast, endometrium) 
• Cannot combine other SERMs/systemic estrogen because of potential increased risk 

of uterine cancer 
• BZA is sufficiently antagonistic to endometrium that it can be combined with 

systemic estrogen 
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