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Plain Language Summary 
Introduction: This study assessed the risk of venous thromboembolism (VTE) among 
women treated with ospemifene or another selective estrogen receptor modulator (SERM) 
therapy and women with untreated vulvar and vaginal atrophy (VVA). Numerous additional 
safety outcomes were examined.
Methods: This study was conducted in the IBM Watson MarketScan claims database. 
Women receiving ospemifene, another SERM, or with a new diagnosis of VVA with no 
treatment from 1 May 2013 to 2 October 2018 were followed through the claims for adverse 
outcomes, including VTE, cerebrovascular events (such as stroke), and other outcomes 
that might occur with use of a SERM. The analyses compared the risk of VTE between 
ospemifene and the other two groups, using methods that accounted for differences in 
patient characteristics between the groups. Because few women over 72 years old used 
ospemifene, the main analyses examined women aged 54–72 years.
Results: The analyses included 8,977 ospemifene users, 12,621 other SERM users, and 
242,488 women with untreated VVA. Among women aged 54–72 years, only 9 experienced 
a VTE during ospemifene treatment, while 55 other SERM users and 1,788 women with 
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Abstract
Introduction: The primary aim of this study was to compare the incidence of venous 
thromboembolism (VTE) among women initiating ospemifene vs other selective estrogen 
receptor modulator (SERM) therapies for estrogen-deficiency conditions or breast cancer 
prevention, and vs women with untreated vulvar and vaginal atrophy (VVA). The secondary 
objective examined numerous additional safety outcomes.
Methods: This was a retrospective cohort study using the IBM Watson MarketScan claims 
database. Women receiving ospemifene, another SERM, or with a new diagnosis of VVA 
with no treatment from 1 May 2013 to 2 October 2018 were followed through the claims for 
incident adverse outcomes. The primary outcome was the first occurrence of VTE following 
cohort entry; secondary outcomes included cerebrovascular events and other adverse 
events potentially associated with SERM use. Cox models compared the risk of VTE between 
ospemifene and comparators, using a variety of approaches to control for confounding.
Results: The incidence of VTE during the first continuous treatment episode was 3.39 (95% 
confidence interval [CI]: 1.55–6.43) events per 1,000 person-years (PY) for ospemifene 
(N = 8977), 11.30 (95% CI: 8.81–14.28) events per 1,000 PY for comparator SERM (N = 12,621), 
and 10.92 (95% CI: 10.49–11.37) events per 1,000 PY for untreated VVA (N = 242,488). Cox 
models indicated no increase in risk of VTE for ospemifene vs other SERMs (hazard ratio [HR]: 
0.40, 95% CI: 0.19–0.82), and vs untreated VVA (HR: 0.47, 95% CI: 0.24–0.91).
Conclusion: This real-world safety analysis found no increase in risk of VTE or other adverse 
events with use of ospemifene in postmenopausal women.
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untreated VVA had a VTE. The analyses that accounted for differences between the groups 
confirmed that the risk of VTE was no higher in ospemifene users than in either comparison 
group.
Conclusion: This real-world safety analysis found no increase in risk of VTE or other 
adverse events with use of ospemifene in postmenopausal women.

Keywords:  ospemifene, post-authorization safety study, selective estrogen receptor 
modulator, venous thromboembolism, vulvar and vaginal atrophy

Received: 21 February 2022; revised manuscript accepted: 13 October 2022.

Introduction
Selective estrogen receptor modulators (SERMs) 
are estrogen receptor agonists or antagonists used 
for various indications, including treatment of 
breast cancer, osteoporosis, and menopausal 
symptoms.1,2 SERMs have been linked to risk of 
venous thromboembolism (VTE), including deep 
vein thrombosis (DVT) and pulmonary embo-
lism (PE),3,4 possibly due to alteration of the 
coagulation pathway protein concentration.4

Ospemifene is an oral, non-steroidal SERM 
approved in the United States (US) in 2013 for 
treatment of moderate-to-severe dyspareunia, a 
symptom of vulvar and vaginal atrophy (VVA), 
due to menopause.2,5 Ospemifene received 
approval in Europe in 2015 for treatment of mod-
erate-to-severe symptoms of VVA in postmeno-
pausal women who are not candidates for local 
vaginal estrogen therapy.6,7

VVA is an underdiagnosed and undertreated con-
dition, and current therapies include systemic  
and local estrogens and lubricants/moisturizers; 
ospemifene is the only SERM approved for VVA.8 
The pivotal randomized, ospemifene clinical trials, 
and a meta-analysis of six randomized controlled 
trials, indicated that ospemifene 60 mg alleviated 
dyspareunia and vaginal dryness compared with 
placebo.9–16 The incidence of headaches, DVT, 
coronary heart disease, and cerebrovascular events 
(CVE) was similar between ospemifene and pla-
cebo,9 suggesting it was well tolerated.

Considering the known risk of VTE with 
SERMs, real-world studies of the risk of VTE 
with ospemifene are needed. The European 
Medicines Agency mandated a 5-year post-
authorization safety study (PASS) to examine  
the incidence of VTE and other outcomes 
among ospemifene users. We previously published 

interim descriptive results from this PASS, report-
ing a low incidence of VTE among ospemifene 
users, with no indication of an increased risk 
compared with other SERMs or untreated VVA.17 
This paper reports the final findings with com-
parative analysis results from the PASS.

Methods

Study design and data source
This was a retrospective cohort study using the 
IBM Watson MarketScan Commercial and 
Medicare Supplemental claims database from the 
United States, which contains information for 
more than 200 million covered lives. Medical and 
pharmacy claims data between 1 May 2012 and 
31 December 2018 were used for this study. 
Details of the study design have been reported 
previously.17

Study cohorts
Three cohorts of women aged ⩾54 years (as a 
conservative proxy for post-menopausal status) 
were identified from the MarketScan database 
from 1 May 2013 to 2 October 2018: ospemifene 
initiators, comparator SERM initiators (receiving 
raloxifene, bazedoxifene, or tamoxifen for breast 
cancer prevention or estrogen-deficiency condi-
tions), and an untreated VVA cohort. The index 
date was the drug start date for the treated cohorts 
and the initial VVA diagnosis date for the 
untreated group. Details of inclusion and exclu-
sion criteria have been reported previously,17 and 
are included in Supplementary Box 1.

Variable definitions
Exposure.  Exposure to ospemifene and other 
SERMs was defined using treatment episodes of 
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continuous medication use with no more than a 
30-day gap, as in the previous study.17 Exposure 
to different comparator SERMs was considered 
as a single exposure; switching among the com-
parator SERMs did not lead to a change in expo-
sure category.

Outcome.  The primary outcome was first occur-
rence of a diagnosis code for VTE, overall and 
categorized as DVT, PE, or retinal vein thrombo-
sis. Secondary outcomes included CVEs, endo-
metrial hyperplasia, endometrial cancer, pelvic 
organ prolapse, urinary incontinence, gallbladder 
events, atrial fibrillation, renal failure, renal carci-
noma, renal adenoma, liver tumors, thymic epi-
thelial tumors, increased triglycerides, and vaginal 
bleeding. Patients were followed for outcomes 
from the day after the index date until end of 
enrollment in the database or end of the study 
period (31 December 2018).

Covariates.  Demographic characteristics at index 
date and healthcare utilization from the 6 months 
before index were examined as in the previous 
interim analysis.17 Comorbidities that could be 
associated with VTE risk 18–27 were assessed from 
the 1-year baseline period, including atrial fibril-
lation, transient ischemic attack, hypertension, 
diabetes mellitus, atherosclerosis, immobility, 
congestive heart failure, obesity, chronic obstruc-
tive pulmonary disease, rheumatic disease, 
chronic kidney disease, inflammatory bowel dis-
ease, and inherited or acquired thrombophilia. 
Trauma and surgery were examined within 90 
days before index. Receipt of relevant medica-
tions during the baseline period were also noted 
as in the previous interim analysis.17

Statistical analysis
Descriptive analysis.  The incidence rate and Pois-
son 95% confidence intervals (CIs) of VTE dur-
ing the first continuous treatment episode for 
ospemifene and other SERMs and first episode of 
untreated time for the untreated VVA cohort were 
calculated. A Kaplan-Meier (KM) plot presented 
time to first event.

The incidence of VTE was also estimated during 
all follow-up time using an intention to treat 
(ITT) approach, and during the first 90 days of 
the first treatment episode (i.e. censored at 90 
days of follow-up). It was also calculated by type 

(DVT, PE, or retinal vein thrombosis) and by age 
at index date (54–72 years and ⩾ 73 years).

Similar analyses were performed for incidence of 
CVE, an important secondary outcome. The 
other secondary outcomes were assessed descrip-
tively, as number and percentage of patients 
experiencing each event and incidence rate with 
95% CI.

Comparative analysis during the first continuous 
treatment episode.  Univariable Cox models esti-
mated unadjusted hazard ratios (HRs) for treat-
ment group and each baseline variable. Covariates 
that modified the HR for treatment group 
by ⩾ 5% were included in the final model.

Since age, a major risk factor for VTE and CVE, 
varied considerably across treatment groups, 
comparative analyses were conducted only in 
women aged 54–72 years, representing approxi-
mately 99% of ospemifene users. Age was mod-
eled as a continuous variable and as age-squared 
to further adjust for this key confounder.

Sensitivity analyses.  Several sensitivity analyses 
were conducted. First, Cox models assessed VTE 
and CVE during all follow-up time (the ITT 
analysis) as well as during the first 90 days of the 
first treatment episode.

Another sensitivity analysis used propensity score 
methods that included all patients without age 
restriction. Logistic regression models were con-
structed with all baseline variables as predictors 
and receipt of ospemifene versus other SERMs 
(and separately, ospemifene vs untreated VVA) as 
the outcome. These models estimated each 
patient’s propensity for receiving ospemifene. 
Patients were matched 1:1 on propensity score 
using a nearest neighbor approach with a caliper 
of 0.2 times the standard deviation (SD) of the 
logit of the propensity score. Standardized differ-
ences assessed the balance between matched 
groups. Incidence rates and Cox models of VTE 
and CVE were rerun in the matched groups, 
using a robust variance estimator in the Cox mod-
els to account for the matching.

A final sensitivity analysis on VTE following 
ospemifene users from the VVA diagnosis date 
assessed the potential immortal time bias that the 
primary analysis might contain. Ospemifene use 
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was a time-varying exposure, and initiators lack-
ing a VVA diagnosis were assigned two imputed 
VVA diagnosis dates, defined as 10 days before 
ospemifene start (the median gap between diag-
nosis and ospemifene initiation for diagnosed 
patients) and 30 days before ospemifene start. 
The baseline and follow-up variables were rede-
fined using these VVA index dates. Cox models 
of VTE included any time prior to ospemifene 
start in the ospemifene-treated patients as 
untreated time.

Results

Cohort selection
A total of 31,405 women had a dispensing of 
ospemifene from 1 May 2013 to 2 October 2018. 
Approximately 30% were aged < 54 years and 
excluded. The final cohort included 8,977 women 
after applying further inclusion and exclusion cri-
teria. The comparator cohorts included 12,621 
initiators of a comparator SERM and 242,488 
women with untreated VVA (Supplementary 
Figure 1).

Characteristics of study cohorts
Mean age was 59.0, 63.7, and 62.3 years for the 
ospemifene, comparator SERM, and untreated 
VVA cohorts, respectively (Table 1). The most 
common comparator SERM was raloxifene 
(11,639 [92.2%]) followed by tamoxifen (982 
[7.8%]); no bazedoxifene use was found. During 
the 6 months before index, both comparator 
groups had higher frequency of physician and 
emergency room visits and hospitalizations than 
the ospemifene group. In the 1-year baseline 
period, hypertension was the most common 
comorbidity in all cohorts, followed by diabetes; 
antihypertensives and lipid-lowering therapy 
were the most commonly dispensed medica-
tions. The ospemifene cohort had the lowest 
frequency of most comorbidities and medica-
tion use.

Incidence of VTE
In the age 54–72 years subgroup, during the first 
treatment episode, 9 (0.1%) ospemifene users 
experienced a VTE, with an incidence rate of 
3.42 (95% CI: 1.57–6.50) events per 1000 per-
son-years (PY) (Table 2). In the comparator 

SERM cohort, 55 (0.5%) women developed a 
VTE, with an incidence of 10.56 (95% CI: 7.95–
13.74) per 1000 PY. VTE occurred in 1788 
(0.8%) women in the untreated VVA cohort; the 
incidence rate was 9.11 (95% CI: 8.69–9.54) per 
1000 PY. In all cohorts, most events were DVT, 
and retinal vein thrombosis was rare (Table 2). 
As expected, the incidence of VTE increased in 
women aged ⩾ 73 years in both comparator 
cohorts; however, the older age group in the 
ospemifene cohort was too small to identify any 
events. Among women aged 54–72 years with a 
VTE, the median time to event was 115, 105, and 
196 days for ospemifene, comparator SERMs, 
and women with untreated VVA, respectively 
(Supplementary Figure 2).

The ITT results were similar to the primary anal-
ysis (Table 2). During all available follow-up time 
among women aged 54–72 years, 33 (0.4%) in 
the ospemifene cohort developed a VTE, with an 
incidence of 4.54 (95% CI: 3.12–6.37) per 1000 
PY. The incidence for the comparator SERM 
cohort was 10.50 (95% CI: 8.60–12.70) per 
1,000 PY and 9.11 (95% CI: 8.69–9.54) per 
1000 PY for untreated VVA. Among women with 
a VTE, the median time to event was 195, 147, 
and 196 days for ospemifene, comparator 
SERMs, and women with untreated VVA, respec-
tively (Supplementary Figure 3).

Fewer than half of the VTE events in each cohort 
occurred during the first 90 days of the first treat-
ment episode. The incidence of VTE in women 
aged 54–72 years was lower than in the primary 
analysis for the ospemifene cohort, at 2.63 (95% 
CI: 0.72–6.73) per 1,000 PY, but largely the 
same as in the primary analysis for both compara-
tor cohorts.

Comparative analyses from first continuous 
treatment episode in women aged 54–72 years
Only age-squared modified the HR for treatment 
group by >5% when comparing ospemifene with 
other SERMs; therefore, it was the only covariate 
included in the adjusted model (Table 3). The 
adjusted model confirmed the lower risk of VTE 
for ospemifene vs other SERMs (HR: 0.40, 95% 
CI: 0.19–0.82). The comparison with untreated 
VVA included age-squared and hypertension as 
covariates, generating an HR of 0.47 (95% CI: 
0.24–0.91).
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Table 1.  Baseline characteristics of ospemifene initiators and comparators.

Characteristic Ospemifene Cohort 
(N = 8977)

Comparator SERM 
Cohort (N = 12,621)

Untreated VVA Cohort 
(N = 242,488)

Age at index datea, years

  Mean (SD) 59.0 (4.1) 63.7 (8.0) 62.3 (7.5)

  Median (IQR) 58 (56–61) 62 (58–67) 60 (57–65)

Age categories, years

  54–59 5435 (60.5) 4328 (34.3) 105,544 (43.5)

  60–65 3113 (34.7) 4675 (37.0) 78,901 (32.5)

  66–72 333 (3.7) 1785 (14.1) 32,514 (13.4)

  ⩾73 96 (1.1) 1833 (14.5) 25,529 (10.5)

Geographic region

  Northeast 1514 (16.9) 2593 (20.5) 66,639 (27.5)

  North Central 1665 (18.5) 3120 (24.7) 48,116 (19.8)

  South 4937 (55.0) 5091 (40.3) 87,189 (36.0)

  West 793 (8.8) 1670 (13.2) 38,062 (15.7)

  Unknown 68 (0.8) 147 (1.2) 2482 (1.0)

Index date, year

  2013 663 (7.4) 2931 (23.2) 52,976 (21.8)

  2014 2865 (31.9) 3623 (28.7) 69,896 (28.8)

  2015 2185 (24.3) 2395 (19.0) 47,345 (19.5)

  2016 1720 (19.2) 1917 (15.2) 31,514 (13.0)

  2017 961 (10.7) 1176 (9.3) 24,899 (10.3)

  2018 583 (6.5) 579 (4.6) 15,858 (6.5)

Index SERM

  Ospemifene 8977 (100.0) 0 (0.0) 0 (0.0)

  Raloxifene 0 (0.0) 11,639 (92.2) 0 (0.0)

  Bazedoxifene 0 (0.0) 0 (0.0) 0 (0.0)

  Tamoxifen 0 (0.0) 982 (7.8) 0 (0.0)

Measures of healthcare utilizationb

 � Number of physician visits, 
Median (IQR)

6 (4–11) 7 (4–13) 7 (4–12)

  Any emergency room visit 759 (8.5) 1,197 (9.5) 26,606 (11.0)

  Any hospitalization 177 (2.0) 369 (2.9) 7026 (2.9)

(Continued)
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Characteristic Ospemifene Cohort 
(N = 8977)

Comparator SERM 
Cohort (N = 12,621)

Untreated VVA Cohort 
(N = 242,488)

Baseline conditions associated with an increased incidence of VTEc

  Atrial fibrillation 78 (0.9) 246 (1.9) 6,165 (2.5)

  Transient ischemic attack 35 (0.4) 65 (0.5) 1552 (0.6)

  Hypertension 3020 (33.6) 4960 (39.3) 106,774 (44.0)

  Diabetes mellitus 942 (10.5) 1416 (11.2) 40,427 (16.7)

  Atherosclerosis 213 (2.4) 548 (4.3) 13,637 (5.6)

 � Trauma (within 90 days before 
index date)

743 (8.3) 1221 (9.7) 20,487 (8.4)

 � Surgery (within 90 days before 
index date)

42 (0.5) 86 (0.7) 1488 (0.6)

  Immobility 176 (2.0) 283 (2.2) 5188 (2.1)

  Congestive heart failure 38 (0.4) 164 (1.3) 3671 (1.5)

  Obesity 678 (7.6) 814 (6.4) 25,984 (10.7)

 � Chronic obstructive 
pulmonary disease

216 (2.4) 599 (4.7) 9585 (4.0)

  Rheumatic disease 338 (3.8) 467 (3.7) 8752 (3.6)

  Chronic kidney disease 173 (1.9) 387 (3.1) 7650 (3.2)

  Inflammatory bowel disease 103 (1.1) 145 (1.1) 2343 (1.0)

 � Inherited or acquired 
thrombophilia

6 (0.07) 13 (0.1) 449 (0.2)

Baseline dispensing of medications that potentially modify the incidence of VTEc

  Antihypertensives 3144 (35.0) 5146 (40.8) 102,194 (42.1)

  Glucose-lowering agents 775 (8.6) 1009 (8.0) 29,605 (12.2)

 � Anticoagulants or anti-
thrombolytic therapy

169 (1.9) 397 (3.1) 9140 (3.8)

  Antiarrhythmic therapy 34 (0.4) 82 (0.6) 1596 (0.7)

  Lipid-lowering therapy 2730 (30.4) 4605 (36.5) 80,002 (33.0)

  Progesterone therapy 120 (1.3) 42 (0.3) 1780 (0.7)

Note. Cell entries are n (%) unless otherwise specified.
IQR, interquartile range; SD, standard deviation; SERM, selective estrogen receptor modulator; VTE, venous 
thromboembolism; VVA, vulvar and vaginal atrophy.
aIndex date: first dispensing of ospemifene, first dispensing of comparator SERM, or first diagnosis of VVA
b183 days prior to and including index date
c365 days prior to and including index date

Table 1. (Continued)
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Table 2.  Frequency and incidence of VTE during first continuous treatment episode, all follow-up time, and first continuous 
treatment episode censored at 90 days by age category.

Ospemifene Cohort (N = 8977) Comparator SERM Cohort 
(N = 12,621)

Untreated VVA Cohort 
(N = 242,488)

  Patients with 
outcome, N (%)

IR per 1,000 
PY (95% CI)

Patients with 
outcome, N (%)

IR per 1000 
PY (95% CI)

Patients with 
Outcome, N (%)

IR per 1000 PY 
(95% CI)

Outcome

During First Continuous Treatment Episode

VTE (any type)

  Age 54–72 9 (0.1) 3.42
(1.57–6.50)

55 (0.5) 10.56
(7.95–13.74)

1788 (0.8) 9.11
(8.69–9.54)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–96.88)

15 (0.8) 15.24
(8.53–25.14)

625 (2.4) 25.41
(23.45–27.48)

Deep vein thrombosis

  Age 54–72 8 (0.09) 3.04
(1.31–6.00)

46 (0.4) 8.83
(6.46–11.77)

1464 (0.7) 7.45
(7.07–7.84)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–96.88)

13 (0.7) 13.21
(7.03–22.58)

503 (2.0) 20.38
(18.64–22.24)

Pulmonary embolism

  Age 54–72 2 (0.02) 0.76
(0.09–2.75)

11 (0.1) 2.11
(1.05–3.77)

402 (0.2) 2.04
(1.84–2.25)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–96.88)

5 (0.3) 5.07
(1.65–11.83)

140 (0.5) 5.61
(4.72–6.62)

Retinal vein thrombosis

  Age 54–72 0 (0.0) 0.00
(0.00–1.14)

2 (0.02) 0.38
(0.05–1.38)

49 (0.02) 0.25
(0.18–0.33)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–96.88)

0 (0.0) 0.00
(0.00–3.03)

34 (0.1) 1.36
(0.94–1.90)

During All Follow-up Time

VTE (any type)

  Age 54–72 33 (0.4) 4.54
(3.12–6.37)

106 (1.0) 10.50
(8.60–12.70)

1,792 (0.8) 9.11
(8.69–9.54)

  Age ⩾ 73 1 (1.0) 11.50
(0.29–64.08)

34 (1.9) 18.11
(12.54–25.31)

627 (2.5) 25.46
(23.51–27.53)

Deep vein thrombosis

  Age 54–72 29 (0.3) 3.99
(2.67–5.72)

91 (0.8) 9.01
(7.25–11.06)

1,467 (0.7) 7.45
(7.07–7.84)

  Age ⩾ 73 1 (1.0) 11.50
(0.29–64.08)

27 (1.5) 14.36
(9.46–20.89)

504 (2.0) 20.40
(18.66–22.26)

(Continued)
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Ospemifene Cohort (N = 8977) Comparator SERM Cohort 
(N = 12,621)

Untreated VVA Cohort 
(N = 242,488)

  Patients with 
outcome, N (%)

IR per 1,000 
PY (95% CI)

Patients with 
outcome, N (%)

IR per 1000 
PY (95% CI)

Patients with 
Outcome, N (%)

IR per 1000 PY 
(95% CI)

Pulmonary embolism

  Age 54–72 9 (0.1) 1.24
(0.56–2.35)

26 (0.2) 2.56
(1.67–3.76)

403 (0.2) 2.04
(1.84–2.25)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–34.45)

10 (0.5) 5.28
(2.53–9.71)

141 (0.6) 5.65
(4.75–6.66)

Retinal vein thrombosis

  Age 54–72 0 (0.0) 0.00
(0.00–0.41)

2 (0.02) 0.20 (0.02–
0.71)

49 (0.02) 0.25 (0.18–
0.33)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–34.45)

2 (0.1) 1.05 (0.13–
3.81)

34 (0.1) 1.36 (0.94–
1.90)

During First Continuous Treatment Episode Censored at 90 Days

VTE (any type)

  Age 54–72 4 (0.05) 2.63
(0.72–6.73)

22 (0.2) 10.23
(6.41–15.50)

460 (0.2) 8.93
(8.14–9.79)

  Age ⩾73 0 (0.0) 0.00
(0.00–169.45)

2 (0.1) 5.15
(0.62–18.60)

162 (0.6) 26.73
(22.77–31.17)

Deep vein thrombosis

  Age 54–72 3 (0.03) 1.97
(0.41–5.76)

19 (0.2) 8.84
(5.32–13.80)

374 (0.2) 7.26
(6.55–8.04)

  Age ⩾73 0 (0.0) 0.00
(0.00–169.45)

2 (0.1) 5.15
(0.62–18.60)

131 (0.5) 21.60
(18.06–25.63)

Pulmonary embolism

  Age 54–72 2 (0.02) 1.31
(0.16–4.75)

3 (0.03) 1.39
(0.29–4.08)

102 (0.05) 1.98
(1.61–2.40)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–169.45)

0 (0.0) 0.00
(0.00–7.71)

35 (0.1) 5.76
(4.01–8.01)

Retinal vein thrombosis

  Age 54–72 0 (0.0) 0.00
(0.00–1.97)

1 (0.009) 0.46
(0.01–2.59)

12 (0.006) 0.23
(0.12–0.41)

  Age ⩾ 73 0 (0.0) 0.00
(0.00–169.45)

0 (0.0) 0.00
(0.00–7.71)

6 (0.02) 0.99
(0.36–2.15)

Ages are in years
CIs calculated using the Poisson distribution
Patients eligible for outcome did not have outcome during baseline.
CI, confidence interval; IR, incidence rate; PY, person-years; SERM, selective estrogen receptor modulator; VTE, venous thromboembolism; VVA, 
vulvar and vaginal atrophy.

Table 2. (Continued)
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Sensitivity analyses
The ITT results were similar to the primary anal-
ysis for the comparison with other SERMs, 
although age did not act as a confounder; the HR 
for ospemifene was 0.45 (95% CI: 0.30–0.66) 
(Supplementary Table 1). In the comparison with 
the untreated cohort, age-squared and hyperten-
sion acted as confounders; the analysis revealed 
an attenuated effect size for ospemifene exposure, 
with an adjusted HR of 0.60 (95% CI: 0.43–
0.85). Censoring the first treatment episode at 
day 90 produced a somewhat stronger effect for 
ospemifene vs comparator SERMs than the pri-
mary analysis (adjusted HR: 0.29, 95% CI: 0.10–
0.88). The comparison with the untreated cohort 
censoring at day 90 estimated an adjusted HR for 
ospemifene of 0.37 (95% CI: 0.14–1.00).

The propensity score models indicated numerous 
predictors of treatment group. Of the 8977 
ospemifene users, 7547 (84.1%) were success-
fully matched to a comparator SERM user and all 
were matched to a woman with untreated VVA. 
Matching successfully reduced all standardized 
differences between baseline variables to < 0.10. 
The final Cox models were univariate models of 
treatment group. These models confirmed the 
lack of increase in risk of VTE with ospemifene 
relative to other SERMs (HR: 0.42, 95% CI: 
0.18–0.96) and untreated VVA (HR: 0.65, 95% 
CI: 0.31–1.38).

A VVA diagnosis was recorded at baseline for 
4483 (49.9%) ospemifene users. The index date 

for ospemifene users was set to the date of first 
VVA diagnosis, if present, or 10 days prior to 
ospemifene start if missing, and the inclusion/
exclusion criteria were applied to the new index 
date, retaining 7538 (88.4%) of the ospemifene 
users from the primary cohort. The adjusted Cox 
model estimated an HR for ospemifene exposure 
of 0.60 (95% CI: 0.34–1.07). Replacing the 
imputed VVA diagnosis date of 10 days prior to 
ospemifene start with an earlier date (30 days 
prior to ospemifene start) produced similar 
results, with an adjusted HR for ospemifene 
exposure of 0.66 (95% CI: 0.37–1.16).

Secondary outcomes
During the first treatment episode among the 
patients aged 54–72 years, the incidence of CVE 
was lower in the ospemifene cohort than compara-
tors (Supplementary Table 2). Both adjusted Cox 
models and Cox models comparing the propensity 
matched groups without age restriction indicated 
no difference in risk of CVE (Supplementary 
Table 3).

Only increased triglycerides occurred in >5% of 
the ospemifene cohort, at an incidence rate of 
209.46 (95% CI: 188.00–232.70) per 1000 PY. 
Uterine diagnostic tests and procedures occurred 
in 2.7% of the cohort, at an incidence of 91.32 
(95% CI: 79.75–104.10) per 1000 PY. No other 
outcomes occurred in > 1% of ospemifene users. 
Rates of each secondary outcome were generally 
similar across the three cohorts (Supplementary 
Table 2).

Table 3.  Adjusted Cox model of time to first venous thromboembolism during first continuous treatment 
episode, in women aged 54 to 72 years.

Characteristic Ospemifene vs. other SERM Ospemifene vs. untreated VVA

HR (95% CI) p-value HR (95% CI) p-value

Treatment group

Ospemifene 0.40 (0.19–0.82) 0.012 0.47 (0.24–0.91) 0.025

Comparator (other SERM or VVA) Reference – Reference –

Age, years

Age squared 1.00 (1.00–1.00) 0.02 1.00 (1.00–1.00) <0.0001

Hypertension – – 2.09 (1.89–2.31) <0.0001

Variables selected for final model are those that modify the HR for treatment group by at least 5%
CI, confidence interval; HR, hazard ratio; SERM, selective estrogen receptor modulator; VTE, venous thromboembolism; 
VVA, vulvar and vaginal atrophy.
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Discussion
In this retrospective analysis of real-world 
ospemifene use, the incidence of VTE was low, 
and less than half the rate among women receiv-
ing other SERMs or with untreated VVA. This 
pattern held true in the first continuous course of 
treatment as well as several modifications to the 
follow-up risk period and changes to the analytic 
approaches for reduction of confounding.

The ospemifene cohort was younger than the 
comparator cohorts, with lower prevalence of 
some known VTE risk factors (e.g. hyperten-
sion, atrial fibrillation, and chronic obstructive 
pulmonary disease).18–27 Hence, age restriction 
as well as adjustment were used for comparative 
analyses.

The Cox models confirmed the lack of increased 
risk of VTE with ospemifene relative to compara-
tor SERM or untreated VVA. In all comparisons 
with other SERMs, the risk of VTE was lower in 
the ospemifene cohort. The comparisons with 
untreated VVA did not consistently find a reduced 
risk of VTE with ospemifene (i.e. some 95% CIs 
crossed the null value), but found no indication of 
an increase in risk, regardless of the modeling 
approach used. The CVE analyses suggest that 
the use of ospemifene, regardless of age, was not 
associated with an increased risk of CVE relative 
to other SERMs or untreated VVA.

The finding that the SERMs differed with regard 
to the risk of VTE is not unexpected. Unlike estro-
gens, which are uniformly estrogen-receptor ago-
nists, the SERMs exert selective agonist, antagonist, 
or neutral effects on different target tissues. The 
effects depend on differential estrogen-receptor 
expression in a given target tissue, differential 
estrogen-receptor conformation on ligand binding, 
and differential expression and binding to the 
estrogen receptor of coregulator proteins.28

Since their therapeutic effects and indications are 
different,29 SERMs can also have different side 
effects. Therefore, their risks of inducing VTE 
can vary significantly. It is plausible that the risk 
of thromboembolism (originally identified for 
estrogens) was overestimated for some SERMs 
and overgeneralized as a class label effect, whereas 
in reality a broad spectrum of effects is likely. We 
would expect some SERMS to increase the risk of 
VTE, while others do not.

The results of this real-world analysis are consist-
ent with the ospemifene clinical development 
program, which found an incidence of VTE of 
3.65 (95% CI: 0.44–13.90) per 1000 PYs with 
ospemifene and 3.66 (0.09–20.41) per 1000 PYs 
with placebo.9–16,30 Also, the rates of CVE and 
other secondary outcomes were similar between 
groups in the ospemifene clinical trials,9–16,30 in 
line with the present study’s findings.

Limitations of the study include the use of claims 
data, which contain diagnosis codes used for bill-
ing purposes that may be inaccurate and primar-
ily represents large employers.31 Thus, findings 
may not be generalizable to individuals with 
other types of insurance or without health insur-
ance, as well as those from outside the United 
States. As VVA tends to be underreported,8 the 
untreated VVA cohort may represent women who 
report VVA symptoms to their healthcare provid-
ers and receive the diagnosis, but not all women 
with VVA. In addition, lifestyle factors for VTE, 
such as body mass index and smoking status, are 
not available in claims data. It is possible that 
women who take ospemifene engage in other  
health-improving behaviors, which may help reduce 
their risk of VTE and other adverse outcomes.

It is not known why the untreated VVA group did 
not obtain a prescribed treatment or why half of 
the ospemifene group had no recorded VVA diag-
nosis. Similarly, the other SERMs had a different 
indication than the ospemifene cohort. Various 
analytic approaches addressed these issues, 
although each carried its own limitations. The 
primary analysis of VTE during the first treat-
ment episode examined the most appropriate risk 
window and utilized a transparent, efficient 
covariate selection method; however, follow-up 
duration differed among the cohorts. Altering the 
risk windows to the first 90 days and to all follow-
up time supplemented the primary analysis of the 
outcomes, although the inherent imbalance in 
exposure durations and indications still existed.

Propensity score matching adjusted simultane-
ously for many variables and generated well-bal-
anced groups (among measured characteristics) 
but sacrificed some generalizability and precision 
of the estimates by excluding unmatched patients.

As the SERM class carries a known risk of VTE,3,4 
the finding of lower risk with ospemifene indicates 
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that it (in contrast to the other drugs in its class) 
is unlikely to increase the risk of VTE. The com-
parison with untreated VVA supports the inter-
pretation that ospemifene use was not associated 
with increased risk of VTE. All analyses produced 
point estimates of the HR for ospemifene vs com-
parators below 1.0, reinforcing the robust finding 
of no increase in risk of VTE. Residual confound-
ing from factors unavailable in claims data (e.g. 
smoking)32 may still exist, but the effect of any 
unmeasured confounder would have to be very 
large and very common to overturn these results.

Conclusions
The safety analyses of ospemifene use in real-
world medical practice found a low rate of VTE 
and other adverse outcomes, confirming the 
findings observed during the ospemifene devel-
opment program. The rate of VTE in ospemifene 
users was more than three times lower than the 
rate with other SERMs. The reduced risk of 
VTE with ospemifene relative to other SERMs 
persisted, although somewhat attenuated, after 
age restriction and adjustment through various 
analytical approaches. The reduced risk observed 
with ospemifene versus comparator SERMs 
from all analyses performed and consistent dif-
ferentiation observed between the Kaplan-Meier 
curves from the beginning strongly suggest that 
unlike other SERMs, ospemifene does not 
increase the risk of VTE. In contrast, several 
models comparing ospemifene with untreated 
VVA produced adjusted HRs with a 95% CI that 
crossed the null value, despite consistently show-
ing numerically lower incidence of VTE. The 
two sets of comparisons performed in this real-
world analysis clearly indicate that there is no 
increased risk of VTE with the use of ospemifene 
among postmenopausal women and suggests 
that the SERM-associated elevated risk of VTE 
does not apply to ospemifene.

Declarations

Ethics approval and consent to participate
The data are de-identified; thus, institutional 
review board approval and participant consent 
were not required.

Consent for publication
Not applicable.

Author contributions
Beth L. Nordstrom: Conceptualization, Formal 
analysis, Methodology, Project administration, 
Writing – original draft, Writing – review & editing.

Bin Cai: Conceptualization, Formal analysis, 
Methodology, Writing – review & editing.

Fabio De Gregorio: Conceptualization, Formal 
analysis, Methodology, Project administration, 
Writing – review & editing.

Lu Ban: Formal analysis, Methodology, Project 
administration, Writing – original draft, Writing 
– review & editing.

Kathy H. Fraeman: Conceptualization, Data 
curation, Formal analysis, Methodology, Writing 
– review & editing.

Yuki Yoshida: Conceptualization, Formal anal-
ysis, Methodology, Writing – review & editing.

Trevor Gibbs: Conceptualization, Formal anal-
ysis, Methodology, Project administration, 
Writing – review & editing.

Acknowledgements
The authors wish to thank Dr. Javier Gonzalez 
and Dr. Tiziana Di Paolantonio for their contri-
butions to the review and editing of this 
manuscript.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This study was 
funded by Shionogi.

Competing interests
The authors declared the following potential con-
flicts of interest with respect to the research, 
authorship, and/or publication of this article: 
B.C. is an employee of Shionogi Inc. F.D.G. and 
T.G. are employees of Shionogi B.V. Y.Y. is an 
employee of Shionogi & Co. LTD. B.L.N, L.B, 
and K.H.F. are employees of Evidera, which con-
ducted the study on behalf of Shionogi B.V.

Availability of data and materials
Extracts of the MarketScan data are available for 
purchase from IBM Watson.

ORCID iD
Beth L. Nordstrom  https://orcid.org/0000- 
0003-1743-9610

https://journals.sagepub.com/home/taw
https://orcid.org/0000-0003-1743-9610
https://orcid.org/0000-0003-1743-9610


12	 journals.sagepub.com/home/taw

Volume 13
Therapeutic Advances in 
Drug Safety

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Komm BS and Mirkin S. An overview of current 

and emerging SERMs. J Steroid Biochem Mol Biol 
2014; 143: 207–222.

	 2.	 Mirkin S and Pickar JH. Selective estrogen 
receptor modulators (SERMs): a review of 
clinical data. Maturitas 2015; 80: 52–57.

	 3.	 Dhital R, Poudel D, Timilsina B, et al. 
Risk of venous thromboembolism with 
selective estrogen receptor modulators for 
postmenopausal osteoporosis: a meta-analysis 
of randomized trials [Abstract]. Arthritis 
Rheumatol 2018; 70. https://acrabstracts.org/
abstract/risk-of-venous-thromboembolism-with-
selective-estrogen-receptor-modulators-for-
postmenopausal-osteoporosis-a-meta-analysis-of-
randomized-trials/

	 4.	 Adomaityte J, Farooq M and Qayyum 
R. Effect of raloxifene therapy on venous 
thromboembolism in postmenopausal women. 
A meta-analysis. Thromb Haemost 2008; 99: 
338–342.

	 5.	 Food and Drug Administration. Highlights 
of Prescribing Information: OSPHENA® 
(ospemifene) tablets, for oral use. https://
www.accessdata.fda.gov/drugsatfda_docs/
label/2019/203505s015lbl.pdf (2019, accessed 
June 2021).

	 6.	 European Medicines Agency. An overview of 
Senshio and why it is authorised in the EU. 
https://www.ema.europa.eu/en/documents/
overview/senshio-epar-medicine-overview_en.pdf 
(2019, accessed May 2021).

	 7.	 European Medicines Agency. Summary of 
Product Characteristics: Senshio 60 mg film-
coated tablets. https://www.ema.europa.eu/en/
documents/product-information/senshio-epar-
product-information_en.pdf (2015, accessed June 
2021).

	 8.	 Naumova I and Castelo-Branco C. Current 
treatment options for postmenopausal vaginal 
atrophy. Int J Womens Health 2018; 10: 387–395.

	 9.	 Di Donato V, Schiavi MC, Iacobelli V, et al. 
Ospemifene for the treatment of vulvar and 
vaginal atrophy: a meta-analysis of randomized 
trials. Part II: evaluation of tolerability and safety. 
Maturitas 2019; 121: 93–100.

	10.	 Archer DF, Goldstein SR, Simon JA, 
et al. Efficacy and safety of ospemifene in 
postmenopausal women with moderate-to-severe 
vaginal dryness: a phase 3, randomized, double-
blind, placebo-controlled, multicenter trial. 
Menopause 2019; 26: 611–621.

	11.	 Bachmann GA, Komi JO and Ospemifene Study 
Group. Ospemifene effectively treats vulvovaginal 
atrophy in postmenopausal women: results from 
a pivotal phase 3 study. Menopause 2010; 17: 
480–486.

	12.	 Goldstein SR, Bachmann GA, Koninckx PR, 
et al. Ospemifene 12-month safety and efficacy in 
postmenopausal women with vulvar and vaginal 
atrophy. Climacteric 2014; 17: 173–182.

	13.	 Portman D, Palacios S, Nappi RE, et al. 
Ospemifene, a non-oestrogen selective oestrogen 
receptor modulator for the treatment of vaginal 
dryness associated with postmenopausal vulvar 
and vaginal atrophy: a randomised, placebo-
controlled, phase III trial. Maturitas 2014; 78: 
91–98.

	14.	 Portman DJ, Bachmann GA, Simon JA, et al. 
Ospemifene, a novel selective estrogen receptor 
modulator for treating dyspareunia associated 
with postmenopausal vulvar and vaginal atrophy. 
Menopause 2013; 20: 623–630.

	15.	 Simon J, Portman D, Mabey RG Jr, et al. Long-
term safety of ospemifene (52-week extension) 
in the treatment of vulvar and vaginal atrophy 
in hysterectomized postmenopausal women. 
Maturitas 2014; 77: 274–281.

	16.	 Simon JA, Lin VH, Radovich C, et al. One-year 
long-term safety extension study of ospemifene 
for the treatment of vulvar and vaginal atrophy in 
postmenopausal women with a uterus. Menopause 
2013; 20: 418–427.

	17.	 Nordstrom BL, Cai B, De Gregorio F, et al. 
Incidence of venous thromboembolism among 
postmenopausal women prescribed ospemifene, 
selective estrogen receptor modulators for 
noncancer indications, or untreated vulvar  
and vaginal atrophy. Menopause 2020; 27: 
864–871.

	18.	 Dulicek P, Ivanova E, Kostal M, et al. 
Analysis of risk factors of stroke and venous 
thromboembolism in females with oral 
contraceptives use. Clin Appl Thromb Hemost 
2018; 24: 797–802.

	19.	 Enga KF, Rye-Holmboe I, Hald EM, et al. 
Atrial fibrillation and future risk of venous 
thromboembolism: the Tromso study. J Thromb 
Haemost 2015; 13: 10–16.

https://journals.sagepub.com/home/taw
https://acrabstracts.org/abstract/risk-of-venous-thromboembolism-with-selective-estrogen-receptor-modulators-for-postmenopausal-osteoporosis-a-meta-analysis-of-randomized-trials/
https://acrabstracts.org/abstract/risk-of-venous-thromboembolism-with-selective-estrogen-receptor-modulators-for-postmenopausal-osteoporosis-a-meta-analysis-of-randomized-trials/
https://acrabstracts.org/abstract/risk-of-venous-thromboembolism-with-selective-estrogen-receptor-modulators-for-postmenopausal-osteoporosis-a-meta-analysis-of-randomized-trials/
https://acrabstracts.org/abstract/risk-of-venous-thromboembolism-with-selective-estrogen-receptor-modulators-for-postmenopausal-osteoporosis-a-meta-analysis-of-randomized-trials/
https://acrabstracts.org/abstract/risk-of-venous-thromboembolism-with-selective-estrogen-receptor-modulators-for-postmenopausal-osteoporosis-a-meta-analysis-of-randomized-trials/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/203505s015lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/203505s015lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/203505s015lbl.pdf
https://www.ema.europa.eu/en/documents/overview/senshio-epar-medicine-overview_en.pdf
https://www.ema.europa.eu/en/documents/overview/senshio-epar-medicine-overview_en.pdf
https://www.ema.europa.eu/en/documents/product-information/senshio-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/senshio-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/senshio-epar-product-information_en.pdf


BL Nordstrom, B Cai et al.

journals.sagepub.com/home/taw	 13

	20.	 Heit JA, Spencer FA and White RH. The 
epidemiology of venous thromboembolism. J 
Thromb Thrombolysis 2016; 41: 3–14.

	21.	 van Vlijmen EF, Wiewel-Verschueren 
S, Monster TB, et al. Combined oral 
contraceptives, thrombophilia and the risk of 
venous thromboembolism: a systematic review 
and meta-analysis. J Thromb Haemost 2016; 14: 
1393–1403.

	22.	 Xu X, Chlebowski RT, Shi J, et al. Aromatase 
inhibitor and tamoxifen use and the risk of 
venous thromboembolism in breast cancer 
survivors. Breast Cancer Res Treat 2019; 174: 
785–794.

	23.	 Chen TW, Chen HM, Lin CH, et al. No 
increased venous thromboembolism risk in 
Asian breast cancer patients receiving adjuvant 
tamoxifen. Breast Cancer Res Treat 2014; 148: 
135–142.

	24.	 ESHRE Capri Workshop Group. Venous 
thromboembolism in women: a specific 
reproductive health risk. Hum Reprod Update 
2013; 19: 471–482.

	25.	 Hernandez RK, Sorensen HT, Pedersen L, et al. 
Tamoxifen treatment and risk of deep venous 
thrombosis and pulmonary embolism: a Danish 
population-based cohort study. Cancer 2009; 115: 
4442–4449.

	26.	 Meier CR and Jick H. Tamoxifen and risk of 
idiopathic venous thromboembolism. Br J Clin 
Pharmacol 1998; 45: 608–612.

	27.	 Previtali E, Bucciarelli P, Passamonti SM, et al. 
Risk factors for venous and arterial thrombosis. 
Blood Transfus 2011; 9: 120–138.

	28.	 Riggs BL and Hartmann LC. Selective estrogen-
receptor modulators – mechanisms of action and 
application to clinical practice. N Engl J Med 
2003; 348: 618–629.

	29.	 Pickar JH, MacNeil T and Ohleth K. SERMs: 
progress and future perspectives. Maturitas 2010; 
67: 129–138.

	30.	 European Medicines Agency. Assessment report: 
Senshio (ospemifene). https://www.ema.europa.
eu/en/documents/assessment-report/senshio-epar-
public-assessment-report_en.pdf (2015, accessed 
June 2021).

	31.	 IBM Watson Health. White paper: IBM 
MarketScan Research Databases for Health 
Services Researchers. https://www.ibm.com/
downloads/cas/6KNYVVQ2 (accessed May 
2021).

	32.	 Cheng YJ, Liu ZH, Yao FJ, et al. Current 
and former smoking and risk for venous 
thromboembolism: a systematic review and meta-
analysis. Plos Med 2013; 10: e1001515.

Visit SAGE journals online 
journals.sagepub.com/
home/taw

SAGE journals

https://journals.sagepub.com/home/taw
https://www.ema.europa.eu/en/documents/assessment-report/senshio-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/senshio-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/senshio-epar-public-assessment-report_en.pdf
https://www.ibm.com/downloads/cas/6KNYVVQ2
https://www.ibm.com/downloads/cas/6KNYVVQ2
https://journals.sagepub.com/home/taw
https://journals.sagepub.com/home/taw

