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ABSTRACT
Elagolix, a gonadotrophin-releasing hormone antagonist, is used in premenopausal women with endometriosis. There is a risk of bone
loss with elagolix, but the long-term effects of BMD loss later in life cannot be directly assessed and has not been quantified. To address
this gap in knowledge, this study indirectly estimated the impact of elagolix on postmenopausal fracture risk. BMD change in premeno-
pausal women with endometriosis treated with elagolix was modeled from the phase III program data (elagolix group) and used to sim-
ulate treatment effects on (fracture risk assessment tool estimated) 10-year risks of hip and major osteoporotic fracture in women ages
50 to 79 years from the 2005–2010 National Health and Nutrition Examination Survey (NHANES; N = 2303). Change in the proportion of
women reaching risk-based antiosteoporotic treatment thresholds was also estimated. For elagolix versus NHANES, median 10-year risk
ofmajor osteoporotic fracturewas 4.73% versus 4.70% inwomen ages 50 to 59 years, 7.03% versus 6.97% inwomen ages 60 to 69 years,
and 10.83% versus 10.68% inwomen ages 70 to 79 years. Median 10-year risk of hip fracture in these same groupswas 0.19% versus 0.18%
for women ages 50 to 59 years, 0.51% versus 0.49% for women 60 to 69 years, and 2.22% versus 2.14% for women 70 to 79 years. The
proportion of women reaching risk-based antiosteoporotic treatment thresholds caused by elagolix 150 mg daily for 12 months was
0.36% higher at age 50 to 59 years, 0.23% at age 60 to 69 years, and 1.79% at age 70 to 79 years. The number needed to harm was
643 for one additional hip fracture and 454 for one additional major osteoporotic fracture. Results were similar for elagolix 200 mg twice
a day for 3 months. In themodeled scenarios, elagolix hadminimal impact on long-term risk of fracture and reaching risk-based treatment
thresholds. © 2020 The Authors. JBMR Plus published byWiley Periodicals, Inc. on behalf of American Society for Bone andMineral Research
© 2020 The Authors. JBMR Plus published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research.
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Introduction

Endometriosis is a potentially disabling, long-term, estrogen-
dependent gynecological disorder characterized by growth

of endometrial tissue outside of the uterus.(1) Approximately
1 in 10 women of reproductive age in the United States suffer
from endometriosis.(2,3) Of these, 60% experience significant
chronic pain, including nonmenstrual pelvic pain, dysmenorrhea,

and dyspareunia, which can worsen over time.(4–7) The disease is
also associated with an increased prevalence of depression,
reduction in sexual satisfaction, disrupted personal relations,
and loss of work leading to substantial economic cost.(8,9)

Several treatment options have been available for this patient
population.(3,5,10) First-linemedications include pain relievers such
as nonsteroidal anti-inflammatory drugs, and estrogen/progestin-
combined contraceptives or progestin-only contraceptives.(11–13)
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Surgical procedures, such as laparoscopy to remove endometrio-
mas, can ameliorate symptoms in some women; however, pain
symptoms often recur.(14) Medical therapies, therefore, are the
mainstay option for long-term management.(13,15) For patients
with incomplete pain resolution after using first-line therapies,
treatment with a second-line hormonal therapy such as a
gonadotropin-releasing hormone receptor (GnRH) agonist or
antagonist may be initiated.(12) GnRH agonists first stimulate, then
inhibit ovarian-stimulating hormones to postmenopausal levels,
reducing endometriosis associated pain, but leading to side
effects that limit tolerability and the duration of use.(5) Elagolix
(brand name: Orilissa; AbbVie, North Chicago, IL, USA), an oral
GnRH antagonist, was approved by the US Food and Drug Admin-
istration (FDA) in July of 2018.(16,17) Elagolix enables a dose-
dependent reduction in estrogen, and has demonstrated efficacy
in alleviatingmoderate-to-severe endometriosis-related pain with
long-term sustained effects.(16,18,19) As a GnRH antagonist, elagolix
may also reduce BMD through its estrogen-reducing mechanism.

Low BMD is an important contribution to increased fracture
risk and osteoporosis, which is associated with a substantial eco-
nomic and societal burden.(20,21) In 2005, total costs attributed to
fractures were estimated to be $19 billion, with a projected
increase of >50% in annual fractures and their associated costs
by 2025 among those aged 65 to 74 years.(21) Although the prev-
alence of reduced BMD and the risk factors associated with bone
loss have been widely studied in postmenopausal women, there
is limited data available for premenopausal women, who would
not ordinarily undergo regular DXA screening for BMD measure-
ment.(22) Data on the impact of premenopausal BMD reduction
on long-term postmenopausal fracture risk are also largely una-
vailable, particularly of the magnitude seen in the elagolix devel-
opment program. Acknowledging this evidence gap, in 2017,
Binkley et al. published the results of a simulation exercise to
understand how therapies that affect BMD in premenopausal
womenmay impact the time to reach guideline-based treatment
thresholds for osteoporosis.(23) Although that study did not focus
on any specific therapies, it provided a framework for use if rele-
vant data were available and applied. To that end, the goal of this
study was to utilize the data from the elagolix development pro-
gram and the framework of Binkley et al. to estimate the impact
of premenopausal changes in BMD inwomen treatedwith elago-
lix on long-term, postmenopausal risk of major osteoporotic and
hip fracture and the proportion of women who reached the
threshold to initiate antiosteoporosis treatment at various ages.

Materials and Methods

Overview

In this study, premenopausal reduction and recovery in BMDcaused
by elagolix treatment was estimated using patient-level data from
the phase III clinical trials of elagolix. These trial-derived estimates
were then applied to observed postmenopausal BMD data from
the 2005–2010 National Health and Nutrition Examination Survey
(NHANES) to simulate postmenopausal BMD for a hypothetical
cohort of endometriosis patients who received elagolix treat-
ment.(24) Both the model and simulation assumed that patients
were not receiving antiosteoporotic medications that could reverse
BMD loss.

In NHANES, BMD was measured via Hologic QDR 4500A fan-
beam dual-energy X-ray absorptiometers (Hologic, Inc.,

Marlborough, MA, USA). The standardized protocol for NHANES
has been published previously(25); all other data were collected
through interview questionnaires and standardized physical
examinations performed by trained medical professionals.
NHANES data were previously collected with the approval of the
National Center for Health Statistics Research Ethics ReviewBoard
and anonymizedbefore release to the public. All participants pro-
vided informed consent prior to participation.

The FRAX (fracture risk assessment tool) DesktopMulti-Patient
Entry (version 4.0) was used to estimate the 10-year risks of major
osteoporotic fracture and hip fracture. Race-specific FRAX algo-
rithms for the United States were used. The analysis also esti-
mated the proportion of women who reached the thresholds
to initiate antiosteoporosis treatment per National Osteoporosis
Foundation guidelines based on 10-year risks of major osteopo-
rotic fracture and hip fracture.

Modeling approach to estimate elagolix-induced
premenopausal reduction and recovery in BMD

Theon-treatment reductionand theposttreatment recovery inBMD
in women exposed to elagolix was based on clinical trial data from
EM-I (NCT0162058), EM-II (NCT01931670), and their extension stud-
ies (EM-III: NCT02143713 and EM-IV: NCT01760954). EM-I and EM-II
were twodouble-blind, randomized, placebo controlled phase III tri-
als that evaluated the efficacy and safety of elagolix in women ages
18 to 49 years with surgically diagnosed endometriosis who experi-
enced moderate or severe endometriosis-associated pain.(16)

Patients inbothtrialswererandomizedintooneofthreeparalleldose
groups ina3:2:2 ratio to receiveeitherplacebo,elagolix150 mgonce
daily (QD), or elagolix 200 mg twice daily (BID) for 6 months. After
completion of EM-I and EM-II, qualified patients entered extension
studies (EM-III and EM-IV) that investigated treatment outcomes fol-
lowing an additional 6 months of treatment.(19) In EM-III and EM-IV,
patients on active treatment continued to receive the same dose of
elagolix, whereas patients administered placebo initially were ran-
domized into one of the two active dose groups in a 1:1 ratio. The
extension trials includedaposttreatment follow-upperiodof at least
6 months (ie, recoveryperiod).However, the recoverydata fromEM-
III (the extension study of EM-I) were only collected among women
who had >8% decrease in BMD. Therefore, to minimize bias based
on differential data collection, only the recovery data from EM-IV
(the extension study of EM-II) were used in the analysis.(19)

The analysis was conducted on a randomly selected sample of
85% of patients from the pooled population of the pivotal trials.
A linear cross-sectional regression model was fitted using the
baseline data from the elagolix and placebo arms of the EM-I
and EM-II trials to identify the demographics and clinical charac-
teristics associated with femoral neck BMD. Stepwise regression
with Bayesian information criterion (BIC) as the selection criterion
was used for variable selection.(26) Then, a linear mixed effects
model was fitted using the longitudinal data from the clinical tri-
als to estimate the effects of the elagolix dose, elagolix treatment
duration, and recovery duration on femoral neck BMD, adjusting
for the demographic and clinical characteristics identified in the
prior cross-sectional model.(27) The addition of quadratic terms
and interactions between treatment-related factors (elagolix
treatment duration, dosing, recovery period) and patient charac-
teristics did not improve model performance. These trial-derived
estimates for on-treatment reduction and posttreatment recov-
ery in BMD were used in the simulation described below.
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Simulation approach to estimate the effect of elagolix on
postmenopausal bone health

To assess the long-term effect of bone loss caused by elagolix,
postmenopausal BMD was simulated for a group of hypothetical
women aged 50 to 79 years who had received elagolix treatment
prior to menopause (ie, elagolix-treated group). Specifically, for
each woman, elagolix-exposed BMD was simulated by applying
the modeled on-treatment reduction and posttreatment recov-
ery in BMD from trial data to each observed BMD in the
2005–2010 NHANES data. FDA-approved treatment durations
are up to 24 months for 150-mg elagolix QD and up to 6 months
for 200-mg elagolix BID.(17) Two scenarios were simulated. In the
first scenario, all patients received 150 mg of elagolix QD for
12 months. In the second scenario, all patients received
200 mg BID of elagolix BID for 3 months. These 12-month
(150 mg QD) and 3-month (200 mg BID) durations were chosen
to reflect a realistic population-level average treatment duration

in the real-world. In both scenarios, all patients were assumed to
have 6 months of posttreatment recovery. BMD in a simulated
elagolix-exposed NHANES cohort was compared with the
observed BMD in the NHANES sample, which was used as a ref-
erent group for BMD in the absence of elagolix treatment.

FRAX was used to estimate the 10-year risk of osteoporotic or
hip fracture for the simulated elagolix-treated group and the ref-
erent group. FRAX is a previously validated tool that accounts for
BMD and other fracture risk factors to predict long-term osteo-
porotic and hip fracture risks.(28) Patient-level fracture risk factors
required by FRAX were assumed to be the same between the
elagolix-treated group and the referent group and were
extracted from the observed values in the NHANES data. The
proportion of patients recommended to initiate antiosteoporosis
treatment within the elagolix-treated group and the referent
group was calculated using the following thresholds: 10-year
probability of hip fracture ≥3% and 10-year probability of major
osteoporotic fracture ≥20%.(29)

Table 1. Elagolix-Induced Reduction and Recovery in BMD Estimated by the Longitudinal Mixed Effects Model

Estimate SE P value

Treatment duration (year) −0.0051 0.0024 0.035
Treatment duration (year) × recovery duration (year) −0.0003 0.0039 0.940
Treatment duration (year) × 200 mg BID (versus 150 mg QD) −0.0188 0.0036 < 0.001
Treatment duration (year) × recovery duration (year) × 200 mg
BID (versus 150 mg QD)

0.0086 0.0052 0.098

The model was adjusted for age, weight, race (white versus non-white), use of genitourinary system medication and sex hormones as medication, ane-
mia (versus no blood diseases), other blood diseases (versus no blood diseases), and ovary lesion.
BID = Twice daily; QD = once daily.

Table 2. Patient Characteristics in the Simulation Study, All Patients, and Patients Who Met the Criteria for Antiosteoporosis Treatment
After Simulated Elagolix Treatment

All patients

Patients who met threshold for initiation of
antiosteoporosis medication after elagolix treatment

150-mg QD
for 12 months

200-mg BID
for 3 months

N 2303 16 15
Age, years
Mean (SD) 63 (8) 69 (8) 68 (8)
Median (min, max) 62 (50, 79) 72 (54, 79) 71 (54, 79)

Race/ethnicity, n (%)
Black 507 (22.0%) 1 (6.3%) 1 (6.7%)
Hispanic 457 (19.8%) 4 (25.0%) 4 (26.7%)
White 1339 (58.1%) 11 (68.8%) 10 (66.7%)

BMI, kg/m2

Mean (SD) 29.05 (5.99) 25.62 (3.05) 25.52 (3.12)
Median (min, max) 28.49 (13.18, 53.89) 26.33 (19.38, 32.57) 26.15 (19.38, 32.57)

BMD T-score
Mean (SD) −1.0 (1.1) −2.1 (0.6) −2.2 (0.4)
Median (min, max) −1.0 (−4.4, 5.0) −2.2 (−2.8, −0.6) −2.2 (−2.8, −1.5)

Non-BMD FRAX factors, n (%)
Prior fracture 84 (3.6%) 0 (0.0%) 0 (0.0%)
Parental history of fracture/osteoporosis 500 (21.7%) 5 (31.3%) 4 (26.7%)
Current smoking 386 (16.8%) 5 (31.3%) 5 (33.3%)
Glucocorticoid use 105 (4.6%) 0 (0.0%) 0 (0.0%)
Rheumatoid arthritis 216 (9.4%) 1 (6.3%) 1 (6.7%)
Alcohol use (2+ drinks/day) 159 (6.9%) 1 (6.3%) 1 (6.7%)

Patients met the threshold to initiate antiosteoporosis treatment if their 10-year predicted risk of hip fracture was ≥3% or 10-year probability of major
osteoporotic fracture was ≥20%.
BID = Twice daily; QD = once daily.
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The differences in the fracture risks and the proportion of
patients who reached the thresholds to initiate antiosteoporosis
treatment were calculated between the simulated elagolix-
treated group and the referent group. The analysis was con-
ducted, separately, for the following age strata: (i) 50 to 59 years,
(ii) 60 to 69 years, and (iii) 70 to 79 years. Subgroup analyses
were conducted and stratified by percentiles of observed BMD
in the absence of elagolix treatment (ie, <25th percentile, 25th
to 75th percentile, >75th percentile). Number needed to harm
(NNH) was calculated for both hip fracture and major osteopo-
rotic fracture in both dosing groups.

Two sensitivity analyses were conducted. One explored the
impact of elagolix on BMD among a population of patients in
which 50% were treated with 150-mg QD elagolix for 12 months
and 50%were treated with 200-mg BID elagolix for 3 months. An
additional sensitivity analysis was conducted to determine the
effect of rheumatoid arthritis prevalence on long-term risks of
fracture.

All analyses, except for the FRAX calculation, were conducted
in SAS 9.4 (SAS Institute Inc, Cary, NC, USA).

Results

Elagolix-induced premenopausal BMD reduction and
recovery

Data from 999 study patients with nonmissing baseline BMD
were used to identify patient characteristics associated with pre-
menopausal femoral neck BMD levels in the cross-sectional
model. The identified patient characteristics included age,
weight, race, use of genitourinary system medication, and sex
hormones, blood diseases (eg, anemia, other blood diseases,
no blood diseases), and ovary lesion. A total of 764 patients with

2226 observations were used to build the longitudinal mixed-
effects model. The estimated effect sizes of elagolix doses, treat-
ment duration, and recovery duration that were used in the sim-
ulation of femoral neck BMD for hypothetical patients treated
with elagolix are provided in Table 1.

Patient characteristics in the simulation study

A total of 2303 women from the 2005–2010 NHANES database
were included in the analysis (Table 2). The mean age was
63 years (SD 8) and 58.1% were white. The mean BMI was 29.1
(SD 5.99), mean BMD T-score was −0.96 (SD 1.12), 3.6% had evi-
dence of prior fracture, and 21.7% had a parental history of frac-
ture or osteoporosis. Baseline BMD among patients in the
elagolix program was similar to baseline BMD among the
NHANES population of the same age group.

Impact of elagolix treatment on postmenopausal risk of
fracture

The 10-year risk of major osteoporotic fracture and risk of hip
fracture were slightly greater amongwomen aged 50 to 59 years
with simulated prior elagolix treatment compared with women
who were not treated with elagolix (Table 3). In women aged
50 to 59 years, the difference in median risk was 0.03% for major
osteoporotic fracture and 0.01% for hip fracture in the 150-mg
QD group. For the older age strata, the differences between
the elagolix-treated and the control group were greater,
although the increases in fracture risk based on the simulated
elagolix treatment were still <0.9%, even among women at the
highest risk (ages 70 to 79 years, BMD <25th percentile and
FRAX score >90th percentile in the absence of elagolix).

The difference in risk of osteoporotic fracture or hip fracture
between the elagolix-treated group and the comparator group
was similar in both elagolix-dosing scenarios (Table 3). More

Table 4. Impact of 150 mg Elagolix QD for 12 Months or 200 mg Elagolix BID for 3 Months on the Mean 10-Year Risk of Hip Fracture and
Major Osteoporotic Fracture and NNH Analysis

Age strata, years

Mean 10-year risk of fracture

Not treated with elagolix Treated with elagolix Difference NNH

150 mg QD for 12 months
50–59 (N = 830)

Hip fracture 0.45% 0.48% 0.03% 3979
Osteoporotic fracture 5.87% 5.93% 0.06% 1632

60–69 (N = 860)
Hip fracture 0.97% 1.01% 0.05% 2203
Osteoporotic fracture 8.40% 8.51% 0.11% 938

70–79 (N = 613)
Hip fracture 4.34% 4.49% 0.16% 643
Osteoporotic fracture 12.63% 12.85% 0.22% 454

200 mg BID for 3 months
50–59 (N = 830)

Hip fracture 0.45% 0.48% 0.02% 4252
Osteoporotic fracture 5.87% 5.93% 0.06% 1738

60–69 (N = 860)
Hip fracture 0.97% 1.01% 0.04% 2342
Osteoporotic fracture 8.40% 8.50% 0.10% 1000

70–79 (N = 613)
Hip fracture 4.34% 4.48% 0.15% 684
Osteoporotic fracture 12.63% 12.84% 0.21% 483

BID = Twice daily; NNH = number needed to harm; QD = once daily.

JBMR® Plus ESTIMATING THE EFFECT OF ELAGOLIX ON BONE LOSS? 5 of 9 n



specifically, the median risk of osteoporotic fracture caused by
elagolix treatment was almost the same for both elagolix doses
in younger age strata: 4.70% to 4.73% (ages 50 to 59 years) and
6.97% to 7.03% (ages 60 to 69 years). For the oldest age strata
(ages 70 to 79 years), the median risk of osteoporotic fracture
was 10.68% without elagolix, 10.82% for patients receiving
200-mg BID for 3 months, and 10.83% for patients receiving
1 year of 150-mg QD of simulated elagolix treatment. The
increase in the median risk of hip fracture caused by elagolix
treatment was similar for both dose and duration scenarios
across all age strata: change from 0.18% to 0.19% (ages 50 to
59 years), from 0.49% to 0.51% (ages 60 to 69 years), and from
2.14% to 2.22% (ages 70 to 79 years).

Among patients who were 70 to 79 years old and received a
simulated premenopausal dose of 150-mg elagolix QD for
12 months, the NNH was 643 for one additional hip fracture
and 454 for one additional major osteoporotic fracture. For the
200-mg BID scenario, the NNH was 684 for hip fracture and
483 for major osteoporotic fracture (Table 4).

Impact of elagolix treatment on reaching the thresholds to
initiate antiosteoporosis treatment

Overall, the proportion of patients reaching the risk-based
thresholds to initiate antiosteoporosis treatment increased
between 0.23% to 1.79% with simulated elagolix treatment
(Table 5). The effect generally increased with advancing age
(mean age among patients who reached the threshold to initiate
antiosteoporosis treatment because of elagolix treatment was
69 years old and 68 years old for the 150-mg QD and 200-mg
BID groups, respectively, compared with 63 years old for the
overall population), concurrent with decreasing BMD in the gen-
eral referent population (BMD T-score −2.09 in the 150-mg QD
group and −2.18 in the 200-mg BID group, compared with
−0.96 in the overall population; Table 2). The increase in the pro-
portion of women estimated to reach the threshold to initiate
antiosteoporosis treatment after elagolix 150-mg QD for
12 months was 0.36% at age 50 to 59 years, 0.23% at age 60 to
69 years, and 1.79% at age 70 to 79 years. Patients treated with
150-mgQD of elagolix for 1 year were observed to have a slightly
higher increase in the proportion of patients reaching the thresh-
olds to initiate antiosteoporosis treatment than the patients who
received 200-mg BID for 3 months in the 70- to 79-years-of-age
strata (1.79% versus 1.63%). The increase was the same for the
two dosing scenarios in the 50- to 59-years-of-age and 60- to
69-years-of-age strata (0.36% and 0.23%, respectively; Table 5).

Subgroup analysis

The impact of elagolix treatment on fracture risk was greater
among women with lower BMD (eg, postmenopausal BMD in
the absence of elagolix treatment <25th percentile; Table 3). Sim-
ilarly, the impact of elagolix on reaching the thresholds for anti-
osteoporosis treatment was greater for women with a lower
BMD relative to other women (Table 5). However, the increase
in the proportion of women who reached the treatment thresh-
olds between the elagolix-treated group and the control group
was still less than 2.0% across all age strata and in both
elagolix-dosing scenarios. No additional patients with postmen-
opausal BMD above the 75th percentile required antiosteoporo-
sis treatment as a result of elagolix treatment. Ta
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Sensitivity analysis

A sensitivity analysis was conducted by modeling the effect on
BMD on a population of patients in which 50%were treated with
150-mg QD elagolix for 12 months and 50% were treated with
200-mg BID elagolix for 3 months. The results were similar as
the dosing scenarios presented here (data not shown). The pro-
portion of NHANES patients with rheumatoid arthritis exceeded
the national prevalence; thus, another sensitivity analysis was
conducted by assuming that none of the patients had rheuma-
toid arthritis. Although the long-term risks of fracture were sys-
tematically smaller in this scenario, the differences between the
groups treated or not treated with elagolix remained the same
(data not shown).

Discussion

The present study used clinical trial data from the elagolix clinical
development program to quantify the on-treatment BMD reduc-
tion and after-treatment reduction, and then used a large real-
world data source (NHANES) to simulate expected changes in
long-term fracture risk and in the proportion of patients reaching
risk-based thresholds to initiate antiosteoporosis treatment in
premenopausal women treated with elagolix for moderate to
severe endometriosis pain. NHANES data were used in the simu-
lations because the NHANES performed DXA measurements on
women with a wide range of ages, regardless of risk factors or
indications, which allowed age-group-stratified analyses to dem-
onstrate the impact of elagolix on long-term fracture risks by
age. Additionally, the observed postmenopausal BMD in the
NHANES data reflected the impact of factors other than elagolix
on BMD over years. The simulations provided quantitative evi-
dence that although the impact of elagolix on the 10-year risk
of major osteoporotic fracture or hip fracture increases with
age, the average impact of elagolix following menopause is
small. The larger effects of elagolix in older women reflects
greater baseline FRAX scores attributable to age, resulting in
larger absolute increases for the same BMD reduction and mak-
ing it easier to reach the antiosteoporosis treatment threshold.
Further, this study found that exposure to elagolix during preme-
nopause in the defined dosing and duration scenarios here,
should have a minimal effect for most women on the likelihood
of meeting risk-based treatment guidelines. Finally, the impact
appeared to be similar in the exposure to 150-mg QD regimen
for 12 months and the exposure to 200-mg BID for 3 months.

These results have important clinical implications that can be
interpreted in several ways. First, the absolute change in risk of
postmenopausal fractures caused by elagolix exposure was
low, as evidenced by an NNH of over 450 for major osteoporotic
fractures and over 600 for hip fractures. For comparison, the NNH
for renal insufficiency in patients undergoing intensive blood
pressure control is 50.(30) With respect to statin use over 5 years,
the NNH was 125 to 250 for diabetes mellitus.(31) Additionally, in
women with low BMD, osteoporotic medications, such as
bisphosphonates, can mitigate this risk as they can reduce frac-
ture risk by 40% to 70%.(32) The results indicate that elagolix
has minimal impact on long-term bone health and outcomes,
which can help guide clinical decision-making regarding elagolix
treatment for endometriosis patients. Second, the impact of ela-
golix exposure in premenopausal women can be interpreted as
how many years sooner would a woman need to initiate antios-
teoporosis medication because of premenopausal bone loss. The
average femoral neck BMD for women aged 70 to 79 years is

0.664 g/cm2 (Hologic units). With that BMD, using FRAX, the
average woman reaches the 3% 10-year hip-fracture-treatment
threshold between 77 and 78 years of age. If a woman’s BMD is
3% lower (BMD of 0.644 g/cm2) based on premenopausal elago-
lix use, the treatment threshold is reached at age 75 to 76 years.
If a woman’s BMD is 6% lower (BMD of 0.624 g/cm2), the treat-
ment threshold is reached at age 74 to 75 years. Therefore, if
BMD in older ages is 6% lower because of premenopausal expo-
sure to elagolix, this would result in the need for antiosteoporosis
medication 2 to 4 years sooner.

Results from an analysis by Binkley et al. provide a framework to
aid this assessment.(23) Their simulation indicated that women with
a peak bone mass above the population median could withstand
up to a 10% decrease in BMD without altering the likelihood of
reaching thresholds for the initiation of antiosteoporosis treatment,
whereas women in the 25th percentile could tolerate up to a 4%
loss. Similar to the report by Binkley et al., the present study used
data fromNHANES as well as FRAX, a previously validated tool used
to predict long-term risks of osteoporotic and hip fractures. How-
ever, instead of assuming varying degrees of drug-induced BMD
losses as in Binkley et al., the present study was able to apply actual
trial-derived estimates from the elagolix development program to
model on-treatment BMD reduction aswell as posttreatment recov-
ery. Unlike the present study, Binkley et al. additionally used the tra-
becular bone score (TBS) to assess fracture risk. Although BMD is
traditionally used to assess fracture risk, TBS is a measure of bone
texture from spine DXA images that can be used as a BMD-
independent adjustment factor for FRAX to further classify fracture
risks.(33,34) Unfortunately, the role of TBS cannot be assessed in the
present study as it was not available from the trial data.

The impact of elagolix on long-term bone outcomes is impor-
tant to understand for informed benefit–risk decision-making.
The time between elagolix exposure in the premenopausal
period and the beginning of the risk window for postmeno-
pausal fracture could average three or more decades, making
direct evaluation of this safety question infeasible. Here, using
data from the pivotal development program and applying esti-
mates to a nationally representative population from NHANES,
this simulation found relatively minimal impact of treatment,
under the studied scenarios, on long-term fracture risk or time
to meeting risk-based treatment targets in the overall endome-
triosis population (as reflected by the NNH estimates). This is a
population-level study and should not be interpreted as an indi-
vidual risk-prediction tool.

Limitations

The findings of this study should be interpreted within the con-
text of certain limitations. First, because of the lack of real-world
data on postmenopausal BMD and fractures amongwomenwith
prior elagolix treatment, simulated data based on trial-derived
estimates, NHANES data, and the FRAX algorithm were used in
this study. The clinical trial data may not capture all potential
effect modifiers of elagolix on BMD and did not record non-
BMD measures of bone quality and microarchitecture (eg, TBS).
The factors that were not selected by the trial-derived models
based on model fit may impact the BMD changes. In addition,
factors not included in the FRAX algorithm (eg, the use of pain
control medications) may also contribute to long-term risk of
fractures, which were not considered in the study. Second,
although the approved duration of elagolix treatment is up to
24 months, the clinical trial experience included only 12 months
of treatment duration; therefore, the effects of longer-term
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treatment based on observed data could not be quantified. Sim-
ilarly, the effects of recovery were also limited by the availability
of follow-up data from the trials. Third, themodels estimating the
treatment effect of elagolix and the recovery effect aimed to cap-
ture the overall trend in BMD changes on an aggregate level,
rather than predicting changes in BMD for individual patients.
Fourth, the mean values reported in this study do not account
for the distribution of starting BMD and/or the distribution of
the loss and recovery of BMD. In addition, certain assumptions
have been made in the treatment simulation and the risk calcu-
lation. For example, one-half of the FDA-approved elagolix treat-
ment duration was used to account for the variety in treatment
duration in real-world practice; consumption of two or more
units of alcohol per day in the NHANES data was used to approx-
imate the risk factor “consumption of three or more units of alco-
hol per day” in the FRAX tool. Finally, because of limitations in the
data available in the NHANES database, thresholds for assess-
ment of recommendations to initiate antiosteoporosis treatment
were based solely on 10-year risks of osteoporotic and hip frac-
ture, whereas the guideline recommendations from the National
Osteoporosis Foundation are based on additional criteria, includ-
ing history of hip or vertebral fracture and T-score at the femoral
neck, total hip, or lumbar spine. This may limit the generalizabil-
ity of results concerning recommendation for antiosteoporosis
treatment.

Conclusions

Although there is a risk of bone loss with elagolix, the impact of
elagolix on the long-term risk of fracture and on the likelihood to
meet risk-based treatment thresholds was minimal and was sim-
ilar between the two approved elagolix dose and duration sce-
narios. The quantification of the long-term consequences of
elagolix related premenopausal BMD loss provides clinicians
and other stakeholders with additional quantitative information
about the risk–benefit profile of this endometriosis treatment.
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