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ARTICLE

Exposure-Safety Analyses Identify Predictors of Change
in Bone Mineral Density and Support Elagolix Labeling for
Endometriosis-Associated Pain

Ahmed Abbas Suleiman’, Anmed Nader?*, Insa Winzenborg', Denise Beck', Akshanth R. Polepally?, Juki Ng®,
Peter Noertersheuser' and Nael M. Mostafa?

Elagolix is a novel oral gonadotropin releasing hormone receptor antagonist, that can suppress estradiol in a dose-dependent
manner. It is indicated for management of moderate-to-severe pain associated with endometriosis. A population exposure-
response model describing the relationship between elagolix exposure and changes in bone mineral density (BMD) was
developed using data from four phase Il studies in premenopausal women with endometriosis-associated pain. Elagolix
pharmacokinetic exposure-dependent changes in BMD were described by an indirect-response maximum effect (E_,)
model through stimulation of bone resorption. African American race, higher body mass index (BMI), and lower type-I col-
lagen C-telopeptide concentrations were significantly associated with higher baseline BMD. Higher BMI was significantly as-
sociated with higher bone formation rates. Simulations using the final model demonstrated that elagolix 150 mg q.d. dosing
for 24 months is predicted to result in —1.45% (-2.04 to —0.814) decrease from baseline in BMD and were used to support

corresponding dosing recommendations in the label.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Current treatment with gonadotropin releasing hor-
mone (GnRH) agonists for endometriosis can have delete-
rious effects on the bone mineral density (BMD), whereas
elagolix, a GnRH antagonist, has the potential to manage
endometriosis-associated pain, while minimizing the ef-
fects on the bones.

WHAT QUESTION DID THIS STUDY ADDRESS?

What are the main predictors of elagolix-mediated
changes in BMD, and what are the longer-term effects of
elagolix 150 mg g.d. dosing on BMD?

Endometriosis is a chronic, estrogen-dependent in-
flammatory disease that results from implantation of
endometrial-like tissue outside the uterus and affects
~ 5-10% of women of reproductive age.1 Symptoms
associated with endometriosis include dysmenorrhea, non-
menstrual pelvic pain, and dyspareunia, and less commonly
pain with ovulation, constipation, and painful urination.’
Currently, first-line treatment options include nonsteroidal
anti-inflammatory medications and oral contraceptives,
whereas second-line treatment options include progestins

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
African American race, body mass index, and baseline
type-1 collagen c-telopeptide levels are significant pre-
dictors of BMD. Elagolix exposures are significantly as-
sociated with increased changes in BMD with 24-month
treatment with 150 mg q.d. predicted to result in 1.45%
decrease from baseline BMD.

HOW MIGHT THIS CHANGE DRUG DISCOVERY,
DEVELOPMENT, AND/OR THERAPEUTICS?

The developed model sets a framework for future evalu-
ation of untested dosing and treatment scenarios as well as
the effects of GnRH antagonists on BMD with the potential to
extrapolate to other patient populations (e.g., uterine fibroids).

and gonadotropin-releasing hormone (GnRH) agonists. The
use of nonsteroidal anti-inflammatory medications has not
been supported by consistent evidence of clinical efficacy
in women with endometriosis.> Progestins are an effective
treatment for endometriosis-associated pain, but patients
receiving progestin therapy may experience undesirable
side effects, such as weight gain, mood changes, and ir-
regular bleeding."®* GnRH agonists are also effective for
managing pain associated with endometriosis; however,
these agents can result in significant hypoestrogenic
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effects, such as hot flush and significant loss of bone min-
eral density (BMD), which limits the duration of use.

Elagolix, an orally active non-peptide GnRH antagonist,’
has recently been approved for the management of mod-
erate-to-severe pain associated with endometriosis based
on its ability to suppress estrogen levels in a dose-depen-
dent fashion.®® In four phase IIl clinical studies (Elaris EM-I,
Elaris EM-II, Elaris EM-IIl, and Elaris EM-IV), elagolix doses
of 150 mg qg.d. and 200 mg b.i.d. reduced dysmenorrhea
and nonmenstrual pelvic pain in premenopausal women
with moderate-to-severe pain associated with endometrio-
sis."® In Elaris EM-I and Elaris EM-II studies, elagolix 150 mg
g.d. treatment groups showed mean changes from baseline
lumbar spine BMD at month 6 of —-0.32% (95% confidence
interval: —0.70 to 0.07) and -0.72% (95% confidence inter-
val: —1.09 to —0.35), respectively. The elagolix 200 mg b.i.d.
treatment groups showed mean changes from baseline
lumbar spine BMD at month 6 of —2.61% (95% confidence
interval: —3.00 to —2.22) and -2.49% (95% confidence inter-
val: —2.85 to —2.13), respectively.? Dose-dependent changes
in lumbar spine BMD were observed with both the elagolix
dose of 150 mg q.d. and the 200 mg b.i.d. dose.’ Elagolix
exhibits linear pharmacokinetics over the efficacious dose
range (150 mg g.d. to 200 mg b.i.d.) with an apparent termi-
nal elimination half-life of ~ 4-6 hours in healthy subjects.'®
The population mean apparent clearance of elagolix is
118 L/h with interindividual variability (IIV) of elagolix appar-
ent clearance being 42.5%.""

The analyses reported herein describe the relationship
between elagolix exposure and changes in BMD. A popu-
lation exposure-response model was developed using data
from the four phase lll studies in premenopausal women
with moderate-to-severe pain associated with endometri-
osis. The exposure-response model was used to evaluate
the effect of subject covariates on baseline and changes in
BMD, and to run simulations to predict BMD changes upon
treatment with elagolix 150 mg g.d. for 24 months.

METHODS

Participants and study design

The relationship between elagolix exposure and lumbar
spine BMD was evaluated using data from premenopausal

women with moderate-to-severe endometriosis-associated
pain who participated in two pivotal phase Il studies (Elaris
EM-I and Elaris EM-II), with subsequent optional enroliment
in two open-label extension studies (Elaris EM-IIl and Elaris
EM-IV). A description of the studies included in the analyses
is provided in Table 1, and details of the study designs and
BMD assessments have been reported previously."® Briefly,
in each of the pivotal studies, eligible women were randomly
assigned in a 2:2:3 ratio to receive elagolix 150 mg q.d.,
elagolix 200 mg b.i.d., or placebo for a 6-month treatment
period. Subjects were then monitored during a follow-up
period (no elagolix treatment) for up to 12 months, unless
the subject was enrolled in the corresponding 6-month ex-
tension study. In the extension studies, subjects who were
initially randomized to elagolix treatment arms in the original
pivotal study continued on the same dose; whereas subjects
originally randomized to placebo were randomized in a 1:1
ratio to receive either elagolix 150 mg g.d. or 200 mg b.i.d.

Study protocols were approved by the institutional review
boards of the study sites, and all the participants gave written
informed consent before participation. The studies were con-
ducted according to International Conference on Harmonization
Guidelines for Good Clinical Practice and the ethical principles
that have their origin in the Declaration of Helsinki.

BMD and bone biomarker assessments

Dual energy X-ray absorptiometry (DXA) scans of the lumbar
spine, femoral neck, and total hip utilizing GE Lunar or Hologic
equipment were performed at baseline and at 6-month inter-
vals during the treatment and follow-up periods of the 4 studies
and sent to a central reader for review and analysis. Laboratory
assessments of bone turnover biomarkers, including osteocal-
cin, type | collagen C-telopeptide (CTX), and procollagen type
| N-propeptide, were performed at baseline, month 3, and
month 6 of the treatment periods, and at months 3, 6, and 12
of the follow-up periods.

Model development

Elagolix exposures (monthly average concentrations (Cavg)
imputed from the model-predicted monthly area under the
curve (AUC)) were used to conduct the exposure-BMD
analysis. The exposures in this analysis were derived from

Table 1 Phase lll studies included in the elagolix exposure-response model for changes in BMD

Elagolix dose/treatment

Study N? Study design duration DXA scan assessments®
Elaris-EM | (pivotal) 871 Multicenter, double-blind, 150 mg q.d., 200 mg b.i.d., Screening, treatment period month 6,
[NCT01620528] placebo-controlled, randomized placebo/6 months follow-up period months 6 and 12
Elaris EM-II (pivotal) 814 Multicenter, double-blind, 150 mg q.d., 200 mg b.i.d., Screening, treatment period month 6,
[NCT01931670] placebo-controlled, randomized placebo/6 months follow-up period months 6 and 12
Elaris EM-III (extension 504 Multicenter, double-blind, open- 150 mg q.d., 200 mg Treatment period month 6, follow-up
of Elaris EM-I) label, randomized b.i.d./6 months period months 6 and 12
[NCT01760954]

Elaris EM-IV (extension 495 Multicenter, double-blind, open- 150 mg q.d., 200 mg Treatment period month 6, follow-up
of study Elaris EM-II) label, randomized b.i.d./6 months period months 6 and 12
[NCT02143713]

BMD, bone mineral density; DXA, dual energy X-ray absorptiometry; EM, endometriosis.
#Premenopausal women with moderate-to-severe endometriosis-associated pain. Subjects with at least one elagolix concentration and one BMD measure-

ment were included in the analysis.

®DXA scans of the lumbar spine, femoral neck, and total hip were performed utilizing GE Lunar or Hologic equipment and read by a central reader.
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a previously developed population pharmacokinetic model
for elagolix that was based on the same phase il studies."
Due to correlation between BMD measurements at different
sites (femoral neck, hip, and lumbar spine), analyses were
only conducted for lumbar spine BMD as the most sensi-
tive site for changes in BMD with GnRH antagonist therapy
(largest change from baseline in phase Il studies).’

The exposure-BMD model was built using nonlinear mixed
effects modeling in NONMEM version 7.3 compiled with the
GNU Fortran compiler (version 4.8.3). The infrastructure for
model development and evaluation of the final model was
a cluster featuring 42 Hewlett-Packard ProlLiant servers
under the OpenSUSE operating system with MOSIX Cluster
and Grid Management (version 4.4.0). Model parameters
were estimated using the first order conditional estimation
method with n-€ interaction as implemented in NONMEM.

Exposure-BMD modeling was conducted in a step-wise
manner, first developing the appropriate structural model
with the appropriate residual error model, followed by mod-
els for IIV, and then testing of clinically relevant covariates.

The model was conceptualized as an indirect response
model that described the change from baseline BMD and
assumed a baseline steady-state between bone formation
and resorption as follows:

dR(?)

ar =Kin = Kout #R (D) (1)

BMD(t)=BLBMD xR (t) )
and at baseline:

R©O)=1and K, ; =K, (3)

where dR(t)/dt is the change in BMD over time, K, is a
zero-order rate constant reflecting bone formation, K, is a
first-order rate constant reflecting bone resorption, BMD(t)
is the BMD at time (f), and R({) is the change in BMD from
baseline (BLBMD) at time (t).

Baseline BMD was modeled as a typical value for the
population with its associated IV, and a different baseline
value was estimated for each type of DXA scan machine
(Hologic and GE Lunar) used.

BLBMD, =TVBLBMD xe"i )

Where BLBMD, is the BLBMD for subject (), TVBLBMD is
the population estimate for BLBMD, and ), is the IIV term
assumed to rise from a normal distribution with mean 0 and
variance w? (i.e., n ~ N(0, w?)).

In order to characterize changes in BMD in women treated
with placebo, a placebo model was first developed using
data from the placebo arms in Elaris EM-I and Elaris EM-II.

A model that assumes no change in BMD (Eq. 5) from
baseline was then fitted to the placebo data.

dR(t)/dt=0 )

The model was then compared with another model that in-
cluded BMD change in subjects on placebo, described by
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the parameter (PLAC_EFF, Eq. 6) to reflect changes that
were not related to elagolix treatment.

dR(t)/dt=PLAC_EFF ®)

Once the placebo model that best described observed BMD
changes in the placebo arm was selected, the exposure-BMD
model was then built by fixing the model parameters that
described the placebo effect and adding the response to
elagolix treatment via an indirect response model that utilized
data from the active treatment arms from the four phase IlI
studies. Individual C, values were used as the exposure
metric for the exposure-BMD model based on preliminary
exposure-BMD regression analyses showing that elagolix av-
erage concentrations are better predictors of BMD changes
compared with other exposure measures, such as peak or
trough concentrations (data not shown). In addition, an ex-
posure-response relationship driven by elagolix average
exposures was deemed most appropriate given the mech-
anism of action of elagolix, which results in changes in BMD
due to sustained suppression of estrogen levels over time.
The effects of elagolix on BMD were modeled using a
stimulatory maximum effect (E_ ) function on the bone re-

sorption process (K, ,), as follows:

dR()
ot :Kin_Kout'(1 +

HILL
Emax® Cavg

HILL HILL
ECso " +Cayg

>-R(t)+PLAC_EFF (7)

where E_ . is the elagolix maximum stimulatory effect on
K..» ECsg is the elagolix monthly average concentration
producing 50% of maximum stimulation, and HILL is the
stimulatory E__ curve shape factor.

IIVs in model parameters were modeled using an expo-
nential model (similar to Eq. 4 and as indicated in Eq. 8), and
were only included if a statistically significant improvement
of the model fit was achieved (P < 0.01) and model stabil-
ity was maintained (successful minimization and covariance
step achieved).

Covariate effects were then investigated for influence
on the BMD model parameters. These were selected
based on clinical relevance to the BMD safety end point,
demographics (age, weight, body mass index (BMI), race
(African American vs. non-African American), tobacco use
(yes or no), alcohol use (yes or no), region (non-United
States vs. United States)), baseline characteristics (bone
turnover biomarkers (osteocalcin, CTX, and procollagen
type | N-propeptide), hormones (estradiol, progesterone,
luteinizing hormone, and follicle stimulating hormone con-
centration), screening Z-score, calcium use (yes or no),
vitamin D use (yes or no), and prior GnRH therapy (yes
or no). Covariate relationships were included in the model
in a multiplicative fashion. Continuous covariates, except
for the screening Z-score (SCZSCOR), were normalized to
a reference value (median value of the analyzed popula-
tion) and included in the model via a power function. The
screening Z-score was tested using a linear model with
a slope (85575005 iNstead of a power function because
negative values can be observed. Dichotomous covariates
were tested with a multiplicative model in order to obtain
the fractional difference of the model parameters between
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the tested groups. The clinical importance of covariate ef-
fects was inferred based on the magnitude and precision
of covariate parameter estimates.

Finally, individual model parameters were modeled as

elagolix 150 mg qg.d. for 24 months. The simulations were
implemented in MATLAB (R2015b 64 bit) and were run as
100 trials of 100 subjects each (total of 10,000 simulated
subjects) to have a sufficiently large simulation dataset to

follows: calculate summary statistics. For the simulation datasets,
patient demographics and baseline characteristics (base-
o —oe | TH (%% ™ T (1 1 ZSCOR i ZSCOR)) el
k=0 H *H( +0yq#COV, ) | *(1+05czscor * (SCZSCOR —median (SCZSCOR)) e ®)
poi ref, a2

where 6§, is the value of the kth parameter in the ith subject,
0, is the typical value of the kth parameter, n,, is the number
of continuous covariates, cov;, is the pth continuous co-
variate value in the ith subject, ref,is the median values for
the pth continuous covariate, 6§, ,is the pth continuous co-
variate parameter estimate for the kth parameter, n, is the
number of dichotomous covariates, Hk,qis the gth categori-
cal covariate parameter estimate for the fractional change
of the kth parameter, cov;is the gth categorical covariate
indicator value (0 or 1) for the jith subject, and 7, is the indi-
vidual-specific random effects for the kth parameter in the
ith subject. The #; values are assumed to be multivariate
normally distributed: n ~ N(O, wz), with mean vector 0 and
variance elements denoted by co,f for the kth parameter.

Residual variability was modeled using an additive, pro-
portional, or a combination of additive and proportional error
models as follows:

BMD,; =BMD,; +¢;, ©
BMD,, =BMD,, * (1+¢,)) (10)
BMD,; =BMD,,  (1+¢;;) +¢5 (1)

where BMD,.]. is the jth observed BMD measurement in in-
dividual i, B/I\Eij is the jth model-predicted BMD value in
individual /, and ¢; is the residual random error for individual
i and measurement j. The ¢ values were assumed to be in-
dependently and normally distributed with a means of 0 and
variances of 02: € ~ N(0, ).

Relevant covariate-parameter relationships were inves-
tigated using forward inclusion (P < 0.01) and backward
elimination (P > 0.001) covariate model building as imple-
mented in Perl Speaks NONMEM (version 4.6.0).

Model evaluation

The models were evaluated both during development and
after the model development was completed. Methods
used in model evaluation and selection included plausibil-
ity of model parameter estimates, goodness-of-fit plots,
visual predictive checks (VPCs), and bootstrap evaluation.
Details of VPCs and bootstrap evaluations are provided in
the Supplementary Methods.

BMD simulations for 2 years of treatment
The final exposure-BMD model was used to run simulations
to predict BMD changes upon continuous treatment with
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line BMD, race, and machine type (lunar or hologic)) were
simulated to resemble those of all subjects screened for en-
rollment in the phase Ill studies as a representative sample
of the general endometriosis patient population. Baseline
Z-score was calculated from sampled baseline BMD, age,
race, and machine type in order to capture the correla-
tion between baseline BMD and Z-score. IIV was sampled
according to the final model covariance matrix and the
model-estimated residual error was added to the simula-
tion results.

In order to calculate summary statistics, the mean
change in BMD and the mean Z-score was calculated
for each simulated trial replicate. Afterward, the mean
and confidence interval of the means by replicate was
determined.

RESULTS

Demographics

Data from all subjects who received elagolix and had at
least one elagolix monthly average concentration and one
observation record for BMD (N = 1684) were included in
the analysis. Summaries of demographic data for sub-
jects included in the analysis are presented in Table 2.
The mean age and BMI at baseline were 32 years and
27 kg/m?, respectively, mean BMD at screening was
1.2 g/cm?, and the mean Z-score was 0.4. Of the enrolled
subjects, 9% were African American. A total of 5,467 DXA
observations were included in the final exposure-BMD
analysis. Sixty-four observations were excluded (from a
total of 5,531) because they were scanned using a differ-
ent type of machine from that used at screening for the
same patient.

Exploratory BMD plots

The observed BMD data indicated that the distribution of
% BMD change from baseline at month 6 for placebo and
elagolix 150 mg g.d. dosing were very similar (Figure S1).
For the elagolix 150 mg q.d. dose at month 12, the dis-
tribution of % BMD change from baseline continued to
substantially overlap with that observed with placebo and
the elagolix 150 mg g.d. at month 6 (Figure S2). For the
elagolix 200 mg b.i.d. dose, there was a change in BMD
of the lumbar spine observed at month 6 compared with
placebo and to the elagolix 150 mg g.d. dose (Figure S1).

Exposure-BMD final model

The initial placebo model describing observed BMD
changes over time in subjects in the placebo arm was
a constant baseline model. The constant value was es-
timated as a population mean (for each type of DXA



Table 2 Summary of demographics and baseline characteristics of

subjects included in the analysis

Variable Total (N = 1,684)
Age, years
Mean (SD) 32.3 (6.5)
Range 18.0-49.0
Weight, kg
Mean (SD) 74.4 (18.0)
Range 40.0-148.0
Body mass index, kg/m?
Mean (SD) 27.6 (6.5)
Range 16.2-55.6
Race, N (%)

Non-African Americans
African Americans

BMD (lumber spine) at screening, g/cm?
Mean (SD)
Range

Z-score at screening
Mean (SD)
Range

Estradiol at baseline, (pg/mL
Mean (SD)
Range

Progesterone at baseline, ng/mL
Mean (SD)
Range

Luteinizing hormone at baseline, IU/L
Mean (SD)
Range

Follicle stimulating hormone at baseline, IU/L
Mean (SD)
Range

CTX at baseline, pg/mL
Mean (SD)
Range

PINP at baseline, ng/mL
Mean (SD)
Range

Osteocalcin at baseline, ng/mL
Mean (SD)
Range

Concomitant use of calcium, n
No
Yes

Concomitant use of vitamin D, n
No
Yes

Tobacco use, n
Never, ex-user, unknown
User

Alcohol use, n
Never, ex-user
User

Prior GnRH therapy, n
No
User

1,538 (91.3%)
146 (8.7%)

1.2(0.2)
0.8-1.7

0.4 (1.0)
—2.0to0 4.4

79.6 (73.2)
3.2-624.0

0.6 (2.2)
01-26.4

8.0 (9.6)
0.2-118.8

8.4 (7.7)
0.9-126.6

320.5 (153.4)
35.0-1,057.0

51.7 (20.9)
14.0-234.0

19.4 (7)
1.3-52.5

431 (25.6%)
1,253 (74.4%)

469 (27.9%)
1,215 (72.1%)

1,291 (76.7%)
393 (23.3%)

522 (31.0%)
1,162 (69.0%)

1,244 (73.9%)
440 (26.1%)

BMD, bone mineral density; CTX, C-terminal telopeptide; GnRH, gonado-

tropin-releasing hormone; P1NP, procollagen type | N-propeptide.
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machine used), with an exponential IIV term, and a pro-
portional residual error term. An alternative model that
included a linear slope for increase in BMD over time in
subjects on placebo was found to improve the model fit.
The model predicted an increase in BMD of 0.405% (co-
efficient of variation = 124%) after 6 months on placebo.
These estimates were fixed for later parts of the analysis
when the treatment effects were introduced. An attempt
to simultaneously estimate the placebo effect together
with the treatment effect rendered a placebo estimate
that predicted a bone change of -0.20%, which resulted
in worse model predictive performance.

The placebo response model was extended by incorpo-
rating the effect of elagolix monthly average concentrations
on bone resorption, as reflected by K ,, to describe the ob-
served BMD changes in the active treatment arms from the
four phase Il studies. An indirect-response model was used
to describe the effects of elagolix on BMD. In addition to
IlV random effects already included on the baseline BMD
and placebo effect, log-normally distributed 1IVs were also
added on the EC,, estimate. Inclusion of a Hill factor other
than one did not result in a significant decrease in the ob-
jective function value; thus, a Hill factor was not included in
the model.

Baseline body weight and BMI were both significant
covariates on baseline BMD and represented the most sta-
tistically significant covariates in the univariate covariate
selection process. BMI was selected for further model de-
velopment steps due to its clinical relevance for endogenous
estradiol production and BMD changes.'?*

The full model included BMI, race, and baseline CTX as
covariates on baseline BMD, BMI as a covariate on K, and
screening Z-score on E_, Subsequent backward elimina-
tion procedures resulted in removal of screening Z-score on
E__ from the final model. The parameter estimates from the

max
final exposure-BMD model are listed in Table 3.

Model evaluation

The goodness-of-fit for the final model was evaluated
graphically as displayed in Figure 1. The plots of predicted
and observed changes in lumbar spine BMD indicated that
the model adequately described the observations over
the entire range. It is noteworthy that because two sep-
arate baseline BMD values are estimated depending on
the machine used for DXA scanning, two clusters can be
seen in the predicted vs. observed BMD plot. Conditional
weighted residuals did not show any major trends when
plotted against time or population predictions, indicating
that the model was appropriately unbiased.

Based on 500 simulations, the VPC for changes in the lum-
bar spine BMD vs. time showed that the model adequately
described the central tendency as well as the variability in
the observed data for the different dosing groups and treat-
ment periods (Figure 2).

A total of 996 of the 1,000 bootstrap replicates plus the
original dataset converged successfully. The estimated pa-
rameter values based on the original dataset were in good
agreement with the medians of the parameter estimates
from the bootstrap replicates, indicating the robustness of
the final model parameter estimates (Table 3).
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Table 3 Parameter estimates and bootstrap analysis results for the final exposure-BMD model

Final model Bootstrap evaluation (N = 996)
2.5th and 97.5th

Parameter Estimate %RSE° 95% CI Mean Median percentiles
BLBMD (Hologic, g/cm® 1.06 0.36 1.05,1.07 1.061 1.060 1.050, 1.070
BLBMD (GE Lunar), g/cm® 1.24 0.30 1.23,1.25 1.238 1.240 1.230, 1.240
PLAC_EFF, 1/day 0.00002 (fix) - - - - -

K., (and K ), 1/day 0.0015 5.84 0.0013, 0.0017 0.001 0.001 0.001, 0.002
Eax 0.30 14.5 0.22,0.39 0.306 0.300 0.232, 0.401
EC,, ng/mL 240 20.9 142, 338 241.8 239.0 176.5, 323.5
BMI effect on BLBMD 0.10 10.3 0.08, 0.12 0.101 0.101 0.081, 0.119
Race effect on BLBMD 0.05 16.6 0.03, 0.07 0.049 0.049 0.033, 0.066
BLCTX effect on BLBMD -0.020 23.6 -0.029, -0.011 -0.020 -0.020 -0.029, -0.011
BMI effect on K;, -0.67 23.2 0.97,-0.36 -0.669 -0.664 -1.010,-0.343
1V on BLBMD, %CV? 0.00816 (9.1) 3.75 - 0.008 0.008 0.008, 0.009
IIV on PLAC_EFF, %CV® 0.93 (fix) - - - - -

IIV on EC,,, %CV? 0.77 (107) 20.7 - 0.780 0.771 0.476, 1.140
Proportional residual error, %CV® 0.00032 (1.789) 1.84 - - - -

BLBMD, baseline bone mineral density; BLCTX, baseline C-terminal telopeptide; BMD, bone mineral density; BMI, body mass index; Cl, confidence interval;

CV, coefficient of variation; Ecso, elagolix average concentration at which 50% of E

ability; K;, bone formation rate constant; K
error; SEE, standard error of the estimate.
% CV=100* (Ve —1).

PO CV =100 (v/52).

out?

is achieved; E maximum effect by elagolix; IV, interindividual vari-

max max’

bone resorption rate constant; PLAC_EFF, parameter for effects not related to elagolix; RSE, relative standard

°%RSE was estimated as the SEE divided by the population estimate and multiplied by 100.

BMD simulations for 2 years of treatment

Final model simulations were conducted so that each sim-
ulated subject was treated with elagolix 150 mg qg.d. for
24 months and the % BMD change from baseline was pre-
dicted over the treatment period. Figure 3 shows the mean
% change in BMD over time together with 95% confidence
intervals. Summary statistics for BMD % change at months
6, 12, and 24 for the same simulation are shown in Table 4.
Model simulations show that elagolix 150 mg g.d. dosing
for 24 months is associated with —-1.45% change in lumbar
spine BMD from baseline.

DISCUSSION

A population exposure-response model was developed
to describe the effects of elagolix exposure on BMD
changes in premenopausal women with moderate-to-
severe endometriosis-associated pain. Exposure-BMD
modeling using data from four phase Il studies revealed an
exposure-response relationship between elagolix average
concentrations and changes in BMD. The exposure-BMD
indirect response model with zero-order bone formation
and first-order bone resorption rates adequately predicted
the observed BMD changes during treatment and follow-up
periods of the phase Il studies.

The model-estimated slope for increase in lumbar spine
BMD in subjects receiving placebo may reflect a slight
gain in bone mass over time in those premenopausal
women. This is consistent with previous reports of BMD
changes in the perimenopausal age showing slight annual
increases in lumbar spine BMD in women during the few
years before menopause.15'17 Conversely, other studies
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have reported an overall reduction in BMD in the last few
years before menopause.'® Although this was not directly
evaluated in the phase Il studies, the slight increase in
BMD over time in subjects administering placebo could
be related to administration of vitamin D and calcium sup-
plements during the studies. The current elagolix USPI
provides recommendations for adequate intake of vitamin
D and calcium supplements in women with endometriosis
treated with elagolix.'®

The model-estimated EC,, of 240 ng/mL was > 5-fold
higher than the predicted exposure with 150 mg q.d. dosing
(median C,,, concentrations of ~ 47 ng/mL) and was in the
range of predicted elagolix exposures with the 200 mg b.i.d.
dosing regimen (median (5-95th) Cavg concentrations of 120
(38-262) ng/mL)."" This large EC,, estimate is reflected in
the small BMD change observed with 150 mg g.d. dosing
(~ =1% BMD change from baseline after 12 months) com-
pared with 200 mg b.i.d. and suggests that clinically relevant
BMD changes may not be expected in most women treated
with the 150 mg g.d. dose of elagolix. It is important to note
that the only significant covariate in the elagolix population
pharmacokinetic analysis was the OATP genotype. Subjects
with reduced transporter function were predicted to have
14% lower elagolix clearance compared with subjects with
normal transporter function. Such difference in elagolix
clearance or exposures is not expected to result in clinically
relevant changes in the exposure-safety relationship for
changes in BMD or the general recommendations for treat-
ment duration for either of the two dosing regimens.11

Furthermore, the minimal BMD changes with elagolix
150 mg qg.d. dosing reflect the milder hypoestrogenic ef-
fects with GnRH antagonist therapy compared with GnRH



Predictors of Elagolix-Mediated Change in BMD
Abbas Suleiman et al.

IPRED vs. DV CWRES vs. PRED
1.754
- d 25..
"’E 1.50
O
>
= &
S 1254 £ oo e
o )
[a]
L
o
o
= 1.004 254
L]
1.60 1.'25 1.;50 1.'75 1.0 1.1 1?2 1.3 1.4
Observed BMD (g/cm?) PRED BMD ( g/cm°)
PRED vs. DV CWRES vs. Time
1.754
& 1.50 2,54
€
*
s
o
= i
o
S 1.251 g 0.0
m [ ]
o o
o (]
o 1.004
-2.51
T T T T °
1.00 1.25 1.50 1.75 T

Observed BMD (g/cm’)

Time since first dose / months
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agonists or progesterone-based treatments. Leuprolide
acetate 3.75 mg depot injections in women with endome-
triosis have been shown to result in change in lumbar spine
BMD from pretreatment values by -3.2% and -6.3% at 24
and 52 weeks, respectively,19 which resulted in recommen-
dations for co-administration with norethindrone acetate to
reduce effects on BMD.'® Similarly, medroxy-progesterone
use in women 18-35 years of age decreased mean spine
(L1-L3) BMD by 3.5% after 1 year and 5.7% after 2 years.
On the other hand, mean spine BMD in untreated women
changed by < 0.9% over the 2-year period.?°

Final model results showed that subject race, baseline
BMI, and baseline CTX levels were significant predictors
of baseline BMD. Consistent with literature showing that
African American race is associated with higher BMD com-
pared with other race groups in the United States,?"?2 African
American subjects were estimated to have 5% higher base-
line BMD. Furthermore, higher BMI was also associated
with a higher BMD at baseline, with a typical subject having
a BMI of 30 kg/m? (class | obese) estimated to have 5%
higher baseline BMD compared with a typical subject with
a BMI of 18.5 kg/mg. This is in line with literature showing
the correlation of different body size metrics, such as BMI,
body fat, and body weight with higher BMD.'>"'* Subjects
with lower CTX levels showed a higher BMD at baseline,

with a drop of 7% in baseline BMD across the observed
range of baseline values for CTX. A possible explanation is
that lower CTX levels may be reflective of less active bone
resorption processes and, hence, associated with higher
BMD.?® Overall, the effects of the significant covariates in
the final model are generally consistent with previous liter-
ature reports. The predicted magnitude of effect based on
the estimated covariate relationships is not expected to ac-
count for major differences in BMD levels (~ 5-7%) among
individual patients with endometriosis eligible for treatment
with elagolix. The current elagolix USPI provides recommen-
dation to consider assessment of BMD in patients with a
history of a low-trauma fracture or other risk factors for os-
teoporosis or bone loss.

In addition to its effects on baseline BMD, BMI was also
significantly associated with higher bone formation rates
(K,)- These results indicated the overall positive correla-
tion between BMI and BMD. After the above covariates
were incorporated, none of the tested covariates (including
baseline BMD, expressed as Z-score) were significantly as-
sociated with BMD changes due to elagolix treatment (i.e.,
E, . and EC, ). Based on the current dataset, BMD changes
in women with endometriosis treated with elagolix may not
be affected by evaluated subject demographics or base-
line characteristics. However, appropriate treatment and
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monitoring decisions for individual subjects is still warranted
based on individual subject disease burden, and other po-
tential risk factors for bone loss.

Based on the final indirect response model, the first-order
bone resorption process predicted that women who expe-
rience larger changes in BMD by the end of the treatment
period would show a faster recovery when elagolix treat-
ment was stopped. This has also been observed in a subset
of patients who had been followed up after stopping elagolix
treatment during the follow-up periods. Results from the
extension studies Elaris EM-IIl and Elaris EM-IV showed
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that the BMD recovery rate was steepest for women who
received elagolix 200 mg b.i.d.° A limitation of the study de-
sign was that only women who experienced relatively large
changes in their BMD were scheduled to have follow-up
visits.

Simulations of elagolix 150 mg g.d. dosing for 24 months
showed that the predicted mean % change from baseline
BMD (before starting elagolix treatment) were —-0.94% and
-1.45% after 12 and 24 months, respectively, with a pre-
dicted mean Z-score of 0.179 after 24 months of treatment.
These results indicate minimal additional change in BMD



Predictors of Elagolix-Mediated Change in BMD
Abbas Suleiman et al.

/:

% Change in Lumbar Spine BMD
»
o

i
o
L

12 15 18 21 24
Month

Figure 3 Simulated mean (95% confidence interval) for lumbar spine bone mineral density (BMD) % change over time for treatment
with elagolix 150 mg g.d. for 24 months. Note: Solid line represents mean and shaded area represents 95% confidence interval of the

mean.

Table 4 Summary statistics of predicted mean (95% confidence
interval) for lumbar spine BMD % change for treatment with elagolix
150 mg q.d. for 24 months

Mean % change 95% Confidence

in BMD interval Mean Z-score Month
-0.519 (-0.955, —0.0885) 0.269 6
-0.942 (-1.34, -0.408) 0.228 12
-1.45 (-2.04, -0.814) 0.179 24

BMD, bone mineral density.

during the second year of treatment and that the majority of
women treated with elagolix 150 mg qg.d. for long term may
not experience clinically significant changes in BMD. Given
that individual patients treated with elagolix may experience
different BMD changes or may be at different risk for bone
loss, the current elagolix USPI provides recommendations
to treating clinicians to use the lowest effective dose based
on severity of symptoms and treatment objectives and to
consider assessment of BMD in women with other risk fac-
tors for osteoporosis or bone loss.®

It is important to note that the elagolix phase Ill program
was not designed to assess the risk of fracture in the endo-
metriosis population given the low risk at this young age and
the short duration of the studies. In premenopausal women
with endometriosis, the 10-year risk of fracture is quite low
(2.9%) and comparable to that in women without endome-
triosis (2.7%).2* In addition to the low baseline fracture risk
in this population, the relationship between the observed
changes in BMD and risk of fracture is unknown and com-
monly used fracture risk calculation tools, such as the FRAX
tool (https://www.sheffield.ac.uk/FRAX/tool.aspx) by the

University of Sheffield, are designed based on data from
older populations (e.g., 40-90 years). Hence, the current
elagolix USPI recommends assessment of BMD in patients
with additional risk factors for osteoporosis or bone loss.®

In conclusion, results from these analyses provided key
insights into predictors of BMD changes in women with en-
dometriosis treated with elagolix. Results from final model
simulations were used to support elagolix labeling rec-
ommendations for continued dosing with 150 mg g.d. for
24 months.®

Supporting Information. Supplementary information accompa-
nies this paper on the CPT: Pharmacometrics & Systems Pharmacology
website (www.psp-journal.com).
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as well as other information (e.g., protocols and Clinical Study Reports),
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