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ABSTRACT

STUDY QUESTION: How important was the change in lumbar spine (L1-L4), femoral neck, and total hip bone mineral density (BMD)
from post-treatment baseline values to 24 months after the end of treatment in PRIMROSE 1 and PRIMROSE 2 study participants?

SUMMARY ANSWER: In the present study (PRIMROSE 3), mean percentage changes in lumbar spine BMD from the post-treatment
baseline to month 24 (primary endpoint) were small in most treatment groups and similar to variations in the placebo group.

WHAT IS KNOWN ALREADY: Due to its mechanism of action, some BMD decreases are observed with oral GnRH antagonist treat-
ment, depending on the dose administered and addition or not of add-back therapy (ABT) (1 mg oestradiol and 0.5 mg norethisterone
acetate). In PRIMROSE 1 and PRIMROSE 2, no significant changes in BMD were observed in any of the three anatomic sites investi-
gated (lumbar spine, femoral neck, and total hip) in any of the treated groups but one. Indeed, at 24 weeks, mean differences were
most pronounced in the lumbar spine in participants given 200 mg linzagolix alone.

STUDY DESIGN, SIZE, DURATION: PRIMROSE 3 is a long-term follow-up study on BMD in subjects who completed at least 20 weeks
of treatment in the main linzagolix trials (PRIMROSE 1 or PRIMROSE 2) and underwent dual-energy X-ray absorptiometry (DEXA)
within 35 days of their last treatment (week 24 or week 52 [extension study]). The primary endpoint was the change in lumbar spine
(L1-L4), femoral neck, and total hip BMD from post-treatment baseline values to 24 months after the end of treatment in PRIMROSE 1
and PRIMROSE 2 study participants. The secondary endpoint was the change in lumbar spine (L1-L4), femoral neck, and total hip
BMD from pre-treatment baseline values to 24 months after the end of treatment. The study involved an eligibility visit and up to
three follow-up consultations at 12, 18 and/or 24 months after the end of treatment in either PRIMROSE 1 or PRIMROSE 2.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Patients given an end-of-treatment DEXA scan within 35 days of their last treat-
ment were invited to participate in the PRIMROSE 3 study. Those who were pregnant or unable to undergo a DEXA scan on the same
type of equipment as used for the end-of-treatment DEXA scan in PRIMROSE 1 or PRIMROSE 2 were not eligible for this trial. A total of
137 subjects were screened, 134 (97.8%) of whom were enrolled and 130 (94.9%) included in the safety analysis set. Subject groups
were small and ranged from 7 subjects (placebo group) to 30 subjects (200 mg/200 mg+ABT group). Most subjects (n =110, 80.3%) com-
pleted the study by evaluation of their BMD by DEXA at 2 years post-treatment.

This study (EudraCT number: 2021-000452-19) was conducted at 3 sites in Bulgaria, 4 sites in the Czech Republic, 4 sites in Hungary,
1 site in Latvia, 6 sites in Poland, 1 site in Romania, 5 sites in Ukraine, and 32 sites in the USA.

MAIN RESULTS AND THE ROLE OF CHANCE: The most notable percentage increase from the end of treatment to month 24 was in
the 200 mg/200 mg+ABT treatment group, which was also the group showing the greatest mean percentage BMD loss during linzago-
lix treatment. This marked upturn in BMD after cessation of treatment demonstrated the crucial role of ABT.
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Percentage changes in lumbar spine BMD from the pre-treatment baseline to month 24 (secondary endpoint) remained above —2% in
all linzagolix treatment groups. Small BMD modifications observed from both the post-treatment and pre-treatment baseline to
month 24 after the end of therapy may not have any clinically relevant impact on overall bone health of linzagolix-treated individu-
als, since the Z-score of most subjects was within the expected range for age. In addition, changes in BMD values and Z-scores in the
linzagolix treatment groups were mostly within the same range as in the placebo group.

LIMITATIONS, REASONS FOR CAUTION: The number of patients is relatively small. Since interpretation of results from the month-
12 and month-18 visits is limited due to the small number of subjects in each treatment arm at corresponding time points, giving
rise to high data variability, this manuscript focuses on the month-24 visit only.

WIDER IMPLICATIONS OF THE FINDINGS: It can be assumed that the small BMD changes observed from both the post-treatment
and pre-treatment baseline to month 24 after cessation of therapy may not have any clinically relevant impact on overall bone health
of linzagolix-treated individuals.

Changes in BMD values and Z-scores in the linzagolix treatment groups were mostly within the same range as in the placebo group,
indicating that there are no long-term consequences on BMD after the end of linzagolix treatment.
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University, and was a past president of American Society of Reproductive Medicine (ASRM). C.B. was a member of the independent
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WHAT DOES THIS MEAN FOR PATIENTS?

Bone mineral density (BMD) changes in postmenopausal women are well documented. They are related to the decrease in circulat-
ing oestrogens after the menopause. BMD modifications are also reported in premenopausal adult women treated with therapies
associated with BMD loss (chronic corticosteroids, injectable progestogen-only contraceptives, GnRH agonists and antagonists).
The efficacy of the GnRH antagonist linzagolix was established, for reduction of uterine fibroid-related symptoms. No significant
changes in BMD were observed in any of the three anatomic sites (lumbar spine, femoral neck, and total hip) in any of the treated
groups but one. At 24 weeks, mean BMD differences were most pronounced in the lumbar spine in participants given 200 mg linza-
golix alone, with a drop of approximately 4%. The present study revealed that BMD modifications from the pre-treatment baseline
and post-treatment baseline to month 24 after the end of therapy were small in most treatment groups and do not have long-term
consequences on overall bone health.

Introduction 2025). No significant changes in BMD were observed in any of the
three anatomic sites (lumbar spine, femoral neck, and total hip) in
any of the treated groups but one. At 24 weeks, mean BMD differen-
ces were most pronounced in the lumbar spine in participants given
200mg linzagolix alone, with a 3.3% and 4.1% drop in PRIMROSE 1
and PRIMROSE 2, respectively. At 52weeks, mean percentage
decreases from baseline in the lumbar spine were 2.1% and 3.1%, re-
spectively, in patients who had received 200mg linzagolix up to
week 24 and then switched to 200mg with ABT, while a 0.8% reduc-
tion was seen in the placebo group (Donnez et al., 2022). In all other
therapy groups, mean BMD percentage loss was not significant
(range 0.0-2.4%). Consistent with the small magnitude of observed
decreases in BMD density, median BMD Z-scores at week 52 were >0
in all treatment groups (Donnez et al., 2022). Z-scores compare indi-

While many articles are available on bone mineral density (BMD)
changes in postmenopausal women, there are far fewer reports
on BMD modifications in premenopausal adult women treated
with therapies associated with BMD loss (chronic corticosteroids,
injectable progestogen-only contraceptives, GnRH agonists and
antagonists, among others) (Wilkin et al., 2010; Cohen and Shane,
2013; Nam et al., 2013; Binkley et al., 2017; Dagan et al.,, 2017,
Langdahl, 2017). The risk of BMD loss related to GnRH agonist
therapy has indeed limited its administration to 6 months when
given without add-back therapy (ABT). As expected, considering
its mechanism of action, some BMD decreases have been ob-
served with GnRH antagonist treatment depending on the dose

administered and addition or not of ABT (Schlaff et al., 2020; Al-
Hendy et al., 2021; Dolmans et al., 2021; Donnez et al., 2022).

In PRIMROSE 1 and PRIMROSE 2, two parallel, randomized,
double-blind, placebo-controlled, phase 3 trials, the efficacy of the
GnRH antagonist linzagolix was established with or without ABT
(I1mg oestradiol and 0.5mg norethisterone acetate (NETA)) for re-
duction of uterine fibroid-related symptoms (Donnez et al.,, 2022,

vidual BMD values to average values for the same age and gender.

The next logical step therefore entailed gathering longer-term
data on the drug’s effect on BMD. To do so, the PRIMROSE 3 study
was designed to collect these data on BMD (up to 24 months after
the end of therapy) in order to evaluate drug pharmacodynamics
and recovery in subjects completing at least 20 weeks of treat-
ment in PRIMROSE 1 or PRIMROSE 2.
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Materials and methods
Ethical approval

This study was conducted in compliance with the trial protocol reg-
istered with ClinicalTrials.gov (NCT03070899 and NCT03070951).
Study interventions were limited and no investigational drugs were
administered. Planned study procedures were no riskier to subjects
than those associated with assessments in general clinical practice.

Study design, patient population, and

patient flow

PRIMROSE 1 and PRIMROSE 2, two parallel, randomized, double-
blind, placebo-controlled, phase 3 trials, were conducted with iden-
tical parameters over a treatment period of 52weeks (Fig. 1).
PRIMROSE 1 recruited women from 94 sites in the USA from May
2017 to October 2020. PRIMROSE 2 enrolled women from 95 sites in
Europe as well as the USA from June 2017 to May 2020. Eligible sub-
jects were women aged 18years or older with ultrasonography-
confirmed fibroids and heavy menstrual bleeding of at least 80ml
of menstrual blood loss per cycle.

PRIMROSE 1 started with 574 randomly assigned women, with
511 of them included in the full analysis set (FAS). PRIMROSE 2
randomized 535 women, 485 (91%) of whom were from Europe
and 50 (9%) from the USA. Of these initial 535 randomly assigned
subjects, 501 were included in the FAS. Eligible individuals were
randomly allocated using an interactive web response system at
a 1:1:1:1:1 ratio to be given one of the following daily regimens,
administered orally: (i) placebo; (ii) 100mg linzagolix only; (iii)
100 mg linzagolix plus hormonal ABT (1 mg oestradiol and 0.5mg
NETA); (iv) 200mg linzagolix only; or (v) 200 mg linzagolix with
hormonal ABT (1mg oestradiol and 0.5mg NETA). In the exten-
sion study, all women assigned to the placebo or 200 mg linzago-
lix alone groups in PRIMROSE 2 were switched to 200mg
linzagolix with ABT after 24weeks. In PRIMROSE 1, 50% of

subjects on a placebo continued with the placebo (random selec-
tion) until week 52. It is noteworthy that in PRIMROSE 1, 61-65%
of women in the different arms were black vs 4-6% in
PRIMROSE 2.

PRIMROSE 3 is a long-term follow-up study on BMD in subjects
completing at least 20 weeks of treatment in the main linzagolix
trials (PRIMROSE 1 or PRIMROSE 2) and undergoing dual-energy
X-ray absorptiometry (DEXA) within 35days of their last treat-
ment (week 24 or week 52 [extension study]). The study involved
an eligibility visit and up to three follow-up consultations at 12,
18 and/or 24months after the end of treatment in either
PRIMROSE 1 or PRIMROSE 2 (Fig. 1).

We were looking to include a large number of women eligible
for evaluation by DEXA 24months after completing linzagolix
therapy. At the eligibility visit, subjects gave their informed con-
sent before a comprehensive assessment of their eligibility crite-
ria, collection of background data, and counselling on general
bone health, including recommendations to take vitamin D and
calcium supplementation. During all follow-up visits, subject
data were collected on various aspects, such as medical condi-
tions, concomitant medication, menopause status, and activ-
ity levels.

This study was conducted in compliance with the trial proto-
col and by trial personnel, who were fully qualified in terms of
education, training, and experience. Study interventions were
limited and no investigational drugs were administered. Planned
study procedures, standard examinations, and questionnaires
were no riskier to subjects than those associated with assess-
ments in general clinical practice. Any adverse events related to
trial procedures were documented. The previous trials were reg-
istered with ClinicalTrials.gov (NCT03070899 and NCT03070951).
This study (EudraCT number: 2021-000452-19) was conducted at
3 sites in Bulgaria, 4 sites in the Czech Republik, 4 sites in

PRIMROSE 1/ PRIMROSE 2
Placebo
Placebo
LGX 200 mg+ ABT a
Screening LGX 100 mg > Post-
period LGX 100 mg + ABT treatment
(approx. 6-17 follow-up
wks) LGX 200 mg Week 52 to
i ) ) Week 76
Menstrual Menstrual LGX 200 mg h ABT )
|Cycle1 Cycle2 |
- *
Randomization Week 24 Week 52 Week 76
Day 1 |

|
\ J
AT4

|

Subject completed a
DEXA within 35 days of

last IMP dose and is
eligible for Primrose 3

Last IMP date Primrose 1/
PRIMROSE 2

Depending on timing of the end of treatment DEXA in PRIMROSE 1/ PRIMROSE 3
2, subjects will be eligible to all or only part of PRIMROSE 3 visits
Eligibility Month 12 Month 18 Month 24
visit visit visit visit ™

| |
| i

Figure 1. Schematic of the study design. ABT, add-back therapy (1 mg oestradiol/0.5 mg norethisterone acetate); DEXA, dual-energy X-ray
absorptiometry; IMP, investigational medicinal product; LGX, linzagolix. *Women allocated to placebo or 200 mg Linzagolix alone were switched to
200 mg Linzagolix with ABT after 24 weeks, except in PRIMROSE 1, in which 50% of the women on placebo continued placebo (selected at random
assignment) until week 52. *Given the limited number of subjects in each treatment arm entering PRIMROSE 3, we focus on the reporting of month-24

visit only.
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Hungary, 1 site in Latvia, 6 sites in Poland, 1 site in Romania, 5
sites in Ukraine, and 32 sites in the USA.

Patients given an end-of-treatment DEXA scan within 35days
of their last treatment were invited to participate in the
PRIMROSE 3 study. Those who were pregnant or unable to un-
dergo a DEXA scan on the same type of equipment as used for
the end-of-treatment DEXA scan in PRIMROSE 1 or PRIMROSE 2
were not eligible for this trial.

A total of 137 subjects were screened, 134 (97.8%) of whom
were enrolled and 130 (94.9%) included in the safety analysis set,
according to the previous regimen shown in Table 1. Subject
groups were small and ranged from 7 (placebo group) to 30
(200mg/200 mg+ABT group) individuals. Most subjects (n=110,
80.3%) completed the study by evaluation of their BMD by DEXA
at 2 years post-treatment. Of the 130 women in the safety set, 28
had a month-12 visit, 72 a month-18 visit, and 103 a month-24
visit. Since results from month-12 and month-18 were limited
due to the small number of subjects in each treatment arm at
corresponding time points, giving rise to high data variability,
this manuscript focuses on the month-24 visit only. Moreover,
the study was recruiting patients who might have experienced
linzagolix-induced or age-related changes in BMD, so it was rec-
ommended that they take 1000 mg/day calcium and up to 6001U
vitamin D. Administration of vitamin D and calcium is thought to
be beneficial for BMD recovery. Indeed, the National Institutes of
Health and Institute of Medicine (IOM) advocate 1000 mg/day of
elemental calcium and the IOM up to 6001U/day of vitamin D
year-round for postmenopausal women.

Based on the above, the eligibility visit included counselling
on general bone health, along with recommendations to take
1000 mg/day of calcium supplementation and up to 6001U/day of
vitamin D. Of the 130 patients in the study, 13 (10%) were on vita-
min D, 9 (6.9%) on calcium, 5 (3.8%) on colecalciferol, 2 (1.5%) on
calcium carbonate/colecalciferol, and 2 (1.5%) on calcium car-
bonate/vitamin D.

Primary and secondary outcomes

The primary endpoint was the change in lumbar spine (L1-L4),
femoral neck, and total hip BMD from post-treatment baseline
values to 24 months after the end of treatment in PRIMROSE 1
and PRIMROSE 2 study participants. The secondary endpoint was
the change in lumbar spine (L1-L4), femoral neck, and total hip
BMD from pre-treatment baseline values to 24 months after the
end of treatment.

Data collection and acquisition

BMD was assessed in the femoral neck, total hip, and lumbar
spine by DEXA at the end of the main study treatment period
(namely week 24 or week 52) by a nominated trained primary
technician at the DEXA facility. The same DEXA machine had to
be used for all scans from an individual subject and they were all
reviewed by a central imaging laboratory. There was also central-
ized monitoring of DEXA scan quality for each site, including a
pre-qualification phantom scan and a monthly review of daily
quality control (QC) data. If a scan did not meet QC standards,
the site was asked to re-analyse or repeat the scan. Instructions
on how to measure BMD and detailed information on centralized
reading and QC were included in a specific imaging manual.

Statistical analysis

A secondary analysis was conducted, based on primary findings
from PRIMROSE 1 and 2. All subjects who completed at least
20 weeks of treatment in the main study and met the inclusion
criteria were invited to participate in the PRIMROSE 3 study. It
was estimated that up to 400 (39%) subjects from PRIMROSE 1
and PRIMROSE 2 would be eligible and willing to take part in
PRIMROSE 3. However, several sites and subjects involved in
PRIMROSE 1 and PRIMROSE 2 could not participate in the
PRIMROSE 3 study, among other things due to the war in
Ukraine, the COVID-19 pandemic, and difficulties recruiting
patients for follow-up of 24 months. Only 134 out of the 400 an-
ticipated subjects were therefore included in PRIMROSE 3.

No formal hypothesis testing was conducted. Primary and sec-
ondary endpoints were summarized by descriptive statistics for
each time point, including summaries of change from baseline
where applicable. Analyses were performed using the safety
analysis set. Categorical analyses of BMD data (as far as applica-
ble for individual endpoints) were conducted at each time point
and included (i) continued bone loss if the subject was not
completely recovered and BMD was less than the post-treatment
baseline (% of subjects), (ii) partial recovery, if the subject was
not completely recovered and BMD was greater than or equal to
the post-treatment baseline (% of subjects), and (iii) complete re-
covery if BMD was greater than or equal to the pre-treatment
baseline (% of subjects). All analyses were performed using the
safety analysis set. Additional summaries were provided by sub-
group analysis sets. Data from this study were held and evalu-
ated by Cytel (Boston, MA, USA). All descriptive statistical

Table 1. Demographics and pre-treatment baseline characteristics (safety analysis set).

Placebo Placebo/LGX LGX 100 mg LGX LGX 200 mg/LGX LGX Total
200 mg+ABT 100 mg+ABT 200 mg-+ABT 200 mg+ABT
(n=7) (n=26) (n=22) (n=23) (n=30) (n=21) (n=130)
Age (years)
Mean (SD) 39.9 (9.0) 42.2 (6.3) 439 (4.2) 43.0 (5.4) 41.6 (5.7) 44.7 (5.0) 42.8 (5.7)
Median 43.0 435 45.0 44.0 415 46.0 43.0
Race, n (%)
Black 5(71.4) 4(15.4) 11 (50.0) 5(21.7) 10 (33.3) 7(33.3) 43 (33.1)
White 1(14.3) 22 (84.6) 11 (50.0) 17 (73.9) 20 (66.7) 13 (61.9) 84 (64.6)
Other* 1(14.3) 0 0 1(4.3) 0 1(4.8) 3(2.4)
Weight (kg)
Mean (SD) 80.37 (22.16) 73.89 (18.84) 92.32 (22.84) 82.32 (20.60) 86.00 (20.86) 88.11 (21.13) 83.94 (21.31)
Median 75.30 70.85 90.92 79.70 85.41 90.31 80.48
BMI (kg/m?)
Mean (SD) 30.50 (9.25) 26.98 (7.01) 34.04 (6.67) 30.44 (7.64) 31.08 (7.01) 32.72(8.24) 30.85 (7.60)
Median 29.86 25.98 34.78 30.08 30.45 32.78 29.75

ABT, add-back therapy (1 mg oestradiol/0.5 mg norethisterone acetate); LGX, linzagolix.
* Includes American Indian/Alaska Native, Native Hawaiian/Other Pacific Islander or Other.
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analysis was conducted using SAS statistical software (version
9.4 or later) (SAS Institute, Cary, NC, USA).

Results

Demographic data

The majority of patients in the linzagolix treatment groups were
white, ranging from 50.0% of subjects in the 100 mg without ABT
group to 84.6% in the placebo/200 mg+ABT group. In the placebo
group, the vast majority of subjects were black/African
Americans (71.4%) (Table 1).

At pre-treatment baseline, mean (SD) age in the total popula-
tion was 42.8 (5.7) years (min/max: 22/54years) and mean (SD)
BMI was 30.85 (7.60) kg/m? (min/max: 18.4/56.0). Mean (SD) over-
all treatment duration was 50.95 (3.89) weeks, similar in all treat-
ment groups. At the eligibility visit, most subjects in the
treatment groups were premenopausal, ranging from 69.2% in the
placebo/200mg+ABT group to 87.0% in the 100 mg+ABT group.

Bone mineral density

BMD changes from post-treatment baseline to 24 months
after cessation of therapy

In the PRIMROSE 3 safety population, end-of-treatment (namely
post-treatment baseline) lumbar spine mean (SD) BMD values
ranged between 1.044 (0.136) g/cm? (placebo/200mg+ABT) and
1.149 (0.132) g/cm? (placebo). At the month-24 visit, mean (SD)
percentage BMD changes from this post-treatment baseline var-
ied from —0.375 (4.187) % in the placebo/200 mg+ABT group (95%
CL: —2.334/1.584) to 3.173 (5.885) % in the 200mg/200 mg+ABT
group (95% CI: 0.494/5.852) (Fig. 2). Mean (SD) percentage changes
from post-treatment baseline in the placebo group were minimal
(0.120 [1.848] %, 95% CI: —1.589/1.830) and comparable to those in
the placebo/200 mg+ABT (—0.375 [4.187] %, 95% CI: —2.334/1.584)
and 200 mg+ABT (—0.319 [4.083], 95%CI: —2.349/1.712) groups.

In the femoral neck, mean (SD) BMD values at post-treatment
baseline were between 0.839 (0.171) g/cm? (placebo/200 mg+ABT)
and 0.946 (0.112) g/cm? (placebo). At the month-24 visit, mean
(SD) percentage BMD changes from this post-treatment baseline
ranged from —2.071 (10.565) % in the placebo/200 mg+ABT group
(95% CI. —6.830/2.739) to 1.643 (4.749) % in the 200mg/
200mg+ABT group (95% CI: —0.580/3.865). In the placebo group,
the mean (SD) percentage change was 3.230 (7.789) % (95% CL:
—3.974/10.434). No clear tendencies were observed in any of the
treatment groups, as evidenced by the 95% ClIs of mean percent-
age change.

In the total hip, mean (SD) BMD values at post-treatment
baseline ranged from 0.896 (0.173) g/cm? (placebo/200 mg+ABT)
to 1.034 (0.142) g/cm? (placebo). Mean (SD) percentage BMD
changes from post-treatment baseline to the month-24 visit in
the linzagolix treatment groups varied between —2.633 (9.196) %
in the placebo/200mg+ABT group (95% CI: —6.819/1.553) and
1.559 (4.431) % in the 200 mg/200 mg+ABT group (95% CI: —0.515/
3.633). Mean (SD) percentage change in the placebo group was
5.263 (5.548) % (95% CI: 0.132/10.393).

An upturn in mean absolute change in Z-scores from post-
treatment baseline to the month-24 visit was reported for most
treatment groups at all assessment sites, ranging from 0.09 (lum-
bar spine in the 200mg+ABT group) to 0.44 (lumbar spine
200mg/200 mg+ABT group) in all linzagolix groups to 0.47 for the
placebo group (total hip). No change or even slight downturn in
mean absolute Z-scores was found in the placebo/200 mg+ABT
group (femoral neck: 0.00, and total hip: —0.02) or the
200mg+ABT group (femoral neck: —0.03).

BMD changes from pre-treatment baseline to 24 months
after cessation of therapy

The secondary endpoint (Fig. 3) explored the change from pre-
treatment baseline values in lumbar spine, femoral neck, and to-
tal hip BMD at 24 months after cessation of therapy.

In the PRIMROSE 3 safety population, end-of-treatment mean
percentage changes in BMD (pre-treatment baseline) in lumbar
spine had been most prominent in the 100mg alone (-2.065
[3.948] %), 200mg/200mg+ABT (-2.742 [3.531] %) and
200mg+ABT (—1.539 [3.129] %) groups. At 24months post-
treatment, mean percentage changes in lumbar spine BMD from
pre-treatment baseline did not exceed —2% in any treatment
group (Fig. 4). The greatest drop from pre-treatment baseline to
month-24 post-treatment was encountered in the 200 mg+ABT
group, with a mean (SD) percentage reduction of —1.985 (4.234) %
(95% CI: —4.090/0.121).

For the femoral neck, greater BMD loss was reported in the
placebo/200mg+ABT group and the 200mg+ABT group, with
—3.706 (10.769) % and —2.378 (4.415) % of mean (SD) percentage
loss. The upper limit of the 95% CI also remained below zero in
the 200mg+ABT group. For total hip values, mean (SD) percent-
age loss of BMD exceeding 2% was only reported in the placebo/
200mg+ABT group with —2.673 (10.657) %.

Mean absolute changes in Z-scores from baseline ranged from
—0.09 (femoral neck in the placebo/200 mg+ABT group) to 0.19
(lumbar spine in the 200mg/200 mg+ABT group and total hip in
the 100 mg+ABT group) at the month-24 visit. In most treatment
groups, Z-scores at 24months were similar to pre-treatment
baseline values.

Recovery rates

In most treatment groups, BMD status in the lumbar spine, femo-
ral neck, and total hip was considered fully or partially recovered
in at least 50% of subjects at 24 months after treatment cessa-
tion. Fewer than 50% of subjects who had at least partially recov-
ered were only observed for femoral neck in the 200mg+ABT
group (38.9% subjects: 22.2% partially recovered, and 16.7%
completely recovered), and for total hip in the placebo/
200mg+ABT group (45.0% subjects: all completely recovered)
and the 100mg+ABT group (47.1% subjects: 11.8% partially re-
covered and 35.3% completely recovered).

Analysis of the premenopausal subgroup

Overall, 77% of the safety population was premenopausal upon
inclusion into PRIMROSE 3, the percentage ranging from 69.2% of
subjects (n=18) in the placebo/200 mg+ABT group to 87.0%
(n=20) in the 100 mg+ABT group. Analysis of the premenopausal
subgroup revealed a marked mean (SD) percentage increase in
BMD from post-treatment baseline to the month-24 visit in all
three anatomic locations assessed in the 200mg/200 mg+ABT
group (lumbar spine: 4.461 [5.801] %, femoral neck: 2.574 [4.120]
% total hip: 2.389 [4.048] %). Mean percentage changes in BMD
from pre-treatment baseline to 24 months were below or around
1% 1in most treatment groups and generally comparable to
changes in the placebo group. BMD status was considered par-
tially or completely recovered in at least 50% of subjects
24months after treatment cessation in all treatment groups, ex-
cept the 200mg+ABT group in the femoral neck (38.5%) and the
100mg+ABT group in the total hip (40.0%). In all treatment
groups and anatomic locations assessed, the proportion of sub-
jects considered fully recovered was higher than the proportion
of those deemed partially recovered.
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Figure 2. Mean percentage changes from post-treatment baseline to visit month 24 in BMD by DEXA (safety analysis set). ABT, add-back therapy
(1 mg oestradiol/0.5 mg norethisterone acetate); BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry; LGX, linzagolix. Error bars

denote 95% Cls.

Discussion

This phase 3, long-term follow-up study (up to 24 months after the
end of treatment) was designed to assess BMD changes in order to
evaluate their dynamics and the recovery of bone loss in subjects
with uterine fibroids who participated in PRIMROSE 1 or PRIMROSE 2
studies. BMD measurement by DEXA is currently the best way of
identifying subjects at risk of osteoporotic fractures and should be
performed in subjects with any risk factors (Beck et al., 2021; FRAX®
Fracture Risk Assessment Tool, 2024). Indeed, the lower the BMD,

the higher the risk of fracture. In women prior to menopause, a
Z-score of —2.0 or lower is defined as ‘below the expected range for
age’, while a Z-score above —2.0 is ‘within the expected range for
age’. BMD is known to depend on race and BMI. African Americans
are associated with higher BMDs than other racial groups in the USA
(Wilkin et al., 2010; Nam et al., 2013; Binkley et al., 2017). A higher BMI
is also linked to elevated BMD at baseline, a typical subject with a
BMI of 30kg/m? (class I, obese) estimated to show 5% higher baseline
BMD values compared to a typical subject with a BMI of 18.5kg/m?.
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The risk of bone fractures due to reduced BMD in premeno-
pausal women is low (Beck et al., 2021). BMD changes should be
considered in the wider context of BMD impacts associated with
many other chronic medications (Chotiyarnwong and
McCloskey, 2020). They are also associated with physiological
events such as pregnancy and lactation, with up to 5% of BMD
loss occurring in the lumbar spine (Winter et al.,, 2020; Watts
etal., 2021).

While many articles have been published on BMD changes as-
sociated with fracture risk in postmenopausal women, relatively
few describe changes in BMD in premenopausal adult women

treated with drugs linked to BMD loss (chronic corticosteroids, in-
jectable progestogen-only contraceptives, GnRH agonists and
antagonists) (Binkley et al, 2017). One of the first articles
(Devogelaer et al., 1987) on BMD loss after GnRH agonist therapy
was published back in 1987. Since then, a number of papers have
documented the risk of BMD loss associated with GnRH agonist
therapy-related hypo-oestrogenism (Wilkin et al., 2010; Cohen
and Shane, 2013; Nam et al., 2013; Binkley et al., 2017; Dagan et al.,
2017; Langdahl, 2017; FRAX® Fracture Risk Assessment Tool,
2024), which is why its administration without ABT is limited
to 6 months.
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In the present article, we discuss BMD changes in relation to
the administration of GnRH antagonists, and particularly linza-
golix. We therefore first examined BMD changes reported in vari-
ous studies on GnRH antagonists in the literature.

An extension study (6 months) (Simon et al., 2020; Beck et al.,
2022) of Elaris UF-1 and UF-2 trials, evaluating the efficacy of ela-
golix, an oral GnRH antagonist, in the management of uterine
fibroids-related symptoms revealed the mean lumbar spine BMD
percentage change from baseline to be —4.8% in the elagolix
alone (300 mg twice daily) treatment group, while the same dose
with ABT (1 mg oestradiol and 0.5mg NETA) yielded —1.5% after

one year of treatment. In the same anatomical location after
6 months of treatment, the mean BMD percentage change from
baseline was —2.8% with elagolix alone and —0.6% with elagolix
plus ABT. Twelve months after therapy, it was —2.0% and —0.6%,
respectively, demonstrating some degree of recovery. Similar
trends were seen in total hip and femoral neck locations.
According to Osuga et al. (2021), mean changes in BMD from
baseline to week 24 were —0.2% with the placebo and —1.6%,
—2.6%, and —4.9% with 10, 20, and 40 mg relugolix, respectively,
showing that BMD losses are greater at high doses of
relugolix and related to the level and severity of induced
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hypo-oestrogenism. BMD changes were much less pronounced
and below 1% when relugolix was administered with ABT for
24 weeks (1mg oestradiol and 0.5mg NETA under the name of
relugolix-CT) (Al-Hendy et al., 2021). Long-term (extension) stud-
ies confirmed the absence of significant BMD changes when relu-
golix was administered with ABT (Al-Hendy et al., 2023).

In a dose-finding study into linzagolix, mean BMD (spine) loss
at 24 weeks was <1% at doses of 50 and 75mg, and increased in a
dose-dependent manner up to 2.6% with 200mg. BMD in the fem-
oral neck and total hip showed a similar pattern (Donnez et al,,
2020). In the PRIMROSE 1 and PRIMROSE 2 trials, subjects were
given 100 mg or 200 mg linzagolix (with or without ABT) or a pla-
cebo. At 24 weeks, mean differences were most prominent in the
lumbar spine, showing BMD decreases of 3.3% and 4.1% in
PRIMROSE 1 and PRIMROSE 2 respectively in participants given
200mg linzagolix alone, compared to an increase of 0.4% and
0.5% in the placebo group (Donnez et al., 2022). Following addition
of ABT however, the percentage change from baseline to week 52
compared to week 24 improved, indicating a positive effect of
ABT on BMD (Donnez et al., 2022).

When ABT was co-administered with 100 or 200 mg linzagolix,
mean (SD) BMD changes from baseline were for Primrose 1 re-
spectively —0.914 (3.057) % and —0.839 (2.830) % at 24 weeks and
0.049 (2.101) % and —0.929 (3.008) % at 52 weeks in PRIMROSE 1,
and —0.998 (2.435) % and —1.350 (2.575) % at 24 weeks and —1.479
(1.967) % and —2.026 (3.028) % at 52 weeks in PRIMROSE 2. From
week 24 to week 52, rates of BMD change were less than —1% in
the lumbar spine, suggesting plateauing of BMD loss (Donnez
etal., 2022).

The next step was to evaluate possible long-term effects on
BMD and the degree of recovery in subjects involved in both
PRIMROSE trials by collecting long-term data (24 months after
the end of therapy). This was the goal of PRIMROSE 3. Of the 1037
subjects initially recruited in the PRIMROSE 1 and 2 studies, 130
subjects were included in the safety analysis set of PRIMROSE 3.
Of those, 80% had undergone BMD evaluation by DEXA by month
24 after the end of therapy. The mean treatment duration of their
linzagolix therapy in PRIMROSE 1 or 2 was 50.95 weeks (min/max:
23.9/53.1) and was similar between treatment groups. Treatment
groups were also similar in terms of risk factors for BMD loss and
attributable fractions during the PRIMROSE 3 study.

Changes in BMD were analysed in three specific anatomic
sites: lumbar spine, femoral neck, and total hip. In the PRIMROSE
3 study, mean percentage changes in lumbar spine BMD from the
post-treatment baseline (primary endpoint) to month 24 were
small in most treatment groups and similar to changes in the
placebo group. The most notable percentage increase from the
end of treatment to month 24 was in the 200mg/200mg+ABT
treatment group, which was also the group showing the greatest
mean percentage BMD loss during linzagolix treatment. This
marked upturn in BMD after cessation of therapy was also
reflected in the highest absolute increase in mean score of all
treatment groups, demonstrating the crucial role of ABT. For
BMD in the femoral neck and total hip, no clear tendencies were
spotted in mean percentage BMD change from post-treatment
baseline to month 24 in any treatment group.

Percentage changes in lumbar spine BMD from the pre-
treatment baseline to the month 24 (secondary endpoint) visit
remained above —2% in all linzagolix treatment groups, the
greatest decrease being —1.985% in the 200mg+ABT group.
Consistent with small mean percentage changes in BMD, mean
absolute changes in Z-scores from pre-treatment baseline values

to month 24 were also modest, ranging from —0.06 to 0.19 in the
lumbar spine.

In the placebo group, mean percentage BMD and mean abso-
lute changes seen in Z-scores were similar to values found in the
linzagolix treatment groups. These findings suggest that the ob-
served BMD changes with linzagolix result from age-related BMD
decreases, since a similar reduction was actually encountered in
an untreated population of comparable age. Z-scores of most
subjects were also within the expected range for age.

In line with the small mean percentage BMD and mean abso-
lute Z-score changes seen from pre-treatment baseline levels to
month 24, more than half of the subjects overall achieved at least
a partially recovered BMD status. Indeed, across the linzagolix
treatment groups, proportions of subjects with partially or
completely recovered BMD 24 months after treatment cessation
ranged from 50.0% to 80.0%, similar to the placebo group, where
the percentage of women with a BMD status considered at least
partially recovered was within this range (57.2%).

Our study has a number of strengths. Indeed, BMD was
assessed in the femoral neck, total hip, and lumbar spine by
DEXA in all patients in the PRIMROSE 3 study at baseline, the end
of therapy, and 24months after the end of therapy. All DEXA
scans were reviewed by a central imaging laboratory and DEXA
scan quality was also centralized for each site.

Nevertheless, there are also some limitations. The number of
patients in each arm was relatively small due to various circum-
stances like the war in Ukraine, the COVID-19 pandemic, and the
inherent challenge of recruiting patients for a follow-up of
24months. Another drawback could be the number of sites
(n=56) across different countries, but all DEXA scans were
reviewed by a central imaging laboratory. Only patients from
PRIMROSE 1 who were taking a placebo were randomized into
two arms, placebo or linzagolix, explaining the relatively high
number of black women in the placebo group. Moreover, keeping
patients for such a long follow-up (24 months) in a placebo group
is not easy, accounting for the small number of women in
this arm.

Conclusion

In the present study, even if the number of patients is relatively
small, it can be assumed that the modest BMD changes observed
from both post-treatment and pre-treatment baselines to month
24 after cessation of therapy may not have any clinically relevant
effect on overall bone health of linzagolix-treated individuals,
since their Z-scores were mostly within the expected range for
age. In addition, changes in BMD values and Z-scores in the linza-
golix treatment groups were also largely within the same range
as in the placebo group, demonstrating that there are no long-
term consequences on BMD after the end of linzagolix treatment.

Data availability
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documents may be shared according to criteria established by
Theramex and/or industry best practices to maintain the privacy
of study participants.
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