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ABSTRACT

STUDY QUESTION: What is the efficacy and safety of long-term treatment (up to 2years) with relugolix combination therapy (CT) in
women with moderate to severe endometriosis-associated pain?

SUMMARY ANSWER: For up to 2 years, treatment with relugolix CT improved menstrual and non-menstrual pain, dyspareunia, and
function in women with endometriosis; after an initial decline of <1%, the mean bone mineral density (BMD) remained stable with
continued treatment.

WHAT IS KNOWN ALREADY: Endometriosis is a chronic condition characterized by symptoms of dysmenorrhea, non-menstrual
pelvic pain (NMPP), and dyspareunia, which have a substantial impact on the lives of affected women, their partners, and families.
SPIRIT 1 and 2 were phase 3, randomized, double-blind, placebo-controlled studies of once-daily relugolix CT (relugolix 40mg, oestra-
diol 1mg, norethisterone acetate 0.5mg) in premenopausal women (age 18–50years) with endometriosis and moderate-to-severe
dysmenorrhea and NMPP. These trials demonstrated a significant improvement of dysmenorrhea, NMPP, and dyspareunia in women
treated with relugolix CT, with minimal decline (<1%) in BMD versus placebo at 24weeks.

STUDY DESIGN, SIZE, DURATION: Patients participating in this open-label, single-arm, long-term extension (LTE) study of the
24-week SPIRIT pivotal studies (SPIRIT 1 and 2) received up to an additional 80weeks of once-daily oral relugolix CT treatment
between May 2018 and January 2023.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Premenopausal women with confirmed endometriosis and moderate to severe
dysmenorrhea and NMPP who completed the 24-week pivotal studies (SPIRIT 1 and 2 trials; Giudice et al., 2022) and who met all entry
criteria were eligible to enrol. Two-year results were analysed by treatment group based on original randomization in pivotal studies:
relugolix CT, delayed relugolix CT (relugolix 40mg monotherapy for 12weeks, followed by relugolix CT), or placebo!relugolix CT
(placebo for 24 weeks followed by relugolix CT). The primary endpoints of the LTE study were the proportion of dysmenorrhea and
NMPP responders at Week 52 and Week 104/end-of-treatment (EOT). A responder was a participant who achieved a predefined, clini-
cally meaningful reduction from baseline in Numerical Rating Scale (NRS) scores (0¼no pain, 10¼worst pain imaginable) for the spe-
cific pain type with no increase in analgesic use. The predefined clinically meaningful threshold for dysmenorrhea was 2.8 points
and for NMPP was 2.1 points. Secondary efficacy endpoints included change from baseline in Endometriosis Health Profile-30
(EHP-30) pain domain scores, a measure of the effects of endometriosis-associated pain on daily activities (function), NRS scores for
dysmenorrhea, NMPP, dyspareunia, and overall pelvic pain, and analgesic/opioid use. Safety endpoints included adverse events and
changes in BMD.

MAIN RESULTS AND THE ROLE OF CHANCE: Of 1261 randomized patients, 1044 completed the pivotal studies, 802 enrolled in the
LTE, 681 completed 52weeks of treatment, and 501 completed 104weeks of treatment. Demographics and baseline characteristics of
the extension population were consistent with those of the original randomized population. Among patients randomized to relugolix
CT at pivotal study baseline who continued in the LTE (N¼277), sustained improvements in endometriosis-associated pain were
demonstrated through 104weeks. The proportion of responders at Week 104/EOT for dysmenorrhea and NMPP was 84.8% and 75.8%,
respectively. Decreases in dyspareunia and improvement in function assessed by EHP-30 pain domain were also sustained over
2 years. At Week 104/EOT, 91% of patients were opioid-free and 75% of patients were analgesic-free. Relugolix CT over 104weeks was
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well tolerated with a safety profile consistent with that observed over the first 24weeks. After initial least squares mean BMD loss
<1% at Week 24, BMD plateaued at Week 36 and was sustained for the duration of 104weeks of treatment. Efficacy and safety results
were generally consistent in women in the placebo!relugolix CT and delayed relugolix CT groups.

LIMITATIONS, REASONS FOR CAUTION: The study was conducted as an open-label study without a control group over the 80weeks
of the extension period. Of the 802 patients who were enrolled in this LTE study, 681 patients (84.9%) and 501 patients (62.5%) of
patients completed 52 and 104weeks of treatment, respectively. In addition, there currently are no comparative data to other hor-
monal medications. Finally, a third (37.4%) of the study population terminated participation early.

WIDER IMPLICATIONS OF THE FINDINGS: In conclusion, relugolix CT offers an additional option to help address an important
unmet clinical need for effective, safe, and well-tolerated medical treatments for endometriosis that can be used longer-term, reduc-
ing the need for opioids and improving quality of life. The findings from this study may help support the care of women with endo-
metriosis seeking longer-term effective medical management of their symptoms.

STUDY FUNDING/COMPETING INTEREST(S): This study was funded by Myovant Sciences GmbH (now Sumitomo Pharma
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Endometriosis Guideline Group (all funds went to the University of Oxford); N.P.J. reports personal fees from Myovant Sciences,
during the conduct of the study, personal fees from Guerbet, personal fees from Organon, personal fees from Roche Diagnostics;
S.A.-S. reports personal fees from Myovant Sciences, personal fees from Bayer, personal fees from Abbvie, personal fees from
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Introduction
Endometriosis is a chronic inflammatory condition characterized
by symptoms of menstrual and non-menstrual pain, infertility,
and dyspareunia, affecting 10% of women in their reproductive
years (Vercellini et al., 2011; Johnson and Hummelshoj, 2013;
Dunselman et al., 2014; Kuznetsov et al., 2017; Zondervan et al.,
2020). Pelvic pain, a common symptom of endometriosis, may oc-
cur with menses (dysmenorrhea), between or in the absence of
menses (non-menstrual pelvic pain [NMPP]), and/or with sexual
intercourse (dyspareunia).

Treatments for endometriosis include surgical removal and
pharmacologic suppression of lesions (Becker et al., 2017;
Soliman et al., 2018; Lamvu et al., 2019; Singh et al., 2020). While
surgical resection and/or ablation are sometimes successful,
symptoms may persist or recur despite appropriate surgery
(Singh et al., 2020; Becker et al., 2022). Pharmacologic manage-
ment of endometriosis includes analgesics and therapies to lower
endogenous oestrogen, given that oestradiol is a key driver of en-
dometrial growth and contributes to local inflammation and
pain (Zondervan et al., 2018, 2020). Oral contraceptives, proges-
tins and, less often, androgens are used with few approved spe-
cifically for management of pain associated with endometriosis
(e.g. medroxyprogesterone, dienogest, and danazol). Approved
therapies also include GnRH agonists and antagonists, which
function by inducing a hypoestrogenic state, thus posing the risk
of decline in bone mineral density (BMD). The GnRH antagonist,
elagolix, is approved for reduction of endometriosis-associated
pain in USA (Orilissa USPI, 2023). However, use of its high dose
(200mg twice daily) is limited to 6months because of concerns of
BMD loss. The lower dose (150mg daily) is approved for use up to
2 years, though dysmenorrhea and NMPP responder rates are not
qualitatively as high as in the group that received 200mg twice
daily, and its effects on dyspareunia and the use of rescue anal-
gesics were not statistically different compared with placebo
(Taylor et al., 2017; Orilissa USPI, 2023). Thus, the clinical need
remained for an effective oral therapeutic agent that significantly
improved moderate-to-severe pain symptoms and could be used
for longer term because hypoestrogenic risk, particularly as man-
ifested as BMD loss, had been mitigated.

Relugolix, an oral non-peptide GnRH receptor antagonist,

competitively binds to pituitary GnRH receptors, blocking binding

of endogenous GnRH with reversible, dose-dependent suppres-

sion of LH and FSH, and ovarian oestradiol and progesterone pro-

duction (Miwa et al., 2011; Nakata et al., 2014; Osuga et al., 2021).

Relugolix combination therapy (relugolix CT; 40mg relugolix,

1mg oestradiol, and 0.5mg norethisterone acetate) was devel-

oped as a once-daily oral treatment for endometriosis-associated

pain or symptomatic uterine fibroids to provide a treatment op-

tion that could be used for a longer duration. In USA, relugolix CT

is approved for management of heavy menstrual bleeding associ-

ated with uterine fibroids as well as for treatment of moderate-

to-severe pain associated with endometriosis (MYFEMBREE PI,

2023). In the European Union and other regions, relugolix CT is

approved for treatment of moderate to severe symptoms in

women with uterine fibroids as well as for the symptomatic

treatment of endometriosis in women with a history of previous

medical or surgical treatment (Ryeqo SmPC, 2023). In two repli-

cate, 24-week, multinational phase 3, double-blind, randomized,

placebo-controlled studies (SPIRIT 1 and SPIRIT 2), once-daily

relugolix CT significantly reduced dysmenorrhoea, NMPP, and

dyspareunia, improved daily function, and was well tolerated

with minimal (<1%) bone density loss in women with moderate-

to-severe endometriosis-associated pain (Giudice et al., 2022).

Herein, we report the long-term (2-year) efficacy and safety of

relugolix CT in the treatment of endometriosis-associated pain

from the SPIRIT long-term extension (LTE) study.

Materials andmethods
Study design and patients
This was a multinational, open-label, single-arm, long-term

efficacy, and safety extension study (ClinicalTrials.gov:

NCT03204318; NCT03204331; NCT03654274) of the two pivotal

SPIRIT 1 and SPIRIT 2 trials (Giudice et al., 2022). As previously

reported, participants who enrolled in the replicate pivotal

SPIRIT 1 or SPIRIT 2 studies were premenopausal women

18–50years of age who had moderate to severe dysmenorrhea

and NMPP, as defined by patient self-assessment by Numerical
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Rating Scale (NRS) scores at baseline, were eligible to participate
(Giudice et al., 2022).

Patients who completed 24weeks of treatment in one of the
three study groups in the pivotal studies and were not expecting
to undergo additional procedures for endometriosis within the
study period were eligible to enrol in the SPIRIT LTE study. Study
drug was to be initiated on Days 1–14 of the menstrual cycle and
administered in the fasted state in the morning at the same time
each day. A missed dose of study drug was to be taken as soon as
possible and in a fasted state if possible (at least 1h before or 2h
after a meal). A negative pregnancy test was required at baseline
and at each study visit. As a precautionary measure, patients
were required to use non-hormonal contraception. Patients with
a Z-score for BMD <−2.0 or with a decrease of BMD �7% from
pivotal study baseline to Week 24 at lumbar spine, total hip, or
femoral neck were excluded. Full inclusion/exclusion criteria can
be found in the Supplementary Materials and Methods. There
was no wash-out period from investigational product in the piv-
otal studies, and all patients received their first dose of relugolix
CT after being deemed eligible and providing informed consent
(Supplementary Fig. S1). Patients remained blinded to their treat-
ment allocation during the pivotal studies.

All patients received oral relugolix CT once daily for up to
80weeks. The study objectives were to evaluate long-term effi-
cacy and safety up to 104weeks of treatment with relugolix CT,
which included the antecedent 24weeks of treatment during ei-
ther pivotal study. Patient visits occurred every 4weeks. The
studies were conducted in accordance with International
Conference on Harmonisation guidelines and ethical principles
of the Declaration of Helsinki. All patients provided written in-
formed consent.

Assessments
The dual primary endpoints were the proportion of dysmenor-
rhea and NMPP responders at Week 52 and at 104/end-of-treat-
ment (EOT), based on daily patient-reported NRS scores (0¼no
pain, 10¼worst pain imaginable) and no increase in analgesic
use. Secondary efficacy endpoints included the change from
baseline in NRS score for dysmenorrhea, NMPP, and dyspareunia;
Endometriosis Health Profile 30 (EHP-30); and analgesic and opi-
oid use, all of which were reported for the pivotal studies. Only
study-specified Tier 1 (ibuprofen) and Tier 2 (opioid-containing)
analgesics were allowed throughout the study, and these medi-
cations were to be taken for control of pain, not prophylactically.
Pain level and analgesic use were collected daily in a patient elec-
tronic diary.

Safety assessments included adverse events (AEs), mammo-
grams in patients >40years of age, and endometrial biopsy. AEs,
including vasomotor symptoms, that participants reported at
each study visit were evaluated and graded by the investigator
according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (NCI CTCAE) version 5.0.
Of note, the incidence of vasomotor symptoms was reported as a
safety objective in the pivotal trials to determine the incidence
with relugolix CT (Giudice et al., 2022). BMD by dual-energy X-ray
absorptiometry was evaluated at the Week 36, Week 52, and
Week 104/early termination visits. Treatment compliance and
eDiary compliance also were evaluated.

Statistical analysis
Since this was an extension study, the sample size was deter-
mined by the number of patients who completed the two repli-
cate pivotal SPIRIT studies (SPIRIT 1 and SPIRIT 2) who were
eligible and willing to participate in the extension study. It was

anticipated that this study would enrol approximately 800
patients (67% of the total number of patients enrolled in the piv-
otal studies). The pivotal study baseline (Giudice et al., 2022) was
used as the reference point in the LTE study report for analysing
all change from baseline-related endpoints unless otherwise
specified. Efficacy and safety data were analysed using descrip-
tive statistics for patients who enrolled in the study and who re-
ceived at least one dose of study drug in the LTE period; they are
described here by the randomized treatment group at pivotal
study baseline: relugolix CT: relugolix CT for up to 104weeks;
delayed relugolix CT: 12weeks of relugolix 40mg monotherapy
followed by relugolix CT for up to 92weeks; and placebo ! relu-
golix CT: 24weeks of placebo followed by relugolix CT for up
to 80weeks.

There were no statistical comparisons among treatment
groups performed for this extension study. The methods for ana-
lysing the efficacy endpoints in the LTE study, including missing
data handling rules, were similar to those used in the two repli-
cate SPIRIT 1 and SPIRIT 2 studies (Giudice et al., 2022).

The primary endpoints were the proportion of dysmenorrhea
and NMPP responders at Week 52 and Week 104/EOT. A dysmen-
orrhea responder was pre-defined as having a decrease of at least
2.8 points in the dysmenorrhea NRS with no increase in analgesic
use as recorded in a daily electronic diary (eDiary). An NMPP re-
sponder was pre-defined as having a decrease of at least 2.1
points in the NMPP NRS with no increase in analgesic use. The
clinically meaningful change thresholds of 2.8 points decrease
for dysmenorrhea and 2.1 points decrease for NMPP, as well as
−20 points for the functional endpoint assessed by EHP-30 pain
domain, established for the pivotal studies based on anchor-
based analyses (Giudice et al., 2022), were applied to the LTE. The
proportion of patients who had minimal to no pain (NRS �1) at
Week 104 and the median time to minimal to no pain were
assessed using the Kaplan–Meier method as post hoc analyses for
both dysmenorrhea and NMPP performed on all patients enrolled
on the pivotal and LTE studies.

The severity of all AEs was evaluated by the investigator based
on CTCAE and were coded to preferred term and system organ
class using MedDRA (version 22.0; MedDRA Maintenance and
Support Services Organization (MSSO, Herndon, VA, USA)).
Laboratory values were classified by toxicity grade based on
the CTCAE.

Results
Patients
Patient disposition is shown in Fig. 1. Of 1261 women random-
ized, 1044 completed the primary SPIRIT studies (Giudice et al.,
2022). A total of 802 (77%) women from 171 trial centres enrolled
in the SPIRIT LTE study and 799 were analysed. Three patients
(two in placebo group, one in relugolix CT group) from one study
site were excluded from all efficacy and safety analyses owing to
non-compliance with International Council for Harmonisation
E6R2 Good Clinical Practice guidelines and identified data integ-
rity issues. There were 681 (85%) and 501 (62%) patients who
completed 52 and 104weeks of treatment, respectively. The
study drug compliance with relugolix CT cumulatively from piv-
otal baseline, and restricted to the LTE study period, was 98.7%
and 98.8%, respectively.

Twenty-six patients across both pivotal studies were not eligi-
ble for the LTE study because they met the BMD loss exclusion
criteria of either percentage change �7% or Z-score <−2.0: most
of them belonged to the delayed relugolix CT group (n¼17),

528 | Becker et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/39/3/526/7577817 by guest on 05 M
arch 2024

https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/dead263#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/dead263#supplementary-data


seven women were in the relugolix CT group and two in the pla-
cebo group. A total of 300 (37.4%) patients discontinued partici-
pation in the LTE study, and reasons were similar across the
three treatment groups. Withdrawal by the subject (104 patients
[13.0%]) or for other reasons (88 patients [11%]) were the most
common, which included personal decision (notably study
fatigue); desire for pregnancy; and inability to meet study
demands because of relocation, work, or childcare. AEs leading
to discontinuation were reported in 66 patients (8.2%), most of
which were reported for only one patient each, and the majority
were non-serious. There were 16 patients (2.0%) who discontin-
ued the study owing to lack of efficacy.

Baseline characteristics of those who completed the pivotal
studies and enrolled in the LTE are summarized in Table 1. The
mean age was 34 years and the majority of patients were White
(92%). One-third had received a surgical diagnosis of endometri-
osis �5years prior to the study. A high percentage (84%) had un-
dergone prior surgical interventions for endometriosis, which
was comparable to the pivotal studies. Demographics and
baseline characteristics of the extension population also were
generally similar to those of the pivotal studies population
(Giudice et al., 2022).

Efficacy
Among patients in the relugolix CT group, at Week 52, 84.8%
(95% CI: 80.1%, 88.8%) of patients met the dysmenorrhea re-
sponder definition and 73.6% (95% CI: 68.0%, 78.7%) of patients
met the NMPP responder definition. These rates of response were
sustained through Week 104/EOT: with 84.8% (95% CI: 80.1%,
88.8%) for dysmenorrhea and 75.8% (95% CI: 70.3%, 80.7%) for
NMPP (Fig. 2). As expected, patients who were in the placebo !
relugolix CT group showed improvement in dysmenorrhea and
NMPP scores soon after commencing relugolix CT, with Week
104/EOT responder rates of 80.4% and 73.1%, that were generally
consistent with those observed in the relugolix CT group.
Findings for patients who were in the delayed relugolix CT group

showed similar responder rates for dysmenorrhea and NMPP as
those patients who had been treated with relugolix CT. Similar to
the pivotal studies (Giudice et al., 2022), the robustness of the
results of the primary endpoints was supported by consistent find-
ings across subgroups defined by age, race, BMI, and geography.
The responder rates in the subgroups were comparable to those in
the overall population (Supplementary Tables S1 and S2).

In the relugolix CT group, the pivotal study baseline least
squares (LS) mean dysmenorrhea NRS score of 7.4 decreased to
1.2 at Week 52, representing an 83.9% reduction from baseline
and a reduction in pain scores from severe to mild. At Week 104,
the LS mean reduction in the dysmenorrhea score was main-
tained (1.2 [0.17]), representing an 84.0% decrease from baseline
(Fig. 3A). In the pivotal studies, the post-baseline LS mean dys-
menorrhea NRS score in the placebo group was higher than in
the relugolix groups through Week 24 (Giudice et al., 2022).
Following transition to relugolix CT in the LTE study, there was a
sharp decline in the score between Weeks 24 and 36. With con-
tinued treatment, the LS mean dysmenorrhea score in this group
became comparable to the scores in the relugolix group, and the
mean dysmenorrhea score at Week 104 was 1.5, representing a
78.8% reduction from baseline. Findings for patients who were
originally randomized to delayed relugolix CT group showed sim-
ilar responder rates for dysmenorrhea.

For NMPP NRS scores over time, the pivotal study baseline LS
mean scores were 5.9 for the relugolix CT and 5.9 in the placebo
group. In the relugolix CT group, the LS mean NRS score de-
creased to 2.2 at Week 52, representing a 63.5% decrease from
baseline and a reduction in pain from moderate to mild (Fig. 3B).
At Week 104, the LS mean reduction in the NMPP score was
maintained (1.8 [0.17]), representing a 68.9% decrease from base-
line. In the pivotal study, the LS mean NMPP NRS score in the pla-
cebo group remained higher than in the relugolix groups through
Week 24 (Giudice et al., 2022). Following transition to relugolix CT
in the LTE study, starting at Week 28, the LS mean NMPP score in
placebo ! relugolix CT group decreased noticeably and

Randomized:1261*

Relugolix Combination 
Therapy
(N=420)

Placebo
(N=421)

Delayed Relugolix
Combination Therapy

(N=420)

Entered Extension: 
277 (65.8%) 

Completed: 342 (81.2%) Completed: 355 (84.5%) 

Entered Extension: 
278 (66.2%) 

Completed: 347 (82.6%) 

Entered Extension: 
247 (58.8%) 

Completed Week 52**
236 (85.2%) 

Completed Week 52
237 (85.3%) 

Completed Week 52
208 (84.2%) 

Treatment Discontinuation: 106
Adverse Event: 19 (6.8%)
Protocol Deviation: 0
Lost to Follow-Up: 8 (2.9%)
Withdrawal by Subject:  46 (16.5%)
Lack of Efficacy: 4 (1.4%)
Pregnancy: 2 (0.7%)

)%7.9(72:rehtO

Treatment Discontinuation: 102
Adverse Event: 24 (8.7%)
Protocol Deviation: 0
Lost to Follow-Up: 5 (1.8%)
Withdrawal by Subject: 33 (11.9%)
Lack of Efficacy: 7 (2.5%)
Pregnancy: 1 (0.4%)

)%6.11(23:rehtO

Treatment Discontinuation: 92
Adverse Event: 23 (9.3%)
Protocol Deviation: 2 (0.8%)
Lost to Follow-Up: 6 (2.4%)
Withdrawal by Subject: 25 (10.1%)
Lack of Efficacy: 5 (2.0%)
Pregnancy: 2 (0.8%)

)%7.11(92:rehtO

Completed Week 104
174 (62.8%) 

Completed Week 104
172 (61.9%) 

Completed Week 104
155 (62.8%) 

Figure 1. Patient disposition in a 2-year efficacy and safety study of relugolix combination therapy in women with endometriosis-associated pain.
�All patients will be described according to their baseline treatment assignment in SPIRIT Phase 3 studies. ��One patient consented to Week 52 and
completed at Week 52.
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subsequently became similar to the scores in the relugolix CT
group. The mean NMPP score at Week 104 was 2.0, representing a
67.8% decline from baseline. Findings for patients who were origi-
nally in the delayed relugolix CT group showed similar responder
rates for NMPP as the patients who had been treated with relugo-
lix CT for 104weeks.

After 104weeks of treatment, in the relugolix CT group, 95.3%
of women had minimal to no dysmenorrhea (NRS � 1) and 70.5%
had minimal to no NMPP (NRS �1) (Supplementary Fig. S2).

Furthermore, in the relugolix CT group, similar observations as
for NMPP were observed for overall pelvic pain and dyspareunia by
NRS score by visit, with steady declines in pain through Week 104,
with reductions from baseline of 69.4% and 58.6%, respectively
(Supplementary Fig. S3 and S3C). For patients treated with placebo
who transitioned to relugolix CT, response to treatment was con-
sistent with that observed in the relugolix groups during the first
24weeks in the pivotal phase 3 studies (Giudice et al., 2022).

These improvements in pain were associated with better func-
tion as reflected by reduction in the EHP-30 pain domain score
(Supplementary Fig. 3D) and less use of opioids and analgesics

overall through 104weeks of treatment. The proportion of
women classified as responders based on reduction in EHP-30
pain domain was 83.6%, 81.2%, and 79.5% at Week 52 and 88.6%,
85.4%, and 86.1% at Week 104 in the relugolix CT, delayed relugo-
lix CT, and placebo!relugolix CT groups, respectively. There was
nearly universal use of analgesics at baseline in the LTE study
population (92.8% for relugolix CT, 92.3% for delayed relugolix
CT, and 92.7% for placebo!relugolix CT). With relugolix CT
through 104weeks, there was a substantial number of women
who became analgesic-free (7.2% analgesic-free at baseline ver-
sus 75.1% analgesic-free at Week 104/EOT) and opioid-free
(60.6% opioid-free at baseline versus 91.0% opioid-free at Week
104/EOT) (Fig. 4). Similar findings were observed in the subjects
who transitioned from relugolix monotherapy (i.e. delayed relu-
golix CT) and from placebo to relugolix CT.

Safety
Treatment with relugolix CT for up to 104weeks was generally
well tolerated. No new safety trends emerged with long-term
treatment up to 104weeks. In the relugolix CT group, 73.6% and

Table 1. Demographic and baseline characteristics of those who had completed the pivotal studies and enrolled in the long-term
extension study.�

Placebo! Relugolix CT Relugolix CT Delayed Relugolix CT
(N¼275) (N¼277) (N¼247)

Age—mean years (SD) 34.3 (6.48) 34.1 (6.55) 35.1 (6.49)
BMI—kg/m2 mean (SD) 26.3 (6.45) 25.6 (6.03) 26.0 (5.41)
Race—n (%)‡

White 248 (90.2%) 254 (91.7%) 236 (95.5%)
Black 13 (4.7%) 17 (6.1%) 7 (2.8%)
Other 14 (5.9%) 6 (2.1%) 4 (1.6%)

Geographic Region—n (%)
North America 56 (20.4%) 48 (17.3%) 46 (18.6%)
Rest of world 219 (79.6%) 229 (82.7%) 201 (81.4%)

Time since surgical diagnosis of endometriosis
Mean years (SD) 3.9 (3.24) 4.0 (3.52) 4.7 (4.00)
<5—n (%) 188 (68.4%) 188 (67.9%) 149 (60.3%)
5–10—n (%) 87 (31.6%) 89 (32.1%) 98 (39.7%)

Bone mineral density (BMD)
BMD (g/cm2) lumbar spine L1–L4—mean (SD) 1.14 (0.15) 1.14 (0.16) 1.14 (0.14)
z-score§

Lumbar spine, mean (SD) 0.30 (1.01) 0.18 (1.09) 0.20 (1.02)
Total hip, mean (SD) 0.09 (0.92) 0.03 (0.94) 0.03 (0.90)

Patient-reported outcome measures
Dysmenorrhoea NRS scorek

Mean (SD) 7.2 (1.63) 7.1 (1.66) 7.0 (1.65)
<7—n (%) 112 (40.7%) 117 (42.2%) 111 (44.9%)
�7—n (%) 163 (59.3%) 160 (57.8%) 136 (55.1%)

Non-menstrual pelvic pain NRS scorek

Mean (SD) 5.7 (1.91) 5.7 (1.93) 5.5 (1.98)
<4—no. (%) 57 (20.7%) 61 (22.0%) 69 (27.9%)
�4—no. (%) 218 (79.3%) 216 (78.0%) 178 (72.1%)

Dyspareunia NRS scorek

<7—no. (%) 112 (40.7%) 117 (42.2%) 111 (44.9%)
�7—no. (%) 163 (59.3%) 160 (57.8%) 136 (55.1%)

EHP-30 pain domain¶

n (%) 274 271 247
Mean (SD) 56.2 (14.9) 57.3 (17.1) 56.2 (16.4)

Analgesic use—no. (%)��
Non–opioids 245 (89.1) 249 (89.9) 220 (89.1)
Opioids 95 (34.5) 109 (39.4) 96 (38.9)

� All analyses were performed on the modified intention-to-treat population defined as all enrolled patients who took at least one study drug. BMD, bone
mineral density; CT, combination therapy; EHP-30, Endometriosis Health Profile 30-item Questionnaire; NRS, Numerical Rating Scale.

‡ Race was reported by the patient. ‘Other’ includes Asian, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, other, and multiple.
§ Z-scores are based on analysis of corrected BMD data as assessed by a central radiology laboratory.
k Scores for dysmenorrhoea, dyspareunia, and non-menstrual pelvic pain range from 0 (no pain) to 10 (worst pain imaginable) and were recorded in an

electronic daily diary.
¶ EHP-30 assesses the impact of pain to limit normal daily activity including ability to participate in social events, jobs, standing, sitting, walking, exercising,

appetite, and sleep on a scale of 0–100, with higher scores denoting greater functional impact of pain.�� Baseline refers to the time before the 35-day run-in period where patients were assigned specific analgesics on the National Cancer Institute’s Common
Terminology for Adverse Events (version 5.0).
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93.1% of women had at least one AE during participation in the
80weeks of LTE study and cumulatively over the 104-week treat-
ment period, respectively (Table 2). Few patients were reported
to have grade 3 or higher events (5.4% during the LTE study,
10.8% cumulatively), or serious AEs (2.5% during the LTE study,
4.0% cumulatively). There was no disproportionate increase in
the incidence of either serious or non-serious AEs in the relugolix
CT group up to 104weeks of treatment relative to what was ob-
served throughWeek 24. There were no fatal AEs.

In the relugolix CT group, over the cumulative 104-week treat-
ment period in the phase 3 pivotal studies and the LTE study, the
most frequently reported AEs included headache (52.7%), naso-
pharyngitis (22.7%), and hot flush (14.8%). Within the LTE popu-
lation, none of the headaches were reported as severe, and one
resulted in discontinuation. The incidence of hot flush during the

LTE study of up to 80weeks was 3.2%. For most of these preferred
terms, the AEs were reported within the first 24weeks of treat-
ment and generally there was no evidence of a time-dependent
increase in events.

Among patients treated for up to 104weeks in the relugolix-
CT group, the small mean decrease in BMD observed over the ini-
tial 24weeks of treatment did not progress during continued
treatment up to 104weeks. At Week 12, a non-clinically mean-
ingful decline in BMD at the lumbar spine was observed in the
relugolix-CT group with mean bone loss <1% through Week 24
(Week 12, −0.57%; Week 24, −0.92%), after which BMD stabilized
starting at Week 36, with percentage change from baseline of
−0.66%, −0.69%, and −0.45% at Weeks 36, 52, and 104, respec-
tively (Fig. 5A). For total hip BMD, there was evidence of stability
with LS mean change from baseline to Week 52 and Week 104 of
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Figure 2. Dysmenorrhoea and non-menstrual pelvic pain responders. The dual primary endpoints of both trials were the proportion of
(A) dysmenorrhoea and (B) non-menstrual pelvic pain responders at Week 104. Error bars represent 95% CI. A responder was a woman who achieved a
predefined, clinically meaningful reduction from baseline in Numerical Rating Scale scores (0¼no pain, 10¼worst pain imaginable) for the specific
pain type with no increase in analgesic use. The clinically meaningful threshold for dysmenorrhea was 2.8 points and for non-menstrual pelvic pain
was 2.1 points. EOT, end of treatment.
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Figure 3. Change from baseline in average dysmenorrhea NRS score, non-menstrual pelvic pain NRS score, dyspareunia Numerical Rating Scale
score, and EHP-30 pain domain. Change from baseline in average (A) dysmenorrhea NRS score, (B) non-menstrual pelvic pain NRS score, (C)
dyspareunia numerical rating scale score, and (D) EHP-30 pain domain. During the first 24weeks of treatment, patients receive one of three
randomized treatments: relugolix CT, relugolix for 12weeks followed by relugolix CT for 12weeks, or placebo. Starting at Week 24, the beginning of the
SPIRT long-term extension study, all patients received relugolix CT. The score range for the Numerical Rating Scale (NRS) for dysmenorrhea, non-
menstrual pelvic pain (NMPP), and dyspareunia was 0 (no pain) to 10 (pain as bad as you can imagine). The score range for the EHP-30 pain domain
ranged from 0 to 100, with higher scores denoting a greater functional impact of pain. CT, combination therapy; EHP-30, Endometriosis Health
Profile-30.
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−0.10% and 0.82%, respectively (Fig. 5B). In the placebo!
relugolix CT group, LS mean percentage changes at Weeks 12, 24,
36, 52, and 104 in BMD at the lumbar spine were −0.11%, 0.07%,
0.09%, −0.09%, and −0.09%, respectively (Fig. 5A). In the delayed
relugolix CT group, after the initial decline in lumbar spine BMD ob-
served during the 12weeks on relugolix monotherapy, results
showed a plateau betweenWeeks 24 and 36 followed by a trend to-
wards recovery through Week 104, likely reflecting the effect of the
oestradiol/norethisterone acetate in relugolix CT. LS mean percent-
age changes from pivotal baseline to Weeks 12, 24, 36, 52, and 104
were −1.72%, −1.86%, −1.60%, −1.09%, and −0.56%.

As oestradiol, and progesterone are effectively suppressed,
menstrual bleeding declined both in frequency and intensity. In
the relugolix CT group, 79.6% of women achieved amenorrhea at

Week 52 and 76.9% at Week 104/EOT. In parallel, the number of
days of menstrual bleeding declined. Among patients who con-
tinued to menstruate, bleeding intensity also declined. Residual
bleeding, when present, was primarily limited to patient reports
of spotting. AEs of uterine bleeding (e.g. preferred terms of men-
orrhagia, metrorrhagia, menstruation irregular) were infrequent
(6.9% of women), generally had an onset within the first 1–
2months of treatment and were rarely treatment limiting. After
discontinuation of treatment, the median time for menstruation
resumption was 33days. Over 90% of patients resumed menses
within 2months of stopping relugolix CT. In patients for whom
menstruation did not resume and for whom data were available
(6 patients, 2.5%), pregnancy, menopause, surgery, or medical
treatment were the explanation.
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Figure 4. Percentage of women who were opioid-free and analgesic-free at Week 52/Week 104. Secondary efficacy endpoints included opioid and
analgesic use. Graphs in Fig. 4 depict observed data for the Week 52 assessment, while the final assessment includes data for patients at either the
Week 104 visit or the end of treatment (EOT) visit. At Week 104/EOT, 91% of patients in the relugolix CT group were opioid-free (A) and 75% of patients
were analgesic-free (B), with generally consistent results in women in the placebo!relugolix CT and delayed relugolix CT groups. CT,
combination therapy.
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While all patients were required to follow contraception
requirements of the study protocol; there were seven pregnan-
cies reported during the SPIRIT LTE (Supplementary Table S3).
Patient compliance data from diary data and study drug account-
ability in the month prior to estimated conception suggest that
two or more doses may have been missed in most of the seven
patients. Outcomes from pregnancies with conception dates dur-
ing the LTE study are as follows: three pregnancies resulted in
live births of healthy infants without any complications, one pa-
tient had a missed abortion, one a spontaneous abortion, and
one an elective abortion, while one patient was lost to follow-up.

There was a total of five fractures associated with trauma dur-
ing 80weeks of treatment—one in the relugolix-CT group and
four in the delayed relugolix-CT groups.

Discussion
Endometriosis is a chronic disease affecting more than 190 mil-
lion women worldwide. Thus, an effective therapeutic agent that
can provide women with a once-daily treatment option that
improves moderate to severe pain associated with the disease
while mitigating the known risks of a hypoestrogenic state is an
important medical need.

Data from the SPIRIT LTE study in patients with endometriosis
expanded earlier observations by demonstrating that the efficacy
observed during the initial 24weeks of treatment in the pivotal
phase 3 SPIRIT studies was maintained over time with continued
treatment. In a population of women with moderate to severe
pain associated with endometriosis, treatment with once-daily
oral relugolix CT for up to 104weeks provided sustained and clin-
ically meaningful reductions in dysmenorrhea, NMPP, and dys-
pareunia, leading to a substantial increase in the percentage of
women who were opioid-free (60.6% opioid-free at baseline ver-
sus 91% opioid-free at Week 104 in the relugolix CT group) and
analgesic-free (7.2% analgesic-free at baseline versus 75%
analgesic-free at Week 104 in the relugolix CT group). Most
women treated with relugolix CT for up to 104weeks had mini-
mal to no pain associated with endometriosis both during and
between their periods. The significant improvement observed in
pain was associated with clinically meaningful improvements in

function (as measured by the EHP-30 pain domain). Over half of
patients (51.6%) experienced amenorrhea by Week 12 and nearly
80% of patients by Week 52; of the remaining patients, most de-
scribed only spotting.

The observed cumulative AE profile over 104weeks was gener-
ally consistent with that reported through the first 24weeks of
treatment, with no new safety signals identified. An important
safety objective of the SPIRIT studies was to evaluate the extent
to which BMD loss expected with GnRH antagonist use could be
mitigated with relugolix CT during long-term use. Over 104weeks
of treatment, there was evidence of mean bone loss <1% in the
relugolix CT group at the most oestrogen-sensitive anatomic lo-
cation—the lumbar spine. At Week 12, a small, not clinically
meaningful, decline in BMD was observed in the relugolix CT
group that likely reflects adaptation to the new steady state of
oestradiol concentrations associated with relugolix CT, which are
lower than the average concentrations observed over the course
of a natural menstrual cycle (Stricker et al., 2006) and are consis-
tent with concentrations observed during the early follicular
phase (Barbieri, 1992; Cramer et al., 2002; Stricker et al., 2006). The
decline in BMD subsequently plateaued starting at Week 36, and
BMD was sustained for the duration of treatment up to 104weeks
with little evidence of progressive bone loss over time.

The oestrogen threshold hypothesis posits that there is a thera-
peutically effective oestradiol range (30–45pg/ml) at which signs
and symptoms of endometriosis or fibroids improve while minimiz-
ing hypoestrogenic adverse effects (Friedman et al., 1990; Barbieri,
1992). Phase 1 studies with relugolix CT supported the hypothesis
that helped to justify the rationale for the confirmation phase 3 tri-
als, including mean oestradiol concentrations between 32.6 and
44.5pg/ml (Duijkers, 2020) and maintenance of bone remodelling
balance and fewer vasomotor symptoms with relugolix CT com-
pared with relugolix monotherapy (Lukes et al., 2023). While oestra-
diol concentrations were not measured in all women in the
endometriosis Phase 3 programme, clinical outcomes from the clin-
ical trial studies were internally consistent and similarly supported
the oestrogen threshold hypothesis: improvement in endometriosis
symptomatology withmitigation of hot flushes and BMD loss.

While relugolix CT was associated with suppression of pitui-
tary gonadal hormone secretion and ovarian sex steroid

Table 2 Adverse events in the three study groups in the 80weeks of LTE study and cumulatively over the 104-week treatment period.

Placebo! Relugolix CT Relugolix CT Delayed Relugolix CT
(N¼275) (N¼277) (N¼247)

Cumulative LTE Cumulative LTE Cumulative LTE

Adverse events� (AE)—n (%)
Any AE 249 (90.5%) 215 (78.2%) 258 (93.1%) 204 (73.6%) 224 (90.7%) 177 (71.7%)
AE Leading to study treatment discontinuation 23 (8.4%) 22 (8.0%) 19 (6.9%) 15 (5.4%) 23 (9.3%) 17 (6.9%)
AE related to study drug 177 (64.4%) 135 (49.1%) 172 (62.1%) 94 (33.9%) 175 (70.9%) 93 (37.7%)
Grade 3 or higher AE 42 (15.3%) 30 (10.9%) 30 (10.8%) 15 (5.4%) 34 (13.8%) 23 (9.3%)
Serious AE 20 (7.3%) 18 (6.5%) 11 (4.0%) 7 (2.5%) 20 (8.1%) 19 (7.7%)
Fatal AE 0 0 0 0 0 0

Adverse events reported in >10% in any group—n (%)
Headache 121 (44.0%) 38 (13.8%) 146 (52.7%) 38 (13.7%) 119 (48.2%) 18 (7.3%)
Nasopharyngitis 46 (16.7%) 22 (8.0%) 63 (22.7%) 24 (8.7%) 30 (12.1%) 14 (5.7%)
Hot flush 40 (14.5%) 22 (8.0%) 41 (14.8%) 9 (3.2%) 106 (42.9%) 8 (3.2%)
Urinary tract infection 24 (8.7%) 18 (6.5%) 31 (11.2%) 12 (4.9%) 25 (10.1%) 14 (5.1%)
Vulvovaginal mycotic infection 16 (5.8%) 15 (5.5%) 31 (11.2%) 28 (10.1%) 12 (4.9%) 12 (4.9%)
Toothache 14 (5.1%) 5 (1.8%) 30 (10.8%) 10 (3.6.%) 12 (4.9%) 5 (2.0%)
Back pain 24 (8.7%) 15 (5.5%) 28 (10.1%) 11 (4.0%) 18 (7.3%) 4 (1.6%)
Nausea 22 (8.0%) 10 (3.6%) 28 (10.1%) 8 (2.9%) 13 (5.3%) 3 (1.2%)

�
Adverse events were coded using the Medical Dictionary for Regulatory Activities and severity of adverse events was evaluated by the investigator based on

the National Cancer Institute’s Common Terminology for Adverse Events (version 5.0). AE, adverse events; CT, combination therapy.
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production, return to ovulation or menses was observed in all
study participants (Duijkers, 2020). These data will be the subject
of a separate manuscript. While seven pregnancies were ob-
served during the LTE study, evidence suggests that missed doses
of relugolix CT may have been associated with a return of ovula-
tory status and conception, hence the need to be compliant
with treatment.

The clinical course of endometriosis can be challenging for
the patient. Independent of treatment approach, 50% of patients
have recurrence of symptoms over 5 years (Zondervan et al.,
2020). Since current medical treatments and surgical interven-
tions for moderate-to-severe endometriosis may offer incomplete
pain relief, patients may rely on opioid use to control pain as
well as repeated surgeries (Soliman et al., 2018; Lamvu et al.,
2019). Regardless of the type of management, long-term
treatment to inhibit ovulation or reduce oestrogen production is
recommended for this chronic condition (Johnson and
Hummelshoj, 2013; Practice Committee of the American Society

for Reproductive Medicine, 2014; Zondervan et al., 2020; Becker
et al., 2022). Continued pelvic pain, along with severity of disease,
has been shown to have significant impact on physical health-
related quality of life and are associated with decreased work
productivity (Nnoaham et al., 2011).

There have been studies of other GnRH receptor antagonists,
for example a 6-month evaluation of high and low-dose elagolix
monotherapy (Taylor et al., 2017). While the elagolix higher dose
regimen (200mg twice daily) demonstrated qualitatively higher
dysmenorrhea and non-menstrual pain responder rates than the
lower dose, it was associated with decline in BMD that limits its
treatment duration to 6months. Low-dose elagolix (150mg once
daily) did not show improvement in dyspareunia or decrease in
use of analgesics compared with placebo, and was associated
with more bleeding days. Six-month extension studies were con-
ducted for both of the elagolix pivotal trials, reflecting 1 year of
treatment. Clinically meaningful responses were demonstrated
in 75–78% for dysmenorrhea, 67–69% for NMPP, and 58–60% for
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Figure 5. Percentage change from baseline in bone mineral density over time for lumbar spine and total hip. During the first 24weeks of treatment,
patients receive one of three randomized treatments: relugolix CT, relugolix for 12weeks followed by relugolix CT for 12weeks, or placebo. Starting at
Week 24, the beginning of the SPIRT long-term extension study, all patients received relugolix CT. CT, combination therapy. (A) Data for lumbar spine.
(B) Data for hip.
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dyspareunia at the higher elagolix dose (200mg twice daily).
Clinically meaningful response at the lower dose (150mg daily)
was seen for 52% of women in dysmenorrhea, 67% in NMPP, and
45% in dyspareunia. Hypoestrogenic side effects of hot flashes
continued into the extension studies with both doses (Surrey
et al., 2018). In these replicate extension studies, for patients
treated with low-dose elagolix (150mg once daily), the mean per
cent change in lumbar spine BMD was −0.63% and −1.1% at
Weeks 36 and 52, respectively. Patients who received the higher
dose of elagolix (200mg twice daily) had greater declines in BMD,
−3.6% and −3.9% at Weeks 36 and 52 (Surrey et al., 2018).

There were limitations of our study. The study was conducted
as an open-label study without a control group over the 80weeks
of the extension period. In addition, there are currently no com-
parative data to other hormonal medications, and formal com-
parison of efficacy or safety is not possible with these data. A
small number of patients (8.5%) had received treatment with
GnRH receptor agonist/antagonist prior to enrolment in SPIRIT
(Giudice et al., 2022), which raises a question about their response
to treatment with another GnRH receptor antagonist. Treatment
response to antecedent therapy was not collected at baseline, so
the impact of switching within the drug class cannot be
addressed. However, with a low number of study participants
with history of GnRH receptor agonist/antagonist use, the impact
of this subpopulation on overall study outcomes is unlikely.
Finally, a third (37.4%) of the study population terminated study
participation early; closer examination of these patients did not
show disproportionate attrition within one treatment group.
Notably, these patients had completed 24weeks of the earlier
randomized placebo-controlled phase 3 study and agreed to par-
ticipate in the LTE study, which suggests that they had obtained
benefit with and tolerated earlier treatment. Evaluation of effi-
cacy at Week 52 and Week 104 showed similar point estimates
and narrow 95% CIs across a variety of endpoints, reflecting the
robustness of treatment effect. The most common AEs were sim-
ilar to those observed in the pivotal phase 3 studies (Giudice et al.,
2022), Generally, there was no evidence of an incremental time-
dependent increase in AEs (i.e. more than what would be
expected given the longer follow-up), including for events that
may be related to a hypoestrogenic state or treatment with oes-
tradiol and norethisterone acetate.

In conclusion, the data from this study demonstrate that oral
relugolix CT may help fulfil the need for a longer term effective,
convenient, and well-tolerated medical treatment for endometri-
osis. Future areas of study may include examination of the effect
of long-term medical control of endometriosis symptoms with
relugolix CT on the potential to minimize the need for re-
peated surgeries.
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