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Abstract

Objective: To assess outcomes of women with uterine fibroids (UFs) and heavy menstrual bleeding (HMB)
treated with 300 mg elagolix twice daily plus add-back therapy (E2 1 mg/NETA 0.5 mg once daily) or placebo
who were not considered responders in pooled analysis of two phase 3, 6-month randomized clinical trials
(Elaris UF-1 and UF-2).
Methods: Responders were defined as women who met both primary end point bleeding criteria (<80 mL men-
strual blood loss [MBL] during the final month and ‡50% reduction in MBL from baseline to the final month)
and either completed the study or discontinued due to predefined reasons. Thus, women termed nonresponders
who were analyzed in this study who met neither or one bleeding end point or met both criteria but prematurely
discontinued treatment because of adverse events, perceived lack of efficacy, or required surgical or interven-
tional treatment for UFs were analyzed in this study. This post hoc analysis assessed mean changes from base-
line in MBL, as well as adverse events.
Results: Among 367 women receiving elagolix with add-back with observed data, 89 (24%) were not considered
responders. Within this subset, 17 (19%) women met both bleeding criteria but prematurely discontinued treatment
for the reasons mentioned above, while 23 (26%) met one bleeding criterion and 49 (55%) met neither bleeding
criteria, regardless of discontinuation status. Among all nonresponders, a numerical trend toward greater mean
reductions in MBL was observed in those receiving elagolix with add-back, compared with placebo group non-
responders. No differences in adverse events were observed between responders and nonresponders.
Conclusion: Forty of 89 (45%) women with HMB and UFs who were classified as nonresponders in the UF-1 or
UF-2 trials may have had a clinically meaningful response to elagolix with add-back therapy because they met
at least one of the objective bleeding criteria. Clinical Trial Registration: Clinicaltrials.gov, NCT02654054 and
NCT02691494. (NEJM 2020; 382:328–340) DOI: 10.1056/NEJMoa1904351
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Introduction

Uterine fibroids (UFs) are most common type of be-
nign neoplasm, found in the myometrium of the uterus,

and are associated with heavy menstrual bleeding (HMB).1

Elagolix, an oral gonadotropin-releasing hormone (GnRH) re-
ceptor antagonist, at a dose of 300 mg twice daily administered
in combination with hormonal add-back therapy (estradiol 1 mg
and norethindrone acetate 0.5 mg once daily) is currently the
only FDA-approved oral treatment option specifically indicated
for the management of HMB associated with UFs. While other
nonsurgical treatments such as GnRH agonists exist, they are
indicated for the preoperative short-term use and can be asso-
ciated with a ‘‘flare’’ effect early during treatment.2,3

The Elaris UFs 1 and 2 (UF-1 and UF-2) studies were
identical, 6-month, phase 3 randomized trials that evaluated
the efficacy and safety of elagolix with add-back therapy in
women with fibroid-associated HMB.4 In these trials, re-
sponders were defined as women who met the primary end
point of simultaneously having both menstrual blood loss
(MBL) <80 mL and a ‡ 50% reduction in MBL from baseline
at the final month; nonresponders were defined as women who
met neither or only one of the bleeding criteria of the primary
end point or women who prematurely discontinued treatment
because of adverse events (AEs) or lack of efficacy or required
surgical or invasive intervention for UFs, even if they met both
bleeding criteria of the primary end point.4 As such, the des-
ignation ‘‘nonresponder’’ in these trials may erroneously im-
ply that these women did not have any reduction in MBL in
response to elagolix with add-back therapy.

Considering the importance of the patient experience in
HMB, the purpose of this study was to examine menstrual
bleeding outcomes in women who were classified as nonre-
sponders but may have had a clinically meaningful response
to elagolix with add-back therapy by meeting one or both of
the bleeding criteria of the primary end point.

Methods

Study design

This is a post hoc analysis of data pooled from two repli-
cate studies Elaris UF-1 and UF-2 (Clinicaltrials.gov identi-
fiers: NCT02654054 and NCT02691494). These two studies
were identical in design with the UF-1 study conducted at
76 sites in the United States (including Puerto Rico) from
December 2015 through December 2018, and UF-2 was con-
ducted at 77 sites in the United States and Canada from
February 2016 through January 2019. One study participant
in UF-1 and three participants in UF-2 who underwent ran-
domization were enrolled before the registration date of the
trials on ClinicalTrials.gov due to administrative error.

Details of the overall study designs have been published
previously.4 Briefly, each trial consisted of a washout period
of hormonal medications (if applicable), a screening period
of 2.5 to 3.5 months, a treatment period of up to 6 months, and
a follow-up period of up to 12 months (or a corresponding
extension study). At the start of the treatment period, women
were randomized (2:1:1) to receive 300 mg of elagolix twice
daily with add-back therapy (estradiol 1 mg and norethin-
drone acetate 0.5 mg once daily), 300 mg of elagolix alone
twice daily, or placebo for 6 months. Women who were re-
ceiving elagolix alone were included as a reference group to

help characterize the impact of add-back therapy on the
safety/tolerability and efficacy of elagolix and were not pre-
sented in this post hoc analysis.

The trials were conducted in accord with the guidelines of
the International Council for Harmonisation and applicable
regulations and ethical principles of the Declaration of Hel-
sinki. The study protocols were approved by the Schulman
Institutional Review Board for central sites and by an insti-
tutional review board, ethics committee, or both for all other
trial sites. All women provided written informed consent
before enrollment.

Patients and treatments

Eligible participants were premenopausal women aged 18
to 51 years with an ultrasound-confirmed diagnosis of UFs
and alkaline hematin-measured HMB, as defined by >80 mL
of MBL per menstrual cycle for ‡2 separate cycles.5 Women
included in the post hoc analysis were treated for up to
6 months with elagolix plus add-back therapy or placebo in
a matched, double-blind, double-dummy manner.4

Analysis groups

In both trials, nonresponders were defined as women who
did not meet the primary end point of simultaneously having
both <80 mL MBL and ‡50% MBL reduction from baseline
at the final month, or prematurely discontinued treatment
because of AEs or lack of efficacy or required surgery or
invasive intervention to treat UFs, even if they met both the
bleeding criteria of the primary end point.4 Responders were
defined as women that simultaneously met both primary end
point bleeding criteria, with premature discontinuation only
allowed due to noncompliance, withdrawal of consent, lost
to follow-up, pregnancy, excluding medications, or other
prespecified reasons. The final month was defined as the last
28 days before and including the last treatment period visit
date (if data on alkaline hematin-measured MBL were avail-
able between the last treatment period visit date and the last
dose date, then the last dose date was used).4

For the current analysis, nonresponders were divided into
three groups: (1) women who met both bleeding criteria of
the primary end point but prematurely discontinued treatment
because of the prespecified reasons; (2) women who met one
of the two bleeding criteria, regardless of discontinuation
status; and (3) women who met none of the bleeding criteria,
regardless of discontinuation status.

Assessments

Menstrual bleeding outcomes were assessed by least-
squares (LS) mean and mean percent change in MBL from
baseline to months 1, 3, and 6, which were efficacy end points
in the UF-1 and UF-2 trials, and by treatment group and non-
responder classification. The alkaline hematin method was
used to objectively measure MBL from used sanitary prod-
ucts collected during the screening and treatment period.6

Briefly, the sanitary products were pummeled with sodium
hydroxide, which leads to the conversion of hemoglobin to
alkaline hematin. The absorbance of alkaline hematin was
measured using photometric techniques against calibration
curves. By comparing with the woman’s serum hemoglobin
concentration, the amount of MBL in the sanitary product

HMB REDUCTION IN ELAGOLIX NONRESPONDERS 699



was determined. Quality of life was assessed with the Uterine
Fibroid Symptom and Quality of Life (UFS-QoL) question-
naire at baseline, month 3, month 6, and final month.

Safety was determined by frequency and severity of ad-
verse events (AEs), including standardized Medical Diction-
ary for Regulatory Activities queries, analyzed by responder
status and treatment group.

Statistical analyses

This analysis was performed in women with observed data
and excluded women with missing final month MBL data.
Categorical assessments were summarized by frequencies
and percentages. LS mean and mean percent (–SE) changes
from baseline were obtained from an analysis of covariance
model with treatment and study as the main effects and base-
line MBL volume as a covariate. For the primary end point
bleeding criteria, statistical comparisons between elagolix
with add-back therapy group and the placebo group were not
performed due to the small sample size of nonresponders in
the group receiving elagolix with add-back therapy. For UFS-
QoL data, statistical significance was determined using an
analysis of covariance model with treatment and study as
the main effects and baseline as a covariate. Homogeneity
of treatment effect across responder/nonresponder groups
for AEs was verified using the Breslow-Day test for any AE
reported by ‡10 patients per treatment group within each
responder/nonresponder group.

Results

Patients

Of the 791 women randomized, a total of 549 women
treated with elagolix plus add-back therapy (n = 367) or pla-

cebo (n = 182) with observed final month MBL data in either
UF-1 or UF-2 studies were included in the current analysis.
Demographics and baseline clinical characteristics are sum-
marized in Table 1. The women were representative of the
population of women with symptomatic fibroids. Overall, the
mean age was *42 years, and 68.3% of women were black
or African American. Baseline demographics and disease
characteristics—including race, baseline MBL, uterine vol-
ume, and fibroid volume—were generally balanced between
responders and nonresponders. However, nonresponders in
both treatment groups had numerically higher mean MBL
and uterine volume.

Responder status. Of the 367 women in the group re-
ceiving elagolix with add-back therapy, 278 (76%) were re-
sponders who met both bleeding criteria of the primary end
point and did not prematurely discontinue treatment for
the prespecified reasons, and 89 (24%) met the definition of
nonresponder. Of the 89 nonresponders in the group re-
ceiving elagolix with add-back therapy, 17 (19%) met both
bleeding criteria but prematurely discontinued treatment
for the reasons mentioned above, while 23 (26%) met one
bleeding criterion and 49 (55%) met neither bleeding criteria,
regardless of discontinuation status (Fig. 1). Of the 23 women
who met just one of the bleeding criteria, most women
achieved a ‡ 50% reduction from baseline (21 [91.3%]) ra-
ther than <80 mL MBL in the final month (2 [8.7%]).

As expected, of the 166 nonresponders in the placebo
group, the majority were classified as such because they did
not meet either of the bleeding criteria of the primary end
point (n = 145, 87.3%); only 4 (2.4%) respondents met both
bleeding criteria but prematurely discontinued and 17 (10.2%)
met one of the bleeding criteria, regardless of premature

Table 1. Baseline Demographics and Characteristics

Characteristic

Responders Nonresponders

Placebo
Elagolix+add-back

therapy Placebo
Elagolix+add-back

therapy

Age (y) n = 16
42.0 – 5.0

n = 278
42.4 – 5.2

n = 166
41.9 – 5.7

n = 89
42.8 – 5.4

Race n = 16 n = 278 n = 166 n = 89
Black or African American 11 (68.8) 187 (67.5) 115 (69.3) 62 (69.7)
Not black or African American 5 (31.3) 90 (32.5) 51 (30.7) 27 (30.3)
Body mass index (kg/m2) n = 16

31.7 – 6.4
n = 277

33.6 – 6.9
n = 166

34.3 – 7.6
n = 89

33.2 – 7.2
Menstrual blood loss/cycle (mL) n = 16

198.5 – 93.5
n = 278

217.9 – 134.7
n = 166

262.8 – 180.4
n = 89

270.3 – 173.2
Hemoglobin level (g/dL) n = 16

11.8 – 1.3
n = 278

11.2 – 1.5
n = 166

10.9 – 1.4
n = 89

11.1 – 1.6

Uterine volume (cm3)
Measured with TAU or TVU n = 16

324.6 – 203.7
n = 278

479.0 – 369.2
n = 166

539.3 – 425.2
n = 89

518.8 – 439.7
Measured with MRI n = 11

420.6 – 241.2
n = 140

566.5 – 430.4
n = 82

722.5 – 653.3
n = 37

662.5 – 572.0

Average fibroid volume (cm3)
Measured with TAU or TVU n = 16

30.7 – 38.8
n = 272

51.9 – 75.5
n = 162

65.9 – 91.5
n = 89

64.5 – 122.8
Measured with MRI n = 11

36.2 – 39.2
n = 132

69.5 – 71.9
n = 76

93.9 – 113.4
n = 35

65.7 – 60.5

Data are mean – SD or n (%). Add-back therapy defined as estradiol 1 mg/norethindrone acetate 0.5 mg once daily.
SD, standard deviation; TAU, transabdominal ultrasonography; TVU, transvaginal ultrasonography; MRI, magnetic resonance imaging.

700 STEWART ET AL.



discontinuation status. Of the 17 patients who met one cri-
terion, 10 (58.8%) achieved <80 mL in the final month and
seven (41.2%) achieved a ‡ 50% reduction in MBL from
baseline.

Efficacy

LS mean absolute and percent changes from baseline in
MBL are summarized in Table 2. Of the 17 nonresponders in
the group receiving elagolix with add-back therapy who met
both bleeding criteria but prematurely discontinued treatment
for the prespecified reasons, LS mean changes in MBL from
baseline were -183.1 – 23.5 mL (confidence interval [95%
CI] -231.6 to -134.6, n = 13) at month 1 and -280.8 – 6.6 mL
(95% CI -297.8 to -263.8, n = 6) at month 3. Furthermore,
their LS mean percent changes in MBL from baseline were
-80.3% – 9.6% (95% CI -100.1 to -60.6, n = 13) at month 1
and -86.2% – 5.1% (95% CI -99.3 to -73.1, n = 6) at month 3,
revealing that, on average, this group of women had a ‡ 50%
reduction in MBL from baseline as early as month 1, which
persisted through month 3. These 17 women had no data
available at month 6.

Among the 23 nonresponders in the group receiving ela-
golix with add-back therapy who met one of the two bleed-
ing criteria, regardless of discontinuation status, LS mean
changes in MBL from baseline were -59.0 – 34.3 mL (95%
CI -128.5 to 10.5, n = 21) at month 1, -210.0 – 28.6 mL (95%
CI -268.1 to -151.9, n = 18) at month 3, and -180.5 –
16.1 mL (95% CI -213.6 to -147.4, n = 16) at month 6. Their
LS mean percent changes in MBL from baseline were
-16.1% – 9.7% (95% CI -35.7 to 3.5, n = 21) at month 1,
-72.9% – 8.7% (95% CI -90.6 to -55.1, n = 18) at month 3,
and -62.7% – 6.3% (95% CI -75.5 to -49.8, n = 16) at
month 6, revealing that this group of women, on average, had
a ‡ 50% reduction in MBL at months 3 and 6 and a numerical
trend of improvement from baseline in MBL over time. Mean
reductions in MBL in this group of women treated with
elagolix and add-back therapy were numerically greater than
in the placebo group starting at month 3 and through month 6.

Among nonresponders who met none of the bleeding cri-
teria of the primary end point, women receiving elagolix with
add-back therapy also achieved a numerically greater mean
change in MBL than did those in the placebo group at month 1
(-49.7 – 25.8 mL vs. -11.0 – 14.4 mL) and month 3 (-90.8 –
26.0 mL vs. -0.8 – 13.0 mL); however, both groups showed
increases in MBL compared with baseline at month 6 (12.0 –
41.4 and 24.4 – 17.2 mL in the group receiving elagolix with
add-back therapy and placebo groups, respectively).

Among nonresponders, women treated with elagolix+add-
back also demonstrated improvements in quality of life
(Table 3). The mean improvement in UFS-QoL Health-
Related Quality of Life total score was significantly greater
than placebo at 3 months (13.2 – 1.8 vs. 25.5 – 2.9, p < 0.001)
and final month of treatment (8.4 – 1.8 vs. 15.9 – 2.8, p =
0.025), with numerically greater improvements observed at
6 months (8.6 – 1.9 vs. 16.2 – 3.5, p = 0.054), perhaps due to
the smaller number of women at this timepoint. Changes in
UFS-QoL Symptom Severity scores among the elagolix+
add-back nonresponders were significantly improved versus
placebo at 3 months (-16.3 – 1.7 vs. -24.4 – 2.7, p < 0.01),
with a similar, but not statistically significant, trend at final
month of treatment (-8.9 – 1.7 vs. -13.5 – 2.6, p = 0.09,
Table 3).

Safety

Results of the safety analyses are summarized in Table 4.
Rates of overall AEs were similar between treatment groups,
regardless of response status, and ranged from 67.5% in
nonresponders to placebo to 76.4% in nonresponders to ela-
golix. No major differences were observed between groups
or by responder status in severe or serious AEs. The rate
of AEs leading to treatment discontinuation was generally
higher among nonresponders to elagolix (29.2%) than non-
responders to placebo (7.2%), responders to placebo (6.3%),
or responders to elagolix (0.4%). Similar to previously pub-
lished results for UF-1 and UF-2,4 the most common AEs for
responders and nonresponders to elagolix, respectively, were

FIG. 1. Characteristics of women not categorized as responders to treatment. Percentages of women by treatment and
response criteria. Nonresponders were defined as women who did not simultaneously meet both primary end point bleeding
criteria (<80 mL MBL and ‡50% reduction from baseline in MBL at final month) or women who simultaneously met both
primary end point bleeding criteria (<80 mL MBL and ‡50% reduction from baseline MBL at final month) but prematurely
discontinued treatment because of AEs or lack of efficacy or required surgical or invasive fibroid treatment. AEs, adverse
events; MBL, menstrual blood loss.
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hot flush (20.1% and 20.2%), nausea (7.6% and 13.5%),
headache (7.9% and 12.4%), fatigue (6.1% and 7.9%), and
night sweats (9.0% and 6.7%).4 Of the 17 patients who met
both primary end point criteria but discontinued prema-
turely, AEs leading to discontinuation in more than one pa-
tient include headaches (n = 3), hot flushes (n = 2), nausea
(n = 2), and lower abdominal pain (n = 2). These were con-
sistent with the most common AEs reported in the overall
study population.

Discussion

Guidance from the American College of Obstetricians and
Gynecologists (ACOG) acknowledges that, although a cri-
terion of >80 mL MBL is used to define HMB for clinical
research, diagnosis of HMB in clinical practice should be
based on patient perception.7 This patient-centric assessment
of HMB was supported more recently by the National In-
stitute for Health and Care Excellence (NICE) that presented
an updated definition of HMB as ‘‘excessive menstrual blood
loss which interferes with a woman’s physical, social, emo-
tional and/or material quality of life.’’8

The UF-1 and UF-2 trials used the standard clinical re-
search definition of HMB as >80 mL MBL per cycle, as mea-
sured by the alkaline hematin method, in addition to the
change criterion of ‡50% reduction in MBL from baseline
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Table 3. Uterine Fibroid Symptom and Quality

of Life Questionnaire Changes for All Women

Categorized as Nonresponders

Placebo
Elagolix+add-
back therapy

Symptom severity
Baseline

Mean – SE
n = 150

60.4 – 1.7
n = 66

58.8 – 2.6
3 months

Change from baseline
p

n = 146
-16.3 – 1.7

n = 60
-24.4 – 2.7

0.01**
6 months

Change from baseline
p

n = 135
-8.9 – 1.7

n = 39
-11.2 – 3.2

0.52
Final month

Change from baseline
p

n = 150
-8.3 – 1.7

n = 66
-13.5 – 2.6

0.09

HRQoL Total
Baseline

Mean – SE
n = 149

43.1 – 1.8
n = 66

46.6 – 2.8
3 months

Change from baseline
p

n = 145
13.2 – 1.8

n = 60
25.5 – 2.9
<0.001***

6 months
Change from baseline
p

n = 134
8.6 – 1.9

n = 39
16.2 – 3.5

0.054
Final month

Change from baseline
p

n = 149
8.4 – 1.8

n = 66
15.9 – 2.8

0.025*

Unless otherwise noted, values are LS mean – standard error
obtained from an analysis of covariance model with treatment and
study as the main effects and baseline as a covariate. Symptom
Severity scores range from 0 to 100 with higher scores indicating
increased severity. HRQoL scores range from 0 to 100 with higher
scores indicating better quality of life.

HRQoL, health-related quality of life; SE, standard error.
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to the final month. In clinical practice, MBL is not typically
measured; rather, HMB is diagnosed based on the patient’s
perception of excessive bleeding, in agreement with the def-
initions by ACOG and NICE.7,8 Evidence also supports a
perception-based definition and suggests that a volumetric
criterion of >80 mL MBL is not ideal for clinical use, as some
women perceive MBL >80 mL as manageable, while others
consider MBL <80 mL intolerable.9 For example, in an in-
vestigation of 952 women who were referred to a gynecologic
clinic for heavy periods, the majority (66%) had a median
MBL of 53 mL per cycle (well under the 80 mL clinical re-
search standard).10 There is great variation in baseline MBL
among patients, and a volumetric target alone may be of
limited utility in determining clinical benefit. For some pa-
tients, a change in MBL may be more meaningful than
achieving a specific volumetric target.

In the UF-1 and UF-2 clinical trials, a total of 89 of 376
(24%) women with fibroid-related HMB treated with elagolix
plus add-back therapy were considered nonresponders based
on the definition of the primary end point, yet this post hoc
analysis demonstrates that most of these women had some
improvement which could be clinically meaningful and chal-
lenges the notion that ‘‘nonresponders’’ achieve no benefit.
Of the 89 patients considered nonresponders, 40 (45%) may
have experienced a clinically meaningful response to elago-
lix with add-back therapy, as 23 of these patients met one of
the two bleeding criteria, regardless of discontinuation status,
nearly all (91.3%) of which met the ‡50% reduction from
baseline. The remaining 17 patients achieved both bleeding
criteria and would have been considered responders had they
not prematurely discontinued treatment. Although nearly all
(n = 16) of these women discontinued prematurely because
of AEs, it is important to note that there were no important
differences in overall AEs between responders and nonre-
sponders. Moreover, treatment with elagolix+add-back sig-
nificantly improved the quality of life in the nonresponder
group. In summary, these results indicate that nearly half of
patients designated as nonresponders met either one or both
of the primary end point bleeding criteria, indicating reduced
HMB over time, and displayed improvements in quality of
life.

These findings raise several important questions for fu-
ture research, especially with the recent approval of elagolix

with add-back therapy for the management of HMB associ-
ated with UFs and the anticipated increased use in clinical
practice. First, it will be important to better understand why
women who achieve improved MBL (suggesting clinical ef-
ficacy) with treatment would discontinue treatment. In ad-
dition, we need a better understanding of the variables
underlying the perception of improvement in MBL and how
this relates to quantitative changes in MBL or achievement
of specific volumetric goals. This knowledge, in addition to
understanding if certain patient baseline characteristics may
predict clinical benefit with elagolix for women with HMB
due to UFs, will help women and their providers make ap-
propriate clinical decisions.11

Strengths of this study include the use of a large, diverse
patient population from two phase 3, double-blind, random-
ized clinical trials with patients from the United States and
Canada and the fact that the study population is representa-
tive of the typical group of women most impacted by fibroids.
Moreover, we report a quantitative assessment of bleeding
outcomes. Limitations include the use of post hoc analysis
and low participant numbers in some groups, limiting the
power of comparisons for this analysis.

Conclusion

Taken together, the results of this pooled post hoc analysis
suggest that nearly half of patients taking elagolix plus add-
back therapy who were considered nonresponders in the 2
phase 3 clinical trials had reductions in MBL that may be
clinically significant to both patients and physicians. Con-
sidering the patient-centered approach to diagnosis and res-
olution of HMB, the results of this nonresponder analysis
support further consideration of this medical treatment option
for women with HMB.
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