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A bs tr ac t

Background

The efficacy and side-effect profile of ulipristal acetate as compared with those of 
leuprolide acetate for the treatment of symptomatic uterine fibroids before surgery 
are unclear.

Methods

In this double-blind noninferiority trial, we randomly assigned 307 patients with symp-
tomatic fibroids and excessive uterine bleeding to receive 3 months of daily therapy 
with oral ulipristal acetate (at a dose of either 5 mg or 10 mg) or once-monthly intra-
muscular injections of leuprolide acetate (at a dose of 3.75 mg). The primary outcome 
was the proportion of patients with controlled bleeding at week 13, with a prespeci-
fied noninferiority margin of −20%.

Results

Uterine bleeding was controlled in 90% of patients receiving 5 mg of ulipristal acetate, 
in 98% of those receiving 10 mg of ulipristal acetate, and in 89% of those receiving 
leuprolide acetate, for differences (as compared with leuprolide acetate) of 1.2 per-
centage points (95% confidence interval [CI], −9.3 to 11.8) for 5 mg of ulipristal 
acetate and 8.8 percentage points (95% CI, 0.4 to 18.3) for 10 mg of ulipristal ace-
tate. Median times to amenorrhea were 7 days for patients receiving 5 mg of ulip-
ristal acetate, 5 days for those receiving 10 mg of ulipristal acetate, and 21 days for 
those receiving leuprolide acetate. Moderate-to-severe hot flashes were reported for 
11% of patients receiving 5 mg of ulipristal acetate, for 10% of those receiving 10 mg 
of ulipristal acetate, and for 40% of those receiving leuprolide acetate (P<0.001 for 
each dose of ulipristal acetate vs. leuprolide acetate).

Conclusions

Both the 5-mg and 10-mg daily doses of ulipristal acetate were noninferior to once-
monthly leuprolide acetate in controlling uterine bleeding and were significantly 
less likely to cause hot flashes. (Funded by PregLem; ClinicalTrials.gov number, 
NCT00740831.)
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Uterine leiomyomas, or fibroids, are 
the most common benign uterine tumors 
in women of reproductive age. In addition 

to anemia caused by heavy bleeding, fibroids can 
cause pelvic pain, pressure, dysmenorrhea, reduced 
quality of life, and infertility. Current manage-
ment strategies consist mainly of surgical or radio-
logic interventions; options for medical therapy 
are limited.1-4 The use of oral progestin has not 
been extensively investigated, but small studies 
report breakthrough bleeding5 and possible pro-
motion of myoma growth.6 The use of a progestin-
releasing intrauterine device controls menorrhagia 
in some patients, but trials have generally excluded 
patients with uteri distorted by submucosal myo-
mas.7 Gonadotropin-releasing hormone (GnRH) 
agonists are considered to be the most effective 
medical therapy.8,9 In a placebo-controlled trial, the 
GnRH agonist leuprolide acetate (in a 3.75-mg 
depot formulation) stopped vaginal bleeding in 
85% of patients with anemia before myoma sur-
gery. However, leuprolide acetate suppresses estra-
diol, and in that trial, 67% of patients reported hot 
flashes.10

Small pilot studies and other uncontrolled 
trials of mifepristone11 and selective progester-
one-receptor modulators (SPRMs) have suggest-
ed that these agents may be useful in treating 
fibroids.12,13 Ulipristal acetate is a potent and 
selective modulator of progesterone-receptor ac-
tivity in vitro and in vivo.13-15 Studies of cultured 
leiomyoma cells have shown antiproliferative, 
antifibrotic, and proapoptotic effects of ulipris-
tal acetate on leiomyoma cells but not on normal 
myometrial cells.16 In addition, SPRMs have 
pharmacodynamic effects on the endometrium, 
including antiproliferative effects that may con-
tribute to the induction of amenorrhea.12,17-19 In 
small placebo-controlled trials,20,21 ulipristal ac-
etate reduced fibroid and uterine sizes in women 
with symptomatic fibroids.

In this study, the PGL4001 (Ulipristal Ace-
tate) Efficacy Assessment in Reduction of Symp-
toms Due to Uterine Leiomyomata (PEARL II) 
trial, we evaluated whether daily oral ulipristal 
acetate (5 mg or 10 mg) was noninferior to a 
monthly intramuscular injection of leuprolide 
acetate (3.75 mg) in controlling bleeding before 
planned surgery for symptomatic fibroids and 
compared the side-effect profiles of the two 
drugs.

Me thods

Study Design

PEARL II was a randomized, parallel-group, dou-
ble-blind, double-dummy, active-comparator–con-
trolled, phase 3 trial to assess the efficacy and 
safety of ulipristal acetate, as compared with leu-
prolide acetate, in the preoperative treatment of 
symptomatic fibroids. The study was approved by 
the independent ethics committee at each study 
site and was conducted in accordance with the prin-
ciples of the International Conference on Harmo-
nization–Good Clinical Practice (ICH-GCP) guide-
lines. The original protocol, amendments, and 
statistical analysis plan are available with the full 
text of this article at NEJM.org.

Study Population

We enrolled premenopausal women between the 
ages of 18 and 50 years who had a body-mass in-
dex (the weight in kilograms divided by the square 
of the height in meters) of 18 to 40, heavy uterine 
bleeding caused by fibroids, at least one myoma 
measuring 3 cm or more in diameter (but no 
myoma measuring >10 cm), and a uterine size 
equivalent to that of a pregnancy of no more than 
16 weeks of gestation; all patients were eligible 
for surgery. The main exclusion criteria are listed 
in Table 1 in the Supplementary Appendix, avail-
able at NEJM.org. All patients provided written 
informed consent.

Assessment of Uterine Bleeding

We assessed uterine bleeding using the pictorial 
blood-loss assessment chart (PBAC),22,23 an instru-
ment that objectively estimates menstrual-blood 
loss. The PBAC scale ranges from 0 to more than 
500 (with no defined upper limit), with higher 
scores indicating a greater severity of bleeding. 
At screening, patients were provided with stan-
dardized sanitary materials and were instructed 
to record the number of tampons or pads used and 
the extent of soiling with blood (see the Methods 
section in the Supplementary Appendix for more 
details). Patients were asked to complete the 
PBAC daily throughout the treatment period to 
week 13 and for 28 days preceding the no-treat-
ment follow-up visits at weeks 26 and 38. The 
PBAC score for a 4-week period was calculated 
from the sum of daily PBAC results for 28 days. 
Menorrhagia was defined as a PBAC score of more 
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than 100 (during the first 8 days of menstruation), 
which corresponds to blood loss of more than 
80 ml. A PBAC score of more than 100 was an 
eligibility criterion.

Randomization and Treatment

Patients were randomly assigned in a 1:1:1 ratio 
to receive either 5 mg or 10 mg of daily oral uli-
pristal acetate plus an intramuscular saline injec-
tion once monthly or a daily oral placebo plus an 
intramuscular injection of 3.75 mg of leuprolide 
acetate once monthly (Fig. 1). The randomization 
list followed a stratification process for avoiding 
imbalance with respect to race or ethnic group 
among the three study groups. A Web-integrated 
voice-response system transmitted the random-
ization to the packaging organization, which de-
livered the medications to the treatment centers. 
Treatment was started within 4 days after the 
start of the menstrual period and was continued 
until week 13, after which patients could have 
surgery. Follow-up visits were scheduled, without 
further treatment, for weeks 17, 26, and 38. Iron 
supplementation was left to the discretion of the 
treating physician.

End Points

We evaluated all efficacy end points at week 13 be-
fore surgery. The primary efficacy end point was 
the proportion of patients with control of uterine 
bleeding at week 13, which was defined as a PBAC 
score (summed over the preceding 28-day period) 
of less than 75 (i.e., in the normal range).22,23 
The prespecified noninferiority margin of −20% 
was based on clinical judgment.

Secondary efficacy end points included bleeding 
pattern (consecutive 28-day PBAC scores), amenor-
rhea (28-day PBAC score, ≤2), changes from base-
line in fibroid and uterine volume (on the basis of 
ultrasonography, performed at each center), global 
pain score (on the Short-Form McGill Pain Ques-
tionnaire24 and visual-analogue scale), and the 
Uterine Fibroid Symptom and Quality of Life ques-
tionnaire25 (consisting of a symptom-severity score 
and a health-related quality-of-life score). (For scor-
ing details, see the Study Design section in the 
Supplementary Appendix.) Hemoglobin levels, he-
matocrit, and ferritin levels were measured at all 
visits. Efficacy end points were assessed every 
4 weeks except for the uterine fibroid symptoms 
and fibroid and uterine volume, which were as-

sessed at baseline and at week 13. Efficacy end 
points beyond week 13 were exploratory.

The coprimary safety objectives were to show 
a superior side-effect profile for ulipristal acetate 
versus leuprolide acetate in terms of serum estra-
diol levels at week 13 and the proportion of pa-
tients with moderate-to-severe hot flashes during 
treatment. The frequency and severity of adverse 
events (as spontaneously reported by patients or 
elicited by nonleading questions) were recorded on 
standard forms at every visit up to week 17. Seri-
ous adverse events were recorded up to week 38. 
Adverse events occurring more than 4 weeks after 
the end of treatment were recorded if they were 
deemed to be related to a study drug or involved 
uterine hemorrhage.

Secondary safety end points included hemato-
logic and other laboratory assessments, including 
bone-turnover markers (urinary N-terminal pro-
peptide of type I procollagen [P1NP], type I colla-
gen C-telopeptide [CTX], and bone-specific alka-
line phosphatase [BSAP] and deoxypyridinoline 
[DPD]). Levels of serum estradiol, progesterone, 
corticotropin, thyrotropin, and prolactin were re-
corded at baseline and at weeks 5, 9, 13, and 17. 
The results of hematologic and biochemical anal-
yses, including testing of lipids and glucose, were 
recorded at all visits up to week 38.

Endometrial thickness and ovaries were as-
sessed at each center by means of ultrasonography 
at baseline and at weeks 13, 17, 26, and 38. Endo-
metrial biopsy samples (which were obtained be-
fore inclusion and at weeks 13 and 38 unless 
hysterectomy or endometrial ablation was per-
formed) were assessed by three independent pa-
thologists who were unaware of study-group as-
signments, the visit sequence, and one another’s 
assessments. In view of previous reports of en-
dometrial changes associated with SPRMs, as de-
scribed by Mutter et al.,17 standard diagnostic cri-
teria18 and terminology for endometrial changes 
associated with SPRMs were used.

Study Oversight

The study was designed by PregLem with the in-
volvement of academic investigators and a trial 
statistician. Ulipristal acetate was supplied by 
PregLem, and leuprolide acetate (Enanthone) was 
purchased from Takeda Pharmaceuticals. Data 
were collected by an independent contract research 
organization (ICON Clinical Research) and han-
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dled and analyzed by an independent data-man-
agement organization (MDSL International). The 
first and subsequent drafts of the manuscript were 
prepared by the first author with editorial assis-
tance of the sponsor. All the authors made the 
decision to submit the manuscript for publica-
tion. The first author vouches for the accuracy of 
the data and analyses and the fidelity of the study 
to the protocol.

Statistical Analysis

We based the sample size on the requirement to 
show the noninferiority of ulipristal acetate versus 
leuprolide acetate with a power of 90%, using a 
prespecified noninferiority margin of −20%. Al-
lowing for a 15% rate of dropout or protocol vio-
lations, we determined that we needed to enroll 
285 patients (95 per study group), assuming re-
sponse rates of 85% in each study group.

307 Underwent randomization

400 Patients underwent screening

93 Were excluded

4 Were excluded before database lock owing
to major protocol violations by site

98 Were assigned to receive
ulipristal, 5 mg

97 Received study drug
1 Did not receive study

drug

101 Were assigned to receive
leuprolide, 3.75 mg

101 Received study drug

2 Were withdrawn
1 Had adverse event
1 Was lost to 

follow-up

6 Were withdrawn owing
to adverse events

3 Were withdrawn
2 Had adverse events
1 Underwent surgery

95 Completed study treatment 95 Completed study treatment

104 Were assigned to receive
ulipristal, 10 mg

103 Received study drug
1 Did not receive study

drug

50 Underwent surgery
11 Underwent laparotomic

hysterectomy
7 Underwent vaginal or lap-

aroscopic hysterectomy
30 Underwent myomectomy
2 Underwent other surgery

52 Underwent surgery
14 Underwent laparotomic

hysterectomy
7 Underwent vaginal or lap-

aroscopic hysterectomy
29 Underwent myomectomy
2 Underwent other surgery

55 Underwent surgery
10 Underwent laparotomic

hysterectomy
11 Underwent vaginal or lap-

aroscopic hysterectomy
33 Underwent myomectomy
1 Underwent other surgery

100 Completed study treatment

Figure 1. Enrollment and Outcomes.

One patient who was assigned to receive 5 mg of ulipristal acetate actually received 10 mg of the drug. This patient 
was included in the 10-mg group for the safety analyses and in the 5-mg group for the intention-to-treat efficacy analy-
ses and was excluded from the per-protocol analyses. Three patients (one who was assigned to receive 10 mg of uli-
pristal acetate and two who were assigned to the leuprolide group) were excluded from the modified intention-to-treat 
population because of missing efficacy data. These three patients are included in the number who withdrew from 
treatment. Data for the primary end-point assessment at week 13 were collected before patients underwent surgery.
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Table 1. Baseline Characteristics of the Patients.*

Characteristic Ulipristal Acetate
Leuprolide  

Acetate

5-mg Dose 10-mg Dose

Safety population

Patients — no. 97 103 101

Age — yr 40.1±6.2 40.7±6.3 40.3±6.2

Race or ethnic group — no. (%)†

White 83 (86) 88 (85) 85 (84)

Black 9 (9) 11 (11) 9 (9)

Other 5 (5) 4 (4) 7 (7)

Body-mass index‡ 25.4±4.1 26.2±4.7 24.9±4.1

Serum estradiol — pg/ml

Median 40.0 37.0 39.0

Interquartile range 27.5–54.0 28.0–59.0 29.0–57.0

Endometrial thickness — mm 8.9±4.2 8.9±4.3 9.0±3.9

Per-protocol population

Patients — no. 93 95 93

Score on pictorial blood-loss assessment chart§

Median 286 271 297

Interquartile range 190–457 183–392 189–443

Total volume of three largest myomas — cm3

Median 79.6 47.6 59.2

Interquartile range 30.3–151.0 24.1–110.6 27.8–156.3

Uterine volume — cm3

Median 199.4 197.8 199.9

Interquartile range 149.6–315.0 120.9–297.7 138.2–271.9

Hemoglobin — g/dl 12.4±1.6 12.4±1.6 12.1±1.8

Pain assessment — median score (IQR)

Short-Form McGill Pain Questionnaire¶ 9.0 (4.0–17.0) 7.0 (4.0–16.0) 7.0 (3.0–17.5)

Visual-analogue scale‖ 49.0 (23.5–59.0) 46.5 (20.0–66.5) 46.0 (21.0–62.0)

Uterine Fibroid Symptom and Quality of Life questionnaire**

Symptom severity 54.0±20.0 48.9±22.1 52.5±21.7

Health-related quality of life total score 53.3±19.9 56.5±21.4 50.1±24.9

*  Plus–minus values are means ±SD. There was no significant difference between ulipristal acetate (either dose) and  
leuprolide acetate for any baseline variable. IQR denotes interquartile range.

†  Race or ethnic group was reported by the site investigator.
‡  The body-mass index is the weight in kilograms divided by the square of the height in meters.
§  Scores on the pictorial blood-loss assessment chart range from 0 to more than 500, with higher scores indicating 

greater blood loss.
¶  Scores on the Short-Form McGill Pain Questionnaire range from 0 to 45, with higher scores indicating a greater se-

verity of pain.
‖  Scores on the visual-analogue scale range from 0 to 100, with higher scores indicating a greater severity of pain.
** On the Uterine Fibroid Symptom and Quality of Life questionnaire, scores for symptom severity range from 0 to 100, 

with higher scores indicating increased severity. Total scores for health-related quality of life range from 0 to 100, with 
higher scores indicating a better quality of life.

The New England Journal of Medicine 
Downloaded from nejm.org at CUNY - York on January 17, 2019. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 366;5 nejm.org february 2, 2012426

Ta
bl

e 
2.

 K
ey

 E
ff

ic
ac

y 
En

d 
Po

in
ts

 a
nd

 S
af

et
y 

O
ut

co
m

es
 a

t 1
3 

W
ee

ks
 fo

r 
U

lip
ri

st
al

 A
ce

ta
te

, a
s 

C
om

pa
re

d 
w

ith
 L

eu
pr

ol
id

e 
A

ce
ta

te
.*

V
ar

ia
bl

e
U

lip
ri

st
al

 A
ce

ta
te

Le
up

ro
lid

e 
A

ce
ta

te
D

iff
er

en
ce

 
(U

lip
ri

st
al

 A
ce

ta
te

 v
s.

 L
eu

pr
ol

id
e 

A
ce

ta
te

)

5-
m

g 
D

os
e

10
-m

g 
D

os
e

5-
m

g 
D

os
e

10
-m

g 
D

os
e

pe
rc

en
ta

ge
 p

oi
nt

s 
(9

5%
 C

I)

Pe
r-

pr
ot

oc
ol

 p
op

ul
at

io
n

N
o.

 o
f p

at
ie

nt
s

93
95

93

Sc
or

e 
on

 p
ic

to
ri

al
 b

lo
od

-lo
ss

 a
ss

es
sm

en
t c

ha
rt

<7
5 

—
 n

o.
/t

ot
al

 n
o.

 (
%

)
84

/9
3 

(9
0)

93
/9

5 
(9

8)
82

/9
2 

(8
9)

†
1.

2 
(−

9.
3 

to
 1

1.
8)

‡
8.

8 
(0

.4
 to

 1
8.

3)
‡

M
ed

ia
n 

(I
Q

R
)

0 
(0

 to
 2

)
0 

(0
 to

 0
)

0 
(0

 to
 1

)

C
ha

ng
e 

fr
om

 b
as

el
in

e 
—

 m
ed

ia
n 

(I
Q

R
)

−2
68

 (
−4

12
 to

 −
17

2)
−2

68
 (

−3
87

 to
 −

17
9)

−2
74

 (
−4

30
 to

 −
16

1)
6 

(−
54

 to
 6

3)
3 

(−
45

 to
 5

5)

≤2
, i

nd
ic

at
in

g 
am

en
or

rh
ea

 —
 n

o.
/t

ot
al

 n
o.

 (
%

)
70

/9
3 

(7
5)

85
/9

5 
(8

9)
74

/9
2 

(8
0)

−5
.2

 (
−1

8.
7 

to
 8

.6
)

9.
0 

(−
2.

8 
to

 2
1.

0)

To
ta

l v
ol

um
e 

of
 th

re
e 

la
rg

es
t m

yo
m

as

Pe
rc

en
t c

ha
ng

e 
fr

om
 b

as
el

in
e 

—
 m

ed
ia

n 
(I

Q
R

)
−3

6 
(−

58
 to

 −
11

)
−4

2 
(−

69
 to

 −
14

)
−5

3 
(−

69
 to

 −
36

)

R
at

io
 to

 s
cr

ee
ni

ng
 v

ol
um

e 
—

 g
eo

m
et

ri
c 

m
ea

n
0.

66
0.

61
0.

54
1.

23
 (

0.
99

 to
 1

.5
2)

1.
12

 (
0.

91
 to

 1
.3

8)

U
te

ri
ne

 v
ol

um
e

Pe
rc

en
t c

ha
ng

e 
fr

om
 b

as
el

in
e 

—
 m

ed
ia

n 
(I

Q
R

)
−2

0 
(−

40
 to

 −
3)

−2
2 

(−
45

 to
 0

)
−4

7 
(−

57
 to

 −
35

)

R
at

io
 to

 s
cr

ee
ni

ng
 v

ol
um

e 
—

 g
eo

m
et

ri
c 

m
ea

n
0.

84
0.

80
0.

57
1.

48
 (

1.
25

 to
 1

.7
4)

1.
41

 (
1.

19
 to

 1
.6

6)

Sh
or

t-
Fo

rm
 M

cG
ill

 P
ai

n 
Q

ue
st

io
nn

ai
re

 s
co

re

M
ed

ia
n 

(I
Q

R
)

2.
0 

(0
.0

 to
 4

.0
)

1.
0 

(0
.0

 to
 3

.0
)

0.
0 

(0
.0

 to
 4

.0
)

C
ha

ng
e 

fr
om

 b
as

el
in

e 
—

 m
ed

ia
n 

(I
Q

R
)

−5
.0

 (
−1

1.
0 

to
 −

2.
0)

−6
.0

 (
−1

4.
0 

to
 −

1.
0)

−5
.5

 (
−1

4.
5 

to
 −

2.
0)

0.
2 

(−
2.

0 
to

 3
.0

)
0.

0 
(−

2.
0 

to
 2

.8
)

U
te

ri
ne

 F
ib

ro
id

 S
ym

pt
om

 a
nd

 Q
ua

lit
y 

of
 L

ife
 q

ue
st

io
nn

ai
re

H
ea

lth
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

 s
co

re
76

.4
±2

3.
2

81
.5

±2
2.

1
73

.2
±2

3.
0

C
ha

ng
e 

fr
om

 b
as

el
in

e
23

.7
±2

6.
9

24
.8

±2
4.

1
23

.2
±2

8.
2

2.
5 

(−
7.

3 
to

 1
2.

3)
5.

6 
(−

3.
9 

to
 1

5.
1)

H
em

og
lo

bi
n 

—
 g

/d
l

12
.8

±1
.4

12
.9

±1
.2

12
.7

±1
.6

−0
.0

2 
(−

0.
3 

to
 0

.3
)

0.
03

 (
−0

.3
 to

 0
.3

)

The New England Journal of Medicine 
Downloaded from nejm.org at CUNY - York on January 17, 2019. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



Ulipristal Acetate vs. Leuprolide Acetate for Fibroids

n engl j med 366;5 nejm.org february 2, 2012 427

We conducted efficacy analyses in both the 
modified intention-to-treat and per-protocol pop-
ulations. The modified intention-to-treat analyses 
did not include five patients: two patients (one in 
each ulipristal-acetate group) who never received 
the study drug and were not followed and three 
patients (one who was assigned to receive 10 mg 
of ulipristal acetate and two in the leuprolide-
acetate group) with missing efficacy data after 
baseline. The per-protocol population (which con-
sisted of the modified intention-to-treat population 
with the exclusion of patients with major proto-
col deviations and a compliance rate of <80%) was 
of primary interest, since a noninferiority analysis 
that is based on the modified intention-to-treat 
population is deemed to be not conservative. 
Analyses were based on the lower limit of two-
sided 95% confidence intervals. We conducted 
safety analyses for superiority in the safety popu-
lation (treated patients); all safety analyses were 
two-sided, and a P value of less than 0.05 was 
considered to indicate statistical significance. 
Since planned analyses involved comparisons of 
two doses of ulipristal acetate versus leuprolide 
acetate, a Bonferroni correction was used and all 
P values were doubled and confidence intervals 
were similarly adjusted. No further multiplicity 
adjustments were made. Data from one site (for 
four patients) were excluded from all analyses 
because of major protocol violations.

We used the uncorrected Newcombe–Wilson 
method to compare the primary efficacy end point 
(PBAC score, <75), with the null-hypothesis differ-
ence in percentages (ulipristal acetate minus leu-
prolide acetate) that were less than or equal to the 
noninferiority margin of −20%, as contrasted with 
the alternative-hypothesis difference in percentag-
es of more than −20%. Missing data for week 13 
were imputed with the use of data for the last 
available 28 days during treatment. A sensitivity 
analysis in the modified intention-to-treat popu-
lation (including three patients without any on-
treatment efficacy data) was performed with the 
use of baseline data carried forward. For copri-
mary safety end points, the serum estradiol level 
was tested through a repeated-measures analysis 
of covariance after log transformation of the data, 
and the proportion of patients reporting moderate-
to-severe hot flashes was tested with the use of 
a Cochran–Mantel–Haenszel test. Secondary end 
points were analyzed with the use of the New-
combe–Wilson method for binary end points, Sa
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analysis of variance methods for the parametric 
analyses, and the Hodges–Lehmann estimator 
with corresponding Moses confidence intervals for 
nonparametric analyses.

R esult s

Patients

Demographic and baseline characteristics were 
balanced among the three study groups (Table 1, 
and Table 2 in the Supplementary Appendix).

Efficacy

Primary End Point
In the per-protocol population, the proportions of 
patients with controlled bleeding at week 13 (PBAC 
score, <75 for the preceding 4 weeks) were 90% 
in the group receiving 5 mg of ulipristal acetate, 
98% in the group receiving 10 mg of ulipristal 
acetate, and 89% in the group receiving leuprolide 
acetate (Table 2, and Table 3 in the Supplemen-
tary Appendix). The differences between ulipris-
tal acetate and leuprolide acetate were 1.2 percent-
age points (95% confidence interval [CI], −9.3 to 
11.8) for the 5-mg group and 8.8 percentage 
points (95% CI, 0.4 to 18.3) for the 10-mg group, 
indicating noninferiority for both doses of uli-
pristal acetate in controlling bleeding, since the 
lower limit of the confidence interval for each 
comparison was more than the prespecified non-
inferiority margin of −20%. These results were 
similar to those in the modified intention-to-
treat analysis (Table 4 in the Supplementary Appen-
dix). A subsequent superiority analysis comparing 
each ulipristal group with the leuprolide group 
showed that the 10-mg dose of ulipristal was supe-
rior to leuprolide acetate for this end point (P = 0.03).

Secondary End Points
All treatments reduced the volume of the three 
largest fibroids, with median reductions at week 
13 of 36% in the group receiving 5 mg of ulipris-
tal acetate, 42% in the group receiving 10 mg of 
ulipristal acetate, and 53% in the group receiving 
leuprolide acetate (Table 2). Leuprolide acetate was 
associated with a significantly greater reduction 
in uterine volume (47%) than was either ulipristal 
group (20 to 22%).

Median PBAC scores at week 13 were 0 for all 
treatment groups. Excessive bleeding was con-
trolled significantly more rapidly in patients re-
ceiving either 5 mg or 10 mg of ulipristal acetate 

than in those receiving leuprolide acetate (P<0.001 
for both comparisons). In addition, amenorrhea 
was induced more rapidly in patients receiving 
10 mg of ulipristal acetate than in those receiving 
leuprolide acetate (P<0.001) (Fig. 2). All study 
groups showed similar improvements in pain, 
quality of life, and hemoglobin levels (Table 2).

After the end of treatment, approximately half 
the patients had surgery (Fig. 1). Similar propor-
tions of patients who did not undergo surgery in 
each group maintained improvements in bleeding, 
pain, and quality of life during follow-up without 
treatment (Table 5 in the Supplementary Appen-
dix). For patients who did not undergo hysterecto-
my or myomectomy, ulipristal acetate showed a 
more sustained effect on the reduction of myoma 
volume during the following 6 months without 
treatment than did leuprolide acetate (Fig. 2 in the 
Supplementary Appendix). Menstruation returned 
on average 31 to 34 days after the end of treatment 
in the ulipristal groups and after 43 days in the 
leuprolide group.

Safety and Adverse Events

Primary End Points
At week 13, median estradiol values were 64.0 pg 
per milliliter (234 pmol per liter) in the group 
receiving 5 mg of ulipristal acetate and 60.5 pg per 
milliliter (222 pmol per liter) in the group receiv-
ing 10 mg of ulipristal acetate but had decreased 
to postmenopausal levels in the leuprolide group 
(25.0 pg per milliliter [92 pmol per liter]) (P<0.001 
for each ulipristal group vs. leuprolide acetate) 
(Table 2). The proportions of patients reporting 
moderate-to-severe hot flashes were 11% in the 
group receiving 5 mg of ulipristal acetate, 10% in 
the group receiving 10 mg of ulipristal acetate, 
and 40% in the group receiving leuprolide ace-
tate (P<0.001 for both comparisons) (Fig. 3 in the 
Supplementary Appendix).

Secondary End Points
There were no significant differences between the 
ulipristal groups and the leuprolide group in the 
proportion of patients reporting other adverse 
events or discontinuing treatment because of ad-
verse events (Table 3, and Table 6 in the Supple-
mentary Appendix).

The median level of type 1 CTX (but not of the 
other bone-resorption markers P1NP, BSAP, or 
DPD) was significantly greater for the leuprolide 
group than for either ulipristal group at week 
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13 (P<0.001 for both comparisons) (Table 7 in the 
Supplementary Appendix).

At week 13, there were no clinically relevant 
differences among groups in corticotropin, thyro-
tropin, prolactin, or aminotransferase levels. There 
were transient increases in mean levels of total 
cholesterol (greater in the leuprolide group than 
in the ulipristal groups) during treatment. There 
were no significant between-group differences in 
blood pressure and heart rate at week 13 (Table 
7 in the Supplementary Appendix).

At week 13, mean endometrial thicknesses 
were 9.4 mm in the group receiving 5 mg of 
ulipristal acetate, 10.7 mm in the group receiving 
10 mg of ulipristal acetate, and 5.1 mm in the 
group receiving leuprolide acetate (P<0.001 for 
both comparisons) (Table 2). (Additional data 
are provided in Table 7 in the Supplementary 
Appendix.)

Endometrial-biopsy examinations showed no 
findings of clinical concern. At week 13, all histo-
logic specimens showed benign endometrium ex-
cept for one patient in the group receiving 5 mg of 
ulipristal acetate, whose specimen showed simple 
hyperplasia. There were no findings of adenocar-
cinoma or premalignant lesions. Nonphysiologic 
endometrial changes were observed in 58% of 
patients receiving 5 mg of ulipristal acetate, 59% 
of those receiving 10 mg of ulipristal acetate, and 
12% of those receiving leuprolide acetate. At week 
38, after 6 months of treatment-free follow-up 
among women who did not undergo hysterecto-
my or endometrial ablation, the frequency of non-
physiologic endometrial changes was low and 
similar in the three study groups (6 to 7%); all 
histologic specimens showed benign endometri-
um, except for one patient (in the leuprolide group) 
with simple hyperplasia.

Discussion

In our study, we showed that the use of daily oral 
ulipristal acetate at doses of both 5 mg and 10 mg 
was noninferior to once-monthly injections of 
leuprolide acetate in reducing bleeding associat-
ed with fibroids in patients planning surgery. All 
three study groups had a good response to treat-
ment, with PBAC scores of less than 75 (the pri-
mary efficacy end point) at week 13 in 90% of 
patients receiving 5 mg of ulipristal acetate, 98% 
of those receiving 10 mg of ulipristal acetate, and 
89% of those receiving leuprolide acetate.

All three treatments reduced uterine volume, 
although this decrease was significantly greater in 
the leuprolide group than in the ulipristal groups. 
In all three groups, there was a reduction in the 
total volume of the three largest fibroids, with no 
significant between-group differences. In explor-
atory analyses in the subpopulation of patients 
who did not undergo surgery, fibroids began to 
enlarge approximately 1 month after the last dose 
of leuprolide acetate. However, fibroid volume re-
duction in patients receiving ulipristal acetate ap-
peared to be maintained in the majority of patients 
for 6 months after the end of treatment. We specu-
late that this finding may relate to apoptosis of 
leiomyoma cells.26-33
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Figure 2. Kaplan–Meier Estimates of Times to the Control of Bleeding 
and Persistent Amenorrhea.

Panel A shows the time to the control of bleeding, which was defined as a 
score of less than 75 on the pictorial blood-loss assessment chart (PBAC), 
the primary efficacy end point. The time to the control of bleeding was de-
fined by the first day for which the total PBAC score for the following 28 
days and for all subsequent 28-day periods (recalculated day by day) up to 
the end of treatment was less than 75. Panel B shows the time to persistent 
amenorrhea (PBAC score, ≤2), a secondary efficacy end point. The time to 
amenorrhea was defined by the first day for which the total PBAC score for 
the following 28 days and for all subsequent 28-day periods (recalculated 
day by day) up to the end of treatment was 2 or less. Circles denote cen-
sored observations (i.e., a patient had fewer than 28 days at the end of 
treatment for which the total PBAC score met the criterion). Data are 
shown for the per-protocol population.
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The reduction in bleeding associated with fi-
broids was accompanied by improvements in he-
moglobin and hematocrit in all three study groups. 
These data are consistent with previous reports 

of leuprolide therapy, in which improvement in 
anemia was associated with decreases in fibroid 
and uterine volume.34-38 Ulipristal acetate attenu-
ated bleeding more rapidly than leuprolide acetate, 

Table 3. Adverse Events (Safety Population).*

Adverse Event Ulipristal Acetate
Leuprolide Acetate 

(N = 101)

5-mg Dose
(N = 97)

10-mg Dose
(N = 103)

number of patients (percent)

Serious adverse events

At least one event 8 (8) 5 (5) 6 (6)

Any event during treatment 2 (2) 1 (1) 2 (2)

Headache 1 (1) 0 0

Fibroid protruding through cervix 0 1 (1) 0

Lung infection 0 0 1 (1)

Thyroid cancer 1 (1) 0 0

Uterine hemorrhage 0 0 1 (1)

Within 4 wk after treatment† 3 (3) 3 (3) 2 (2)

From wk 17 to 38‡ 3 (3) 1 (1) 2 (2)

Adverse events

Leading to study-drug discontinuation§ 1 (1) 2 (2) 6 (6)

At least one event¶ 75 (77) 79 (77) 85 (84)

Hot flash 25 (26) 25 (24) 66 (65)

Headache 25 (26) 19 (18) 29 (29)

Procedural pain 9 (9) 15 (15) 9 (9)

Abdominal pain 6 (6) 11 (11) 14 (14)

Nausea 6 (6) 7 (7) 6 (6)

Fatigue 4 (4) 7 (7) 3 (3)

Anemia 5 (5) 3 (3) 5 (5)

Nasopharyngitis 6 (6) 4 (4) 2 (2)

Acne 0 5 (5) 5 (5)

Breast pain or tenderness 5 (5) 3 (3) 2 (2)

Influenza 2 (2) 2 (2) 5 (5)

Insomnia 2 (2) 2 (2) 5 (5)

Pharyngitis 5 (5) 0 2 (2)

* Listed are all serious adverse events and adverse events that occurred in at least 5% of patients in each study group, 
including events that were considered to be unrelated to the study drug. There were no significant between-group dif-
ferences for any adverse event except hot flashes (P<0.001 for both doses of ulipristal acetate vs. leuprolide acetate). 
No adjustment for multiplicity was performed.

† These serious adverse events were operative complications in two patients and sarcoma in one patient (retrospectively 
diagnosed after further review after premature discontinuation of the study drug) in the group receiving 5 mg of ulipris-
tal acetate; endometrial polyp, hemangioma, and uterine hemorrhage in one patient each in the group receiving 10 mg 
of ulipristal acetate; and operative complications and lymphocytic choriomeningitis in one patient each in the group re-
ceiving leuprolide acetate.

‡ These serious adverse events were spontaneous abortion, surgery for suspected ovarian tumor but intraoperative diag-
nosis corrected to new uterine myoma, and vaginal hemorrhage in one patient each receiving 5 mg of ulipristal acetate; 
ovarian cyst in one patient receiving 10 mg of ulipristal acetate; and uterine hemorrhage in two patients receiving leup-
rolide acetate.

§ Adverse events leading to the discontinuation of a study drug are listed in the Supplementary Appendix.
¶ These adverse events occurred between the first dose of a study drug and week 17 (i.e., 4 weeks after the end of treatment).
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with median times to amenorrhea of 7 days in 
patients receiving 5 mg of ulipristal acetate, 5 days 
in those receiving 10 mg of ulipristal acetate, and 
21 days in those receiving leuprolide acetate. Ulip-
ristal acetate has an antiproliferative effect, but 
the mechanisms underlying its rapid effect on 
bleeding remain uncertain and may be related to 
direct effects on the endometrium.12,17,19

As with other SPRMs, ulipristal acetate induced 
benign endometrial changes. These findings had 
reversed when reassessed after 6 months without 
treatment, and there was no dysplasia or neopla-
sia identified among patients receiving ulipristal 
acetate. The treatments were similarly effective at 
reducing pain associated with fibroids and nor-
malizing quality of life.

In both ulipristal groups, plasma estradiol lev-
els were maintained in the midfollicular range, 
whereas patients in the leuprolide group had on 
average a significant reduction to postmenopausal 
levels. Consistent with these findings, moderate-
to-severe hot flashes were significantly less com-
mon with ulipristal acetate than with leuprolide 
acetate.

We found no clinically relevant effects of ulip-
ristal acetate and leuprolide acetate on corticotro-
pin, thyrotropin, prolactin, or glucose levels. Four 
markers of bone turnover were evaluated; median 
levels of one (CTX) were significantly lower at the 
end of treatment in both ulipristal groups than in 
the leuprolide group (P<0.001 for both compari-
sons). This finding may indicate a higher rate of 
bone resorption in patients receiving leuprolide 
acetate than in those receiving ulipristal acetate, 
although we did not adjust for multiple testing.

Our study has several limitations. It was not 
specifically designed to assess surgical outcomes, 
but rates and types of surgery were similar in the 
three study groups (Fig. 1). As per clinical practice, 
uterine and fibroid volumes were not confirmed by 
central reading. In addition, the duration of treat-
ment was restricted to 13 weeks. Hence, more data 
are needed regarding benefits and risks of long-
term treatment with ulipristal acetate.

In summary, in this randomized, controlled 
study, we found that oral ulipristal acetate at doses 
of either 5 or 10 mg was noninferior to monthly 
injections of leuprolide acetate in controlling uter-
ine bleeding in women with symptomatic fibroids 
before planned surgery and had a better side-
effect profile.
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