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Selective progesterone receptor modulators (SPRMs) are a new class of compounds developed to target the progesterone receptor (PR)
with a mix of agonist and antagonist properties. These compounds have been introduced for the treatment of several gynecological conditions
based on the critical role of progesterone in reproduction and reproductive tissues. In patients with uterine fibroids, mifepristone and ulipristal
acetate have consistently demonstrated efficacy, and vilaprisan is currently under investigation, while studies of asoprisnil and telapristone were
halted for safety concerns. Mifepristone demonstrated utility for the management of endometriosis, while data are limited regarding the efficacy of
asoprisnil, ulipristal acetate, telapristone, and vilaprisan for this condition. Currently, none of the SPRMs have shown therapeutic success in treating
endometrial cancer. Multiple SPRMs have been assessed for efficacy in treating PR-positive recurrent breast cancer, with in vivo studies suggesting
a benefit of mifepristone, and multiple in vitro models suggesting the efficacy of ulipristal acetate and telapristone. Mifepristone, ulipristal acetate,
vilaprisan, and asoprisnil effectively treated heavy menstrual bleeding (HBM) in patients with uterine fibroids, but limited data exist regarding the
efficacy of SPRMs for HMB outside this context. A notable class effect of SPRMs are benign, PR modulator-associated endometrial changes (PAECs)
due to the actions of the compounds on the endometrium. Both mifepristone and ulipristal acetate are effective for emergency contraception, and
mifepristone was approved by the US Food and Drug Administration (FDA) in 2012 for the treatment of Cushing’s syndrome due to its additional

antiglucocorticoid effect. Based on current evidence, SPRMs show considerable promise for treatment of several gynecologic conditions.
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Progesterone is a factor involved in the development of and treatment of gynecological diseases such as uterine fibroids,
endometriosis, endometrial cancer, and breast cancer.

Selective progesterone receptor modulators (SPRMs) are new classes of synthetic compounds that possess agonist and
antagonist properties with demonstrated therapeutic potential for uterine fibroids, endometriosis, endometrial cancer,
and breast cancer.

Mifepristone is well known for antiglucocorticoid activity (US FDA-approved for the treatment of Cushing’s syndrome in
2012), and its antiprogesterone activity is associated with beneficial effects, such as decreased volume and symptoms of
uterine fibroids, but also detrimental effects including endometrial hyperplasia.

The long-term use of asoprisnil is effective in reducing uterine and fibroid size, controlling bleeding, and improving
quality of life but may pose a safety concern because of long-term endometrial effects of uninterrupted treatment.

Ulipristal acetate can effectively control bleeding, reduce fibroid size, and improve quality of life without showing
significant adverse events except for endometrial hyperplasia without evidence of atypia and has been approved in
Canada and Europe as a presurgical therapy for patients with uterine fibroids as well as for emergency contraception in
the United States.

Telapristone acetate appears to be effective in fibroid treatment, but the development of the compound was suspended
in 2009 due to concerns regarding liver toxicity; recently, studies using lower doses have been restarted.

Vilaprisan is the newest addition of SPRMs that shows efficacy for controlling bleeding and reducing fibroid size and is in

clinical trials.

Progesterone

Progesterone (P4; preg-4-ene-3,20-dione) is a nat-
ural female sex hormone. It plays essential roles in
female reproductive function, including menstrua-
tion, implantation, and pregnancy as well as breast
development and lactation (1). P4 biosynthesis
starts with the common precursor molecule choles-
terol (2). Cholesterol is converted to pregnenolone
by cytochrome P450scc (CYP11A1l) (3), which
is then converted to progesterone by the enzyme
3B-hydroxysteroid dehydrogenase (HSD3B) (2).
The metabolism of progesterone is rapid and ex-
tensive and occurs mainly in the liver. It may form
1 of many different unconjugated metabolites
from enzymatic reduction by reductases and
hydroxysteroid dehydrogenases (4, 5). Progesterone
is metabolized by 5a-reductase and 5p-reductase
into  dihydrogenated 5a-dihydroprogesterone
(50-DHP) and 5B-dihydroprogesterone (5p-
DHP), respectively. These 2 metabolites are
further metabolized into tetrahydrogenated
allopregnanolone, pregnanolone, isopregnanolone,
and epipregnanolone by HSD3A and HSD3B.
Progesterone may also be hydroxylated by
17a-hydroxylase (CYP17A1) and 21-hydroxylase
(CYP21A2) into 17a-hydroxyprogesterone (17a-
OHP) and 21-hydroxyprogesterone, respectively
(4, 5). 5a-DHP is an agonist of the progesterone
receptor (PR) and shows 82% binding affinity for
PR in rhesus monkey uterus (6). Unlike 5a-DHP,
5B-DHP shows very weak binding affinity (1.2%)
for the PR (6). In addition, both 5a-DHP and
5B-DHP may act as modulators of y-aminobutyric
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acid type A (GABA,) receptors that modify a
range of behaviors (7). 5a-DHP has shown potent
progestogenic bioactivity in mares; it stimulates
endometrial growth and P4-dependent gene ex-
pression that maintain equine pregnancy in the ab-
sence of luteal P4 (8). 53-DHP is a potent ligand
for an orphan nuclear receptor, pregnane X re-
ceptor (PXR), while 5a-DHP shows weak binding
affinity for PXR (9). 5p-DHP has been reported to
regulate uterine contractility through activation of
PXR (10). Allopregnanolone and pregnenolone do
not bind to PR, but they are potent modulators of
GABA, receptors (7). These 2 metabolites also act
as agonists of the PXR. Allopregnanolone plays an
important role in mode swings during reproduc-
tive events (11). Pregnenolone may exert protec-
tive effects against schizophrenia (12) and improve
cognitive and memory function (13). In addition,
both allopregnanolone and pregnanolone may be
involved in sedation and anesthesia of the fetus
(14). Two other tetrahydrogenated metabolites,
isopregnanolone and epipregnanolone, may act as
negative regulators of GABA, receptors and reverse
the effect of potentiators, such as allopregnanolone
(15,16). The hydroxylated P4 metabolite 17a-OHP
is an agonist of the PR but weak in comparison to
progesterone. It shows very weak agonism with the
glucocorticoid receptor (GR) (17) and antagonism
with the mineralocorticoid receptor (MR) (18).

P4 is primarily produced by the ovary, specif-
ically from the corpus luteum, a temporary en-
docrine gland that develops after ovulation from
the ruptured follicle. Placenta and adrenal glands
also produce P4. During the menstrual cycle, P4
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produced by the corpus luteum converts the en-
dometrium into a secretory state in preparation
for implantation of an embryo. If implantation
occurs, production of human chorionic gonad-
otropin hCG) by the embryo supports continued
production by the corpus luteum and progesterone
levels remain elevated until placental production
of progesterone eclipses ovarian production at 6 to
8 weeks of pregnancy. When fertilization does not
take place, the P4 levels drop, leading to menstru-
ation via breakdown and shedding of the endome-
trial tissues. During the normal menstrual cycle,
circulating levels of P4 in the body depend upon
a normally functioning hypothalamic-pituitary-
ovarian axis. The pituitary gland is activated by pul-
satile gonadotropin-releasing hormone (GnRH)
secretion from the median eminence of the hypo-
thalamus. This leads to production of follicle stim-
ulating hormone (FSH) and luteinizing hormone
(LH), which act to stimulate ovulation, leading to
ovarian production of P4 (Fig. 1). In addition to
the important role of P4 in normal physiological
processes of the human body, progesterone is in-
volved as a stimulatory or inhibitory molecule in
different pathological conditions, such as uterine
fibroids, endometriosis, endometrial cancer, and
breast cancer (19) (Fig. 1). Because the role of
progesterone in these pathologies is essential yet
relatively tissue-specific, selective progesterone
receptor modulators (SPRMs) have been devel-
oped as therapeutic options for P4 responsive
diseases (20) as well as for emergency contracep-
tion (EC) (21).

Progesterone receptors and their activation

The diverse effects of P4 on target tissues are pri-
marily mediated by the PRs, which are members
of the nuclear receptor family of ligand-dependent
transcription factors. Progesterone receptors
exist as 2 functionally active isoforms, PR-B and
PR-A (22) (Fig. 2). Other truncated alternatively
spliced isoforms, including PR-C (60 kDa) (23),
PR-S (24), PR-T (25), PR-i45 (26), and PR-M (~
38 kDa) (27) have been reported. Though these
isoforms and variants have been shown to have
effects, the essential nature of their roles has not
been fully elucidated. Progesterone receptor
isoforms are encoded by a single gene (HUGO
gene symbol = PGR) located at chromosome 11
(11g22-q23). The PGR gene possesses 8 exons and
7 introns. PR-B is a full length protein (116 kDa) of
933 amino acids, while PR-A is truncated (94 kDa)
in the N-terminal region, lacking 164 amino acids
present in PR-B (28). As a result, the 2 receptors act
as functionally distinct transcriptional factors (22).

doi: 10.1210/endrev/bnaa012

PR-A may act to suppress the function of PR-B,
while PR-B often acts as a potent activator for tran-
scription of target genes (29).

The 2 functionally active PR isoforms (PR-A
and PR-B) share some common elements, such as
highly variable N-terminal A/B domain (NTD),
DNA binding domain (DBD), hinge (H) region,
and ligand-binding domain (LBD) (30) (Fig. 2).
The NTD component plays an important role in
activation of transcription, and both receptors can
be conceptualized as ligand-dependent transcript
factors. PR-B contains 2 activation functions,
(AF)-1 and AF-3, while PR-A contains only AF-1
at the N terminal region (31). The H region is
located between DBD and LBD. The H region
is involved in the DNA and coregulatory protein
binding and dimerization of receptors. This re-
gion contains a nuclear localization signal (NLS)
for the active transport of PR from the cytoplasm
to the nucleus (32) and a site for post-translational
modifications (33). The LBD spans most of the
C-terminal of PR and contains AF-2 (34). In ad-
dition to the binding hormone, the LBD binds
coregulators and participates in receptor dimeri-
zation (35). PR-C lacks the DBD region as well as
the 2 activation function domains AF-3 and AF-1
(23). PR-A and PR-B possess a distinct affinity for
specific coregulators (defined as corepressors and
coactivators). PR-A shows higher binding affinity
for corepressors (such as SMRT [silencing medi-
ator of retinoid and thyroid hormone receptor]),
while PR-B exhibits a higher binding affinity for
coactivators (such as, SRC-1 [steroid receptor
coactivator-1]) (36).

The “classical pathway” of P4 actions includes
genomic actions mediated by nuclear PRs (Fig. 2).
In the absence of a bound hormone, PRs are
complexed with suppressive chaperone molecules
such as heat shock proteins (HSPs) HSP90, HSP70,
and HSP40, and cochaperone proteins Hop and
p23 (37). Binding of P4 to PRs induces receptor
activation, a process involving a conformational
change of the receptor that leads to the dissociation
of chaperones followed by dimerization and trans-
location of the complex from the cytoplasm into the
nucleus. Activated PRs bind to specific PR elements
(PREs) within the promoter region of target genes
(38) and interacts with specific coregulators (such
as SRC-1, SRC-2, and SRC-3, CREB-binding pro-
tein (CBP)/p300, and SMRT) (39) and general
transcription factors, thereby forming a complex
on the target gene promoters. The resulting com-
plex then initiates the transcriptional activation or
suppression of target genes. Progesterone receptors
can also induce transcription of genes that lack
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Figure 1. Progesterone role in reproductive diseases. Progesterone synthesis starts with the signal from the hypothalamus to the pituitary gland to release FSH and LH,
which further stimulate ovaries to produce progesterone. Progesterone primarily regulates female reproductive function and breast development. Binding of progesterone at

its receptor differentially affects tissue growth at its various sites of action. Progesterone is thought to be stimulatory for uterine fibroid growth, while it is protective for endo-

metrial cancer and endometriosis. The effect of progesterone on breast cancer is complex and variable. Progesterone plays a role in the growth and development of uterine
fibroids through stimulation of cell proliferation and facilitating extracellular matrix accumulation. This occurs through activation of the AKT and TGF-[33 pathways and the
effects of their downstream intermediaries. Progesterone is thought to negatively impact the development of endometriosis; a reduction in P4-regulated genes and PR-B
expression in stromal cells has been reported in endometriotic lesions. Progesterone is thought to play a protective role in the development of some endometrial cancers
through downregulation of the TGF-f signaling cascades, with the downstream effect inhibiting the growth of endometrial epithelial cells and reducing cancer cell viability
and invasion. In the breast, the role of progesterone is complex and controversial. P4 has been shown to drive proliferation, survival, invasion, and angiogenesis of breast
cancer cells through the EGF and Wnt-1 pathway, as well as various other intermediaries. In contrast, progestin has also been shown to induce MKP-1 (MAPK phosphatase
1) expression in a PR-dependent fashion as a means of inducing antiproliferative effects.

PREs by cooperating with other DNA-bound 5 (STAT5) (43), and nuclear factor kappa-light-
transcription factors (40), including activator pro-  chain-enhancer of activated B cells (NF-«B) (44).
tein 1 (AP-1) (41), specificity proteinl (Spl) (42), Progesterone receptors possess numerous sites
signal transducer and activator of transcription for post-translational modification, including
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Figure 2. Progesterone receptors and their activation. A: Structural and functional properties of progesterone receptor isoforms. PR-B is a protein of 933 amino acids, while
PR-A lacks 164 amino acids of PR-B at N-terminal region. The common structural elements include highly variable NTD, DBD, H region, and LBD. PR-B consists of 2 transcrip-
tion activation functions, (AF)-1 and AF-3, but PR-A consists of only AF-1 located at NTD. AF-2 located at LBD presents in both PR isoforms. Hinge region is involved in the
binding of DNA and coregulators, and the dimerization of receptors following active transport of PR into the nucleus. Other truncated progesterone receptor isoforms are
demonstrated below the shaded box. PR-C contains deletions at the amino terminus that likely result from an alternative location for translation initiation. PR-S and PR-T
likely give rise to identical proteins that are truncated at the amino-terminus due to retention of an intronic sequence termed exon S or exon T, respectively. They both retain
transcription of H and LBD. PR-M contains a novel 16 amino acid amino-terminal sequence encoded by a sequence in the distal third intron of the PR gene, followed by exons
4 through 8 of the original PR gene. PR-i45 retains 2 intronic sequences termed exons i45a and i45b. This leads to a change in the reading frame, which causes a truncated
protein that lacks a functional LBD and DBD. B: Schematic diagram of mPR protein showing extracellular (gray), 7-transmembrane (orange), and cytoplasmic (clear) domains
predicted by several programs. C: PGRMC1 is comprised of a single N-terminal TM and a Cyt b5 domain. The protein has sites for interaction with SH (Src-homology)-2 and
SH-3 domains of Src tyrosine kinases, kinase binding sites, and a phosphorylation site for tyrosine and serine/threonine kinases. D and E: Progesterone receptor-mediated
genomic and nongenomic signaling pathways. Genomic signaling begins with progesterone binding to nuclear receptors (PR-A and PR-B), which induces receptor activation
and leads to dissociation with heat shock proteins (HSP90, HSP70, and HSP40), following dimerization and translocation into the nucleus where they bind with PREs within
the promoter of target genes. It is the subsequent interaction of the transcription complex with specific coregulators and transcription factors that initiate the transcriptional
activation or suppression of target genes. Liganded PR can also activate transcription of genes, the promoters of which lack PREs by acting as a bridge between transcription
factors and coactivators at promoters containing activator protein 1 (AP-1), specificity protein1 (Sp1), signal transducer and activator of transcription 5 (STATS5), and NF-xB
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phosphorylation (45), ubiquitination (46), and
sumoylation (47) that serve to influence their
stability, trafficking, transcriptional activity, and
target gene selectivity.

In addition to genomic actions, P4 can elicit
rapid, nongenomic actions (also referred to as
“nonclassic” or “extranuclear” effects), which take
place within seconds to minutes (48) (Fig. 2). This
rapid P4 response can be initiated at the cell surface
to activate intracellular signaling pathways through
the activation of cytoplasmic PRs or membrane-
bound PRs (mPRs) (49). Progesterone receptors
can activate mitogen-activated protein kinase
(MAPK) signaling pathway through its proline-
rich motif by interacting with c-Src tyrosine kinase
directly (50) or indirectly (51). The mPRs, also
called PAQRs (progestin and adipoQ receptors),
were first characterized in fish ovaries (52) and
contain 7 transmembrane domains. Three mPR
isoforms (~40 kDa), including mPRa (PAQR?7),
mPRp (PAQRS), and mPRy (PAQR5), were subse-
quently identified in humans and other vertebrate
species (53, 54). Two other mPRs, mPRS (PAQR6)
and mPRe (PAQRY), have also been proposed as
being capable of responding to progesterone (54).
The mPR isoforms are encoded by separate genes
and possess 7 transmembrane domains. The tran-
script sizes of the mPR varied from 2.8 to 5.8 kb
(53). Dressing et al demonstrated the expression
of mPRa, mPRp, and mPRy subtypes in human
breast tumor biopsies as well as their localization,
signaling, and antiapoptotic actions in PR-negative
breast cancer cell lines (55). P4 treatment caused
rapid activation of p42/44 MAPK in PR-negative
breast cancer cell lines (55). The mPRs mediate
other nongenomic signaling pathways, including
Ca2+ infiux/(protein kinase C) PKC activation
(56) and phosphatidylinositol 3-kinases (PI3K)/
AKT pathway (55, 57).

In addition to the classical PRs and mPRs, PR
membrane component 1 (PGRMC1) (26-28 kDa)
(58) and PGRMC2 (59) are 2 other novel mem-
brane proteins belonging to the heme-binding pro-
tein family of membrane-associated PR proteins.
PGRMC1 consists of 194 amino acids and contains
a short N-terminal extracellular domain, a single
transmembrane domain, a cytoplasmic domain,
and a cytochrome b5 domain (60, 61) (Fig. 2). It
is primarily located in the cell membrane but is
also expressed in the endoplasmic reticulum and

Golgi apparatus (62). It also contains 3 binding
interfaces for Src homology domains, which in-
clude 2 SH (Src homology)-2 and 1 SH-3 target
sequences (63). P4 binds to PGRMCI1, which in
turn associates with SERBPI (serpine binding
protein 1) and signals through the cyclic aden-
osine monophosphate (cAMP), and Jak/Stat ki-
nase signaling pathways (64, 65). PGRMCI can
also bind to cytochrome P450 and complex with
proteins implicated in cholesterol synthesis,
therefore possibly playing a role in progesterone
production (66). PGRMC2 is structurally similar
to PGRMCI and likely evolved from a common
ancestor (58, 59). However, PGRMC2 differs from
PGRMCI in the N-terminal and transmembrane
domains, which indicates that the 2 receptors may
interact with different proteins (67).

Progesterone receptors in normal uterine and
mammary function

The human uterus is a dynamic organ that is
highly responsive to ovarian steroids. It is com-
posed of 2 major compartments, the endome-
trium and myometrium. The endometrium can
be further divided into the luminal and glandular
epithelia, surrounded by the stromal layer. The en-
dometrium undergoes dynamic changes during
the normal menstrual cycle under the influence
of E2 and P4. During the follicular phase of the
menstrual cycle, also called the proliferative phase,
estrogen levels are high. In this phase the tissue is
extensively repaired from the damage caused by
menses via E2-mediated proliferation of the epi-
thelial and stromal cells. After ovulation, the en-
dometrium enters into the secretory phase. During
this phase, rising circulating P4 antagonizes the
proliferative effects of E2, causing differentia-
tion of stromal cells towards decidualization (68).
This effect highlights the complex functional in-
teraction between the estrogen receptor (ER) and
PR systems. To facilitate this, the relative levels
of ER and PR vary between endometrial cell
types throughout the menstrual cycle. During the
preovulatory phase, ER and PR expression levels
were found to be higher in both epithelial and
stromal cells, while in the luteal phase, ER staining
strongly decreased in both cell types, but stromal
cells stained moderately for PR (69, 70). PR-A and
PR-B are highly expressed in glandular epithelium
during the proliferative phase of the menstrual

sites. Progesterone elicits nongenomic actions through binding with membrane-bound progesterone receptors (mPRs: mPRa, mPRf3, and mPRy; and PGRMC1) or cyto-
plasmic PRs following association with cytoplasmic kinase cascades (such as cSrc) and downstream signaling pathways. These include (MAPK, Ca2+ infiux/PKC activation,

and the PI3K/AKT pathway. P4 exerts nongenomic actions through PGRMC1 via association with SERBP1 and downstream signaling through the cAMP and Jak/Stat kinase

signaling pathways.
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cycle, which is consistent with the known induc-
tion of PR expression by E2. However, there is also
predominant expression of PR-B in the glands
during the midsecretory phase (71), suggesting its
significance in glandular secretion. In the stroma,
PR-A is the predominant isoform throughout the
menstrual cycle (71, 72), implicating this isoform
in postovulatory P4-mediated events. P4 action in
the uterus is affected not only by ligand bioavaila-
bility but also potentially from the ratio of receptor
isoforms in the tissue.

The novel membrane P4 receptors, PGRMCl1
and PGRMC2, are differentially expressed in
human endometrium (73, 74). PGRMCI1 levels
are highly expressed in the proliferative phase,
but then decline during the secretory phase in
an artificial menstrual cycle model in monkeys.
PGRMCI1 was localized to the stroma, glandular
epithelium, and luminal epithelium of the endo-
metrium (74). In contrast, PGRMC2 levels were
reduced during the proliferative phases of the cycle
and then increased markedly during the secretory
phase. PGRMC2 was localized to the luminal and
glandular epithelia (74). Bunch et al reported that
both PGRMCI1 and PGRMC2 levels were signifi-
cantly lower in the secretory phase endometrium
in women with endometriosis (75). These dynamic
changes of the PGRMCI: PGRMC2 ratio in the
uterus over the reproductive cycle may associate
with the development of uterine disease such as
endometriosis.

The human myometrium expands through hy-
perplasia and hypertrophy of smooth muscle cells
over the course of pregnancy (76). Both PR-A
and PR-B are expressed in the myometrium (77).
PR-B is the more abundant isoform in human
myometrium at the preterm stage and maintains
its levels at the nonlaboring stage, while PR-A is
more prominent in the laboring myometrium (77),
implicating that regulation of the PR-A:PR-B ratio
may contribute to preparation and switch of my-
ometrium into a contractile state. Indeed, recent
work showed that the PR-A ligand can independ-
ently stimulate the expression of the key labor
promoting gene Cx43 (78), while PR-B knockout
mice undergo normal pregnancy and parturition
(79). In contrast, mice lacking PR-A show ovarian
deficiencies and embryos fail to implant (80). The
membrane-associated PRs, mPRa and mPRp, have
been detected in human pregnant myometria and
in pregnant myometrial cells (81). The activa-
tion of mPRs leads to the transactivation of PR-B
(81), suggesting cross-talk between mPRs and nu-
clear PRs, and a possible role in shifting the bal-
ance from a quiescent state to one of contraction.

doi: 10.1210/endrev/bnaa012

Furthermore, Kowalik et al reported the differential
expression of mPRa, mPR, and mPRy receptors
in the bovine uterus during the reproductive cycle
(82), supporting their participation in the regula-
tion of uterine functions.

The mammary gland is a hormonally respon-
sive tissue which undergoes most of its develop-
ment after birth. It is comprised of 2 major tissue
compartments, epithelium and stroma. The epi-
thelial compartment is made up of 2 different cell
types, luminal epithelial cells and myoepithelial
cells. Three major hormones, estrogens, proges-
terone, and prolactin, play important roles in
the development of the mammary gland (83).
In adult ovariectomized BALB/c mice, P4 was
found to promote proliferation of luminal and
myoepithelial cells, resulting in side branching
and alveologenesis. This effect is amplified when
E2 is combined with P4 (84). The role of P4 in
mammary development are regulated by the ratio
of PR-A and PR-B in target tissues. Indeed, mice
lacking PR or with an abnormal ratio of PR-A and
PR-B exhibit incomplete mammary gland develop-
ment (85, 86). PR-A levels are induced by E2 and
reduced by P4, while PR-B levels are induced by
P4 or E2 plus P4 (84). Aupperlee et al reported
that PR-A was predominantly found in the virgin
mammary gland during active ductal develop-
ment, while its levels were significantly lower
during pregnancy (87). On the other hand, PR-B
levels were higher during pregnancy and during
alveologenesis (87). A mouse model with deletion
of PR-A (80) or PR-B (79) was developed to dis-
tinguish the specific role of PR isoforms in uterine
and mammary function. PR-A knockout mice
show infertility with defects in uterine and ovarian
function (80). On the other hand, PR-B knockout
mice demonstrate dispensable uterine function
and have markedly reduced pregnancy-associated
ductal sidebranching and lobuloalveolar develop-
ment (79). These observations suggest that PR-A
may function as the primary driver of uterine func-
tion and is sufficient for fertility, while PR-B may
be critical for mammary gland development and
morphogenesis during pregnancy.

Role of progesterone in reproductive diseases

Uterine fibroids. Uterine fibroids are the most
common benign tumors of the female genital tract
and are believed to originate from the myometrial
smooth muscle cells of the uterus. The prevalence
of uterine fibroids is over 3-fold higher in black
women compared to white women (88). Several
recent studies suggest that vitamin D deficiency
is differentially associated with race and fibroid
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development (89-91). Black women are 10-fold
more likely to have vitamin D deficiency compared
to white women (92), which may contribute to the
higher prevalence of fibroids in this population.
While 77% of women will have fibroids detected in
the uterus, approximately 25% of women experi-
ence associated symptoms (93, 94). Uterine fibroids
are primarily associated with abnormal and heavy
uterine bleeding, pelvic pain or pressure, as well as
bowel and bladder dysfunction. Reduced fertility
and a decreased likelihood of clinical pregnancy,
implantation, and live birth as well as an increased
rate of spontaneous miscarriage have been clearly
associated with uterine fibroids (95, 96). Fibroid
disease is complicated because the tumors can
be located throughout the uterus, seemingly ran-
domly, growing to different sizes and occurring in
different locations. For example, fibroids located
within the uterine cavity interfere with endome-
trial development and cause bleeding and infer-
tility, while fibroids located on the outer surface of
the uterus do not impair fertility but may be associ-
ated with pain or gastrointestinal symptoms when
large. This complicated disease exerts an enormous
economic burden on the health care system world-
wide. Estimates of the financial burden associated
with the disease are a total annual cost of $5.89-
$34.37 billion in the United States (97).

Various studies suggest that fibroids likely de-
velop from a single myocyte. In analyses of mul-
tiple fibroids within the same uterus, chromosomal
changes within different fibroids suggests that they
develop independently. Further research utilizing
X-inactivation concluded that each fibroid is likely
clonal in origin. Original studies demonstrating
this unicellularity of individual fibroids used
isoenzyme analysis of glucose-6phosphate de-
hydrogenase (98, 99). Mashal et al studied the
pattern of X-chromosome-linked inactivation of
phosphoglycerokinase in fibroid cells, concluding
that the monoclonal pattern of a single inactive
allele likely suggested a unicellular origin (100).
Fibroids have also been shown to exhibit an in-
trinsic growth rate independent of other fibroids
within the same uterus (101).

Uterine fibroid growth is thought to be de-
pendent on steroid hormones (Fig. 1) since fibroids
appear during the reproductive years and regress
after menopause. However, the measurement of fi-
broid growth by MRI revealed that within a single
woman, some fibroids grew and others regressed,
suggesting that factors in addition to sex steroids
contributed to fibroid growth (102). While es-
trogen (E2) is considered the major mitogenic
factor in the uterus, biochemical and clinical
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studies support the conclusion that P4-PR also
plays an important role in fibroid growth and de-
velopment (103, 104). Higher mitotic activity in
uterine fibroids has been observed during the P4
dominance secretory phase compared to the prolif-
erative phase of the menstrual cycle (105, 106), also
supporting the P4 involvement in fibroid growth.

One distinguishing characteristic of fibroids
is their excessive accumulation of extracellular
matrix (ECM), including collagens, fibronectin,
and proteoglycans (107). The growth of fibroids
is influenced by cell-ECM interactions. The ECM
of fibroids is abnormal in amount and struc-
ture. The rigid structure of the ECM and the ab-
normal fibrosis are a key pathologic feature.
Furthermore, genetic factors have been reported
to be associated with uterine fibroids. Mékinen
and colleagues reported that the mediator com-
plex subunit 12 (MED12) gene is mutated at a high
frequency (70%) in uterine fibroids (108). A re-
cent study by Paakkola et al reported the biallelic
mutations in human NHL repeat-containing
protein 2 (NHLRC2) that promoted differenti-
ation of fibroblasts to myofibroblasts in fibrosis,
neurodegeneration, and cerebral angiomatosis di-
sease (109). NHLRC2 might be of great interest in
uterine fibroids.

P4 may stimulate fibroid growth by regulating
growth factor function, ECM activity, and mi-
croRNA (miRNA) expression (107, 110) through
interactions with PR-A and PR-B. Normal myo-
metrium and uterine fibroids express both PR-A
and PR-B, with elevated levels found in fibroids
(111). P4 stimulates leiomyoma cell growth and
survival through upregulation of antiapoptotic
protein B-cell lymphoma (Bcl)-2 (112), epidermal
growth factor (EGF) (113), and transforming
growth factor-B3 (TGF-B3) (114), and through
downregulation of tumor necrosis factor (TNF)-a
(115). This stimulatory effect of P4 is mediated, at
least in part, by activating the AKT pathway and
its downstream effectors, p-GSK3p (phospho-
glycogen synthase kinase 3p) and p-FOXOIl
(phospho-forkhead Box O1), in fibroid cells (116).
Decorin is a collagen-associated ECM within the
proteoglycan family. Decorin has been shown to
inhibit TGF-B3 (117). The higher levels of TGF-
3 mRNA were observed in leiomyoma (114), and
TGF-B3 increased collagen and fibronectin ex-
pression (118). It was shown that P4 can decrease
mRNA expression of decorin in uterine leiomyoma
cells compared to controls (119). This suggests that
P4 may influence fibroid growth by inducing TGF-
B3 functions through downregulation of decorin
activity. miRNAs are short (~22-nucleotide)
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noncoding RNAs that act as post-transcriptional
regulators. The miR-29 family is commonly
known as a tumor suppressor (120). It has 3 ma-
ture members, miR-29a, miR-29b, and miR-29c.
Uterine leiomyoma demonstrate lower expression
of miR-29b compared to myometrium (121). In a
fibroid xenograft model, restoration of miR-29b
resulted in the inhibited accumulation of several
collagen subtypes (121). Qiang et al reported that
P4 can upregulate mRNA expression of collagens
via downregulating miR-29b expression (121). The
role of P4 in fibroid growth was further elucidated
by the observation that LAT2 (L-type amino acid
transporter 2), a PR target gene, was induced by
P4 and could be blocked by treatment with mifep-
ristone, a P4 antagonist (122). This may explain
the finding in several studies that mifepristone
reduces fibroid size and symptoms (123-126).
Furthermore, Yin et al reported that kriippel-like
transcription factor 11 (KLF11), a known tumor
suppressor, was slightly downregulated by P4 but
profoundly upregulated by mifepristone treatment
in uterine fibroid cells (127).

Endometriosis. Endometriosis is a debilitating
condition that negatively affects a woman’s health
and quality of life. The disease is characterized by
the presence of endometrial glands and stroma
located outside the uterine cavity (128). Sampson’s
hypothesis postulates that endometriotic lesions
may derive from abnormal endometrial cells that
access the peritoneum by retrograde menstruation
(129). However, endometriosis is actually a com-
plex, protean disease that occurs in several different
phenotypes, such as superficial or deeply-invasive
disease, and one mechanism may not account for all
varieties of disease (128, 130, 131). Endometriosis
frequently results in pelvic pain and infertility (128,
132). However, these findings are not very specific;
the incidence of endometriosis in reproductive-age
women ranges from 6% to 10%, whereas endometri-
osis may only be present in 50% of women with in-
fertility and 20% of women hospitalized with pelvic
pain (131, 133). Endometriosis is a major cause of
hysterectomies and hospitalization, and disease-
associated costs account for an estimated total an-
nual healthcare cost of $69.4 billion in 2009 in the
United States (134).

Endometrial functions are greatly influenced by
E2 and P4. These steroid hormones regulate the ex-
pression of hundreds to thousands of genes during
the menstrual cycle (135). While E2 signaling
is considered a major driver for the develop-
ment and growth of endometriosis (128, 136), P4
plays an opposite role (137) (Fig. 1). Progesterone
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resistance is believed to play a role in the patho-
genesis of endometriosis (138). The ratio of E2:P4
may be altered by the local expression of enzymes,
which may in turn alter PR activation or inhibi-
tion in the disease state. HSD3B enzyme activity is
one of the key mediators in the conversion of de-
hydroepiandrosterone to androstenedione, a pre-
cursor of estrogen production. Higher HSD3B2
mRNA expression and activity was observed in
endometriotic tissue compared with normal en-
dometrium (139), supporting the presence of
elevated E2 levels in endometriosis. Lower expres-
sion of CYP11A1 was seen in the endometriotic
lesions (139), indicating the low synthesis of P4 in
endometriotic tissues. Huhtinen et al reported that
expression of HSD17B2 was significantly lower,
while expression of HSD17B6 and CYP19Al
was significantly higher in endometriotic lesions
compared to endometrial tissue (140).
Endometriotic lesions demonstrate decreased
expression of PR-A and an absence of PR-B
compared to eutopic endometrium (141). In addi-
tion, it has been reported that several P4-regulated
genes, including glycodelin, N-acetylglucosamin
e-6-O-sulfotransferase, and 17p hydroxysteroid
dehydrogenase 2 (17PpHSD2), were reduced in
eutopic endometrium from subjects with endome-
triosis (142, 143). In the endometrium, P4 induces
expression of 17BHSD2, which catalyzes the con-
version of biologically potent estradiol to the much
less estrogenic estrone (144). P4 may increase the
formation of retinoic acid by endometrial stromal
cells, which in turn induces 17BHSD2 expression in
endometrial epithelial cells in a paracrine manner
(145, 146). However, endometriotic stromal cells
do not respond to P4 and, therefore, no retinoic
acid production occurs in these cells (147). The
lack of retinoic acid leads to the decrease of epithe-
lial 17BHSD2 and the failure to inactivate estradiol
in endometriotic tissues (147, 148). The inability of
endometriotic tissues to upregulate 17pHSD2 in re-
sponse to P4 may be due to decreased expression of
PR-B in stromal cells. Indeed, the loss of PR expres-
sion or disturbance of the PR-mediated signaling
pathway is often linked with hyperactive E2 action
in the endometrium and development of gyne-
cological diseases, including endometriosis (149,
150). In a recent study, it was found that the treat-
ment of female mice with P4 before artificial induc-
tion of endometriosis inhibited the development
and growth of ectopic lesions, primarily through
decreased cell proliferation, inflammation, and
angiogenesis (137). Hence, the antiendometriotic
nature of P4 has led to progestins as hormonal
therapies for clinical treatment of endometriosis
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(151). Unfortunately, the therapeutic potential of
P4 in the management of endometriotic patients
remains challenging due to the proliferative role
of P4 in endometrial stromal cells (152), which
constitutes a major cellular component in the ec-
topic lesions. Clinical and translational studies sug-
gest that endometriosis is a pleotropic condition
and that some ectopic endometrial lesions are re-
sponsive to P4 therapy, but others may be resistant
(132, 153). Further study is needed to characterize
the basis of P4 resistance and to identify the driving
factors that downregulate PR signaling pathways in
these diseased tissues.

Endometrial cancer. Endometrial cancer is the
most common gynecological cancer in the United
States and arises in the glandular epithelium
(154). In 2019, a total of 61 880 new endometrial
cancer cases and 12 160 deaths from endometrial
cancer are projected to occur in the United States
(155). The primary presenting sign of endometrial
cancer is abnormal vaginal bleeding, especially in
postmenopausal women. However, endometrial
cancer is diagnosed in approximately 3% to 14%
of women at or younger than 40 years of age (156,
157). Fortunately, most treatment interventions are
curative and the 5-year survival rate approaches
86% after surgical and/or radiation treatment for
endometrial cancer (158).

Endometrial carcinoma is classified into his-
tologic categories by cell type; the most common
is endometrioid. Most tumors of this type ex-
press ERs and PRs. Genomic profiling has further
identified various subtypes of endometrial cancer
based on copy-number levels, microsatellite insta-
bility, and mutations in POLE, a catalytic subunit
of DNA polymerase implicated in DNA replica-
tion and repair (159). In an analysis by Levine and
colleagues, low copy-number levels were associ-
ated with increased PR expression. This feature was
found in the majority of endometrioid tumors. Of
note, the authors found that 25% of endometrioid
tumors instead feature high copy-number levels
(159), therefore explaining the nonuniversal re-
sponse of this tumor type to hormonal therapy.

Analogous to their role in normal endome-
trial function, E2 and P4 govern and participate
in growth and development of endometrial cancer.
P4 exposure may attenuate endometrial cancer
risk (160, 161) (Fig. 1), whereas continued, “un-
opposed” E2 exposure is strongly associated with
increased endometrial cancer risk (162, 163).
Hence, P4 has been targeted as a primary treatment
for endometrial cancer in premenopausal women.
Response rates in this group of women can be as
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high as 60%, indicating that P4 is a potent inhibitor
of endometrial cancer growth (164).

The expression of PRs in endometrial glands
can be controlled by both steroid hormones
E2 and P4. E2 induces PR production, while
P4 downregulates the expression of its own re-
ceptor (1). The efficacy of P4 in treating endome-
trial cancer typically depends on the presence of
receptors in target tissues. Expression of PRs was
positively correlated with a favorable prognosis
and response to P4 treatment (165), whereas loss
of PR expression underlies treatment failure. Yang
et al examined the possibility of restoring PR ex-
pression in endometrial cancer cells by epigenetic
modulation and then treating cells with the histone
deacetylase inhibitor (HDACi) LBH589 (157). The
authors found that treatment of endometrial cancer
cells with LBH589 can induce robust upregulation
of PR expression, which subsequently upregulates
FOXO1, p21, and p27, and downregulates cyclin
D1. LBH589 treatment also induces cell cycle ar-
rest in G1; this process is further augmented by P4
(157). This innovative therapeutic approach may
be used to sensitize endometrial tumors to pro-
gestin therapy.

The variable expression of PRs in endometrial
cancer means that the action of P4 in this disease
is complex. Ishikawa (well-differentiated) endo-
metrial cancer cells express both PR-A and PR-B,
with a predominance of PR-B (166), while poorly
differentiated endometrial carcinoma cells express
only PR-A (166). By microarray analysis, Jongen et al
reported that PR-A and PR-B were associated with
lower grade endometrial tumors (167). Advanced
endometrial tumors were associated with predomi-
nant expression of PR-B (168). In contrast, Arnett-
Mansfield et al reported the loss of both PR-A and
PR-B isoforms in advanced endometrial cancer
(169). Distribution was found to be variable between
receptor type, with PR-A predominantly evenly dis-
tributed in endometrial cancers contrasting with
focal localization of PR-B (170). This apparent incon-
sistency may relate to the rather dynamic expression
of PRs in the endometrial cancers.

P4 exerts antiproliferative effects in endometrial
cells through inducing transcription factor FOXO1.
Endometrial tumor tissues demonstrate reduced
FOXO1 expression compared to normal endome-
trium (171). Treatment with P4 has been shown to
upregulate FOXO1 protein levels in Ishikawa en-
dometrial cancer cells, acting through PR-B (171).
FOXOL1 can also act as a direct target of progestin
in inhibiting growth of endometrial epithelial cells
(172). Furthermore, FOXO1 is a known antimitogen
and upstream regulator of insulin-like growth factor
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binding protein 1 (IGFBP-1). P4, through PR-B but
not PR-A, can also induce expression of IGFBP-1
in endometrial epithelial cells (173), suggesting
the FOXO1/IGFBP-1 axis is important for PR-B-
dependent growth inhibition of endometrial epi-
thelial cells. Bokhari et al reported that P4 can also
exert an inhibitory effect on endometrial cancer
by regulating TGF-p signaling (174). In their anal-
ysis, P4 treatment was found to reduce basal- and
TGFB1-induced endometrial cancer cell viability
and invasion, which was associated with increased
E-cadherin and decreased vimentin expression
(174). P4 also inhibited TGF-f signaling cascades,
such as TGFP receptors (TGFPR1, TGFPR3),
SMADs (SMAD?2/3, pSMAD2/3, and SMAD4), and
TGF- isoforms (TGF-B1, TGF-p2, TGF-B3) (174).

Breast cancer. Breast cancer is the most frequent
cause of cancer mortality in women worldwide.
In the United States, 271 270 new breast cancer
cases and 42 260 deaths from breast cancer are
projected to occur in 2019 (155). Breast cancer can
be categorized into 3 major groups according to
the presence or absence of ER and PR, and human
EGF receptor 2 (EGFR2 or ERBB2). These include
ER-PR positive/ERBB2 negative (70% of patients),
ERBB2 positive (15-20%), and triple-negative
tumors that lack all receptors (15%) (175).

P4 is critically involved in normal breast de-
velopment and function (1), and its effects are
mostly mediated via PR-A and PR-B (176). The
PR-A:PR-B ratio is strongly associated with breast
cancer progression (176, 177) and indicates a po-
tential benefit of endocrine therapy (178, 179).
Breast cancer patients with high PR-A levels ex-
perienced a worse prognosis and resistance to ta-
moxifen treatment. However, individuals with this
subtype did respond to anastrozole (179) and mi-
fepristone (180). The role of P4 in breast cancer
progression is complex and remains controver-
sial. P4 may exert stimulatory or inhibitory effects
in both breast cancer cells and in animal tumor
models (181, 182) (Fig. 1). Progesterone receptor-
positive mammary carcinoma cells demonstrated
a biphasic cellular response, with an immediate
proliferative burst followed by a sustained growth
arrest in response to P4 or synthetic progestin
treatment (181, 182). The synthetic progestin
R5020 has been reported to inhibit the growth of
T47D breast cancer cells when stimulated with
different mitogens such as serum, estradiol, in-
sulin, and EGF (183). The antiproliferative effect
of P4 in breast cancer cells is mediated by the in-
duction of the CDKIs (cyclin-dependent kinase
inhibitors), including p21 (184), p18 (185), and
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P27 (185), as well as PR transcriptional coactivator
TReP-132 (186). MAPK phosphatase 1 (MKP-1/
DUSP1) is known to act as a counter-regulator of
MAPK signaling. Progestin treatment inhibits cell
proliferation via inducing MKP-1 expression in a
PR-dependent fashion, in association with reduced
levels of pERK1/2 in T47D breast cancer cells
(187). These results suggest that MKP-1 is one of
the critical mediators of the antiproliferative effects
of P4-PR in breast cancer cells.

In contrast, clinical studies have reported that
women exposed to E2 plus progestin experience
an associated increase in breast cancer risk (188).
A great deal of evidence supports this clinical ob-
servation. P4 drives proliferation, survival, invasion,
and angiogenesis of breast cancer cells through mul-
tiple signaling cascades (Fig. 1). In human breast
cancer cells, progestin is shown to inhibit cell death
(189) and stimulate cell proliferation. This prolifera-
tion occurs, at least in part, through the upregulation
of cyclin D1 expression via PI3K/AKT/NF-«kB
pathway (190). Carvajal et al reported that P4 alone,
or in combination with EGE induced cell prolifer-
ation of ZR-75 breast cancer cells, mediated partly
by the EGF/ERK1/2/STAT5 pathway and the tran-
scription factor c-fos (191). The growth of T47D
breast cancer cells was also induced by progestin
action through the upregulation of Wnt-1 and sub-
sequent robust activation of the EGF-R and ERK1/2
pathways (192). These results demonstrate the phys-
iological role of steroid hormone and growth factor
signaling in promoting the survival or prolifera-
tion of early breast cancer lesions. P4 also induces
expression of vascular endothelial growth factor
(VEGF) mRNA and protein in cultured human
T47-D breast cancer cells (193), suggesting that an-
giogenesis may be one mechanism of P4-induced
breast cancer cell growth or metastasis. Mammary
stem cells are putative targets for cell transforma-
tion events leading to breast cancer. P4 was shown
to mediate mammary stem cell self-renewal via par-
acrine mechanisms in which luminal cells signal to
basal cells via Wnt4 (wingless-type MMTV [mouse
mammary tumor virus] integration site family,
member 4) and RANKL (receptor activator of nu-
clear factor kappa-B ligand or TNF superfamily
member 11) (194). Transcription factor ATBF1 (AT
motif-binding factor 1 or zinc finger homeobox 3) is
a known prognostic indicator for breast cancer pro-
gression (195). Recently, ATBF1 has been reported as
a transcriptional target of P4-PR signaling in mam-
mary epithelial cells (196). ATBF1 expression is ro-
bustly induced by P4 action through PR in cultured
cells and mammary tissues. P4-activated PR binds to
the ATBF1 promoter, thus mediating the induction
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1930s

1930-1934:
Pregnancy hormone

Progesterone (P4)

(8S, 9S,10R,13S,145,17S)-17-
acetyl-10,13-dimethyl-
1,2,6,7,8,9,11,12,14,15,16,17-
dodecahydrocyclopentala]
phenanthren-3-one

1980s

1990-2000s:
Used for uterine
fibroid management

Mifepristone (RU-486)

11B-(4-dimethylaminophenyl)-
17B-hydroxy-17ot-
(1-propynyl) estra-4,9-
dien-3-one

of stem cell marker expression and the expansion of
progenitor cells (196).

Selective Progesterone Receptor Modulators

SPRMs are a new class of synthetic steroid ligands
(Fig. 3) that are designed to compete at the
PR-target site in a tissue-specific manner. This
makes them clinically more effective and improves
the ability to study progesterone-dependent gyn-
ecological diseases. Binding of the SPRM to the
PR can induce agonistic, antagonistic, or mixed
effects on the PR (197, 198) and persuade a com-
munication for permitting receptor dimerization,
binding DNA, and interrelating of coactivators
and/or corepressors (Fig. 4). The strength of these
divergent effects depends on the ratio of PR-A
and PR-B in the tissue and the specific binding af-
finity of SPRMs for each receptor isoform (199).

2000s 2000s-2009s

2007s:
Halted clinical development

2011s:
Restarted at lower doses

Telapristone acetate
(CDB-4124)

Asoprisnil (J-867)

Benzaldehyde-4-[(11B8,178)-
17-methoxy-17
(methoxymethyl)-3-oxoestra-
4, 9-dien-11-yl]-1-oxime
with a 11B-benzaldoxime

17a-acetoxy-11B-[4-(N,N-

dimethylamino)phenyl]-21-

methoxy-19-norpregna-4,9-
diene-3,20-dione

As agonists, SPRMs recruit more coactivators to
induce transcriptional activation (200). However,
SPRMs also compete with agonists and stimulate
more effective corepressors to induce antagonistic
effects (201). Most SPRMs have been developed
for clinical application, and they are a desirable
class of drugs due to their tissue selectivity and
minimal undesirable side effects (20). This section
introduces the chemistry and developmental his-
tory of the best-studied SPRMs in the context of
their pharmacodynamics and mechanisms of ac-
tion. Since poor oral bioavailability is increasingly
an issue in the drug discovery process, the phar-
macokinetics and metabolism of SPRMs is also
addressed.

Mifepristone

Chemistry and development. Mifepristone

(RU-486) is a  derivative of  19-nor-

testosterone with chemical name

2010s 2010s
2016s: 2017:
Repeated intermittent In clinical development
treatment
Ulipristal acetate S
(CDB-2914) Vilaprisan

17oc-acetoxy-11B-[4-N,N-
dimethylamino-phenyl]-19-
norpregna-4,9-diene-
3,20-dione

17B-Hydroxy-118-[4-
(methylsulfonyl)phenyl]-17 -
(1,1,2,2,2-pentafluoroethyl)

estra-4,9-dien-3-one

Figure 3. The chemistry and development of selective progesterone receptor modulators. Mifepristone was developed by the French company Roussel Uclaf S.A. It pos-
sesses antiprogesterone and antiglucocorticoid effects. Mifepristone has been approved by the FDA in February 2012 for Cushing’s syndrome. Asoprisnil was developing by
Schering AG and TAP Pharmaceutical Products. The clinical trial of asoprisnil was suspended in 2007 due to the association with adverse endometrial changes. The devel-
opment of ulipristal acetate began as CDB-2914 at the NIH and UPA has been approved in Canada and Europe for uterine fibroid treatment, as well as for EC in the United
States. Telapristone acetate was also first developed at the NIH in 2000 and is currently under license at Repros Therapeutics Inc. The clinical development of telapristone
acetate was suspended in 2009 due to liver toxicity, but studies have been restarted with lower doses. Vilaprisan is under development by Bayer HealthCare Pharmaceuticals.
It is currently under investigation in phase Il trials for long-term treatment of uterine fibroids.
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Mifepristone Agonist
Asoprisnil (@)
Ulipristal acetate

Mifepristone

Asoprisnil Antagonist
Ulipristal acetate (&)
Telapristone acetate

Vilaprisan

Transcriptional
activation

No transcriptional

activation
Co repressors

1

Nucleocytoplasmic shuttling of PR and co-regulators

Figure 4. Mechanism of action of SPRMs. SPRMs mediate their effects on target cells by binding with PRs at different degrees that in-
duces the recruitment of specific coactivators and corepressors following the modulation of the transcription of target genes.

113-(4-dimethylaminophenyl)-17-hydroxy-17«-
(1-propynyl) estra-4,9-dien-3-one (Fig. 3). The
key structural elements of mifepristone are the
4-dimethylaminophenyl group at the 11B-position
of the 19-nor-steroidal skeleton and 5 chiral
centers with the stereochemistry 8S, 11R, 138, 14S,
and 17S. The molecular formula of mifepristone
is C,;H,.NO,, with a molecular weight of 429 g/
mol. It has double bonds at the C4 (5) and C9 (10)
positions that exchange at the C11p and Cl7a
positions. The substituted radical at position C11
and C17 are crucial of powerful antiprogesterone
and antiglucocorticoid activities of mifepristone.

Initially following its discovery in 1980 mifepri-
stone was explored for antiglucocorticoid activities
(202). Later, in 1988, significant antiprogesterone
activity was observed; due to this property, in
2000 the US government approved mifepristone
coadministration with misoprostol for termination
of intrauterine pregnancy of fewer than 49 days
gestation (203).

Pharmacodynamics and mechanisms of action.
Mifepristone shows higher binding affinity (100%)
to the human PR than P4 (43%) and its metabolites
(monodemethylated ~ [21%],  didemethylated
[9%], alcoholic metabolites [15%]) in endome-
trial and myometrial samples (204). Mifepristone
also has a 4-fold higher binding affinity to the GR
compared to dexamethasone (204). In addition,
in vitro receptor binding studies demonstrated
that the binding affinities of mifepristone to PR
and GR were 5-fold and 2-fold higher than the
mifepristone metabolite metapristone (204-206).
Mifepristone has a weak binding affinity for the
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androgen receptor (AR) and no affinity for the ER
or MR in humans (207).

Mifepristone efficiently stimulates PR by
inducing PR dimerization (as A:A, B:B, or A:B),
which permits binding of the PR complex to the
progesterone response element (PRE) of DNA
(208, 209) (Fig. 4). These dimers have variable
effects: A:A dimers are functionally silent, A:B
dimers can activate transcription, and A:B dimers
markedly inhibit transcriptional activation in P4
responsive cells (210, 211). Furthermore, in the
presence of cAMP, mifepristone can convert both
A and B receptor isoforms from a translational
suppressor to activator (211).

Pharmacokinetics and metabolism. Mifepristone
is partially absorbed by the gut following oral ad-
ministration and is then subject to first-pass me-
tabolism (212). The bioavailability of mifepristone
at doses of 20 mg and 100 mg is 69% and 40%,
respectively. Peak plasma concentrations of 0.36
to 6.7 umol/L are achieved after 1 to 2 hours at
lower mifepristone doses of 2 to 25 mg (213-215).
The steady-state range of plasma concentrations
of 1 to 1.5, 1.6 to 2.6, and 2.2 to 3.1 umol/L were
observed after administration of 12.5, 25, and
50 mg of mifepristone for 4 days, with levels still
detectable up to 5 days (216). Mifepristone dosages
of 25 mg for 14 days and 50 mg for 4 days also
produced steady-state plasma concentrations of
about 1 pmol/L (212) and 2.9 umol/L (217). In the
healthy human subject, mifepristone administered
at doses ranging from 25 to 600 mg was still de-
tectable from a minimum of 4 days (218, 219) to
a maximum of 10 days (220). Mifepristone plasma
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concentrations were extended at 25 to 100 mg, with
a half-life over 72 hours (220). In uterine fibroid
patients, 12 to 15 hours following oral administra-
tion of 200 mg mifepristone, the concentration was
603 to 921 nmol/L in plasma, 195 to 344 pmol/g
in myometrial tissue, and 444 to 1040 pmol/g in
adipose tissue (216). However, the mono- and
di-demethylated metabolites were found at levels
5.2-, 3.1-, and 1.4-times higher in serum, myome-
trium, and adipose tissues, respectively, compared
to parent mifepristone (216).

Mifepristone demonstrates complex pharmaco-
kinetics at higher doses. Within the first 48 hours
after ingestion of 100 to 800 mg of mifepristone, no
difference was found in the plasma concentration ex-
cept at 2 hours (221). The disproportionality between
the higher doses and achieved plasma concentration
may arise due to its extensive metabolism. Similar
bioavailability was evaluated in a randomized 2-way
crossover study after intake of single doses of mifep-
ristone at 75 mg in capsule or tablet form (222).

Several pharmacokinetic studies examined
the metabolism of mifepristone and reported
its metabolites, namely metapristone (218, 223),
monodemethyl mifepristone, didemethyl mi-
fepristone, and  hydroxylated  mifepristone
(216,218-220, 224), were rapidly formed within 0.5
to 1 hour after oral administration. Metapristone is
the prominent metabolite and can easily be detected
at high concentrations in the human body after ab-
sorption from the intestine into hepatic circulation
(218,219, 225). The elimination half-life of oral mi-
fepristone was 12.6 to 26.0 hours and 19.8 to 33.1
hours at low doses (25-100 mg, respectively) and
37.6 to 50.9 hours and 40.9 to 124 hours at high
doses (200-600 mg, respectively) (219, 225). The
plasma concentrations of monodemethylated mi-
fepristone were similar to the parent compounds,
but didemethylated and hydroxylated mifepri-
stone were only around 25% of mifepristone and
monodemethylated mifepristone (225). Very sim-
ilar to mifepristone, these metabolites are bio-
logically and immunologically active and might
contribute to the antiprogestational (23-30%) and,
even more so, the antiglucocorticoid (47-61%)
properties of mifepristone (225). Cytochrome
P450 (CYP) isoform 3A4 is the main enzyme ac-
countable for the metabolism of mifepristone (226,
227). Recombinant CYP3A4 oxidizes mifepristone
to form monodemethylated, didemethylated, and
C-hydroxylated metabolites. When metabolized
by CYP3AS5, only the demethylated metabolite is
formed (228) (Fig. 5). Each metabolite may con-
tribute to the drug’s affinity at the PR of 9% to 21%
(212). The majority (83%) of mifepristone and its
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metabolites are eliminated via feces, with a very
small fraction (~8.8%) excreted through the kidney
over 6 to 7 days (229). The pharmacokinetic varia-
bility of mifepristone and its metabolites may differ
by tissue dissemination, genetic transformation,
and enzymatic polymorphisms among individuals.

Asoprisnil

Chemistry and development. Asoprisnil (J-867) is
a hydrophobic oxime, benzaldehyde-4-[(11p,17)-
17-methoxy-17  (methoxymethyl)-3-oxoestra-4,
9-dien-11-yl]-1-oxime belonging to the novel class
of 11B-benzaldoxime substituted steroidal SPRMs
(Fig. 3). Its molecular formula is C28H35NO4
and it has a molecular weight of 449.591 g/mol.
Asoprisnil was under investigation by Schering
AG (Wedding, Berlin, Germany) and TAP
Pharmaceutical Products (Lake Forest, Illinois) but
clinical development was discontinued in 2007
due to the observation of abnormal endometrial
changes in patients (230).

Pharmacodynamics and mechanisms of action.
Asoprisnil demonstrates a 3-fold greater binding
affinity to PR than P4 in the rabbit uterus. Its pri-
mary metabolite (demethylated asoprisnil, J912)
also exhibits high binding affinity to PR compared
to P4 (231). Mixed agonist and antagonist effects
have been demonstrated in an animal model by
large doses of both asoprisnil and its metabolite.

The ability for the asoprisnil-PR complex to re-
cruit corepressors suggests the complex is able to
form an antagonist conformation in addition to
the agonist conformation observed when the com-
plex recruits coactivators (232) (Fig. 4). The x-ray
structure confirmed that asoprisnil weakly recruits
the coactivators AIB1 (amplified in breast cancer
1) and SRC-1 but strongly recruits the corepressor
nuclear receptor corepressor (NCoR) (232). In the
rabbit uterine epithelium and in the guinea pig
uterus and vagina, asoprisnil and its metabolite
showed only partial agonist effect (231).

Pharmacokinetics and metabolism. The met-
abolic profile of asoprisnil has been studied in
mouse and guinea pig models as well as monkey
hepatocytes and human liver microsomes (233).
While some quantitative differences exist be-
tween each model system, all have shown a
qualitatively similar profile. J912, a product of
17p-O-demethylation, is the major CYP3A4-
dependent metabolite of asoprisnil (Fig. 5).
Asoprisnil and J912 are further conjugated with
glutathione (SG) to J912-SG and J1099-SG. These
compounds can be identified in large quantities
in rat and mouse bile, and in lesser amounts in
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Figure 5. Pharmacokinetics and metabolism of SPRMs. Oral administration of SPRMs is frequently absorbed in the gastrointestinal tract and transported directly to the

liver. All the SPRMs are primarily metabolized in the liver by cytochromes. Monodemethylated, didemethylated, and hydroxylated metabolites of mifepristone are produced
by demethylation and hydroxylation metabolic pathway. The asoprisnil metabolites are produced by 173-O-demethylation, which further conjugated with glutathione (SG).

Like mifepristone, telapristone acetate and ulipristal acetate UPA produce mono and didemethylated metabolites, as well as hydroxylated metabolite. It has been proposed
that vilaprisan undergoes reduction to produce hydroxyl derivatives, which further oxidate to produce various metabolites. All the SPRM metabolites are further catalyzed by

CYP3A4 and aldoketoreductases. The unabsorbed parent compounds and metabolites are eliminated via urine and feces.

human hepatocytes and monkey, mouse, and rat  substituted 17a-acetoxy analogue (Fig. 3). The
tissue (233) (Fig. 5). The plasma levels of asoprisnil ~ chemical name of this compound is 17a-acetoxy-
metabolite J912 are found to be 5-fold higher than  11B-[4-N,N-dimethylamino-phenyl]-19-
asoprisnil levels. However, the excretion half-life of ~ norpregna-4,9-diene-3,20-dione. The molecular
asoprisnil and J912 are similar, with mean values of ~ formulation is C30H37NO4, with a molecular
about 4 to 5 hours in animals and humans (233). weight of 475.629 g/mol. CDB-2914 was devel-

Asoprisnil’s metabolites exhibit different func-  oped by the Contraceptive Development Branch
tional activity depending on the presence or ab-  of the National Institute of Child Health and
sence of P4. J912 displayed partial androgenic, Human Development (NICHD) (235, 236) and li-
weak antiglucocorticoid, and no estrogenic effects ~ censed HRA-Pharma in 2006, and the compound
very comparable to asoprisnil and J1042 (231). The  was renamed as ulipristal acetate. Ulipristal ac-
antagonistic abilities in endometrial transforma-  etate was approved for EC by the European
tion in the rabbit were stronger for J912 compared ~ Medicines Agency (EMA) in May 2009 and by the

to asoprisnil or J1042 (234). United States Food and Drug Administration (US
FDA) in August 2010. In recent years, UPA has
Ulipristal acetate also been used for preoperative and intermittent

Chemstry and development. Unlike mifepri- treatment of moderate to severe uterine fibroids
stone, ulipristal acetate (UPA) (CDB-2914) is a  based on its effectiveness shown in phase III trials
derivative of 19-norprogesterone, with 11 B-aryl (237, 238).
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Pharmacodynamics and mechanism of action.
Ulipristal acetate has strong antagonistic and par-
tial agonistic effects at PR in humans (235). Once
this SPRM binds to PR, it reduces the binding
capacity of endogenous P4 to its receptor and
prevents PR-mediated DNA transcription (235)
(Fig. 4). Ulipristal acetate also increases the PR
isoform ratio of PR-A to PR-B by decreasing the
level of PR-B receptor and increasing PR-A expres-
sion. This has been shown to prevent P4-mediated
uterine fibroid growth in vitro models (239, 240).
Ulipristal acetate has minimal antiglucocorticoid
effects in rat and rabbit thymus gland (241) and has
a much lower antagonist activity on GR compared
to mifepristone (206). Additionally, this compound
has little action on the AR and no effect on E2 and
mineralocorticoid receptors (242).

Pharmacokinetic and metabolism. The pharma-
cokinetic profile of UPA was initially examined in
female rhesus monkeys (243). The oral and intra-
muscular bioavailability of UPA equivalents were
56% and 62%, respectively. The mean peak plasma
concentration was 192 + 64 ng/mL after 5 £ 1
hours (243). An incremental oral study examined
the pharmacokinetic profile of UPA at 10, 20, or
50 mg for 10 days in healthy females (244). After
administration of UPA, the peak plasma concen-
tration was reached within 1 hour, with a median
terminal half-life of 0.75 to 0.89 hours and a mean
plasma half-life of 38 to 49 hours (244). The max-
imum plasma concentration for UPA at 10, 20, and
50 mg was 42.2, 130.9, and 354.8 ng/mL after 1 day
and 63.7, 169.8, and 454.9 ng/mL after 10 days, re-
spectively. The plasma area under the curve (AUC)
values were 216.6, 602.8, and 1655.7 ng/h /mL on
day 10. Similar terminal and plasma half-life values
were obtained for the principle UPA metabolite
(244).

For a 30 mg dose of UPA, the assessed terminal
half-life was 32 hours, with a mean clearance of
76.8 L/hour. Ulipristal acetate was detected up to
5 days postadministration in the serum (235). In
doses from 1 to 200 mg of UPA, the plasma level
was 176 + 89 ng/mL after 1 hour of intake, with
an AUC of 556 + 260 ng.h/mL (235). The terminal
half-life was 32.4 + 6.3 hours after 30 mg of UPA,
with a mean oral clearance of 76.8 + 64.0 L/h (235).
There was linearity between the serum levels with
doses up to 50 mg but loss of dose-dependence at
100 and 200 mg, suggesting saturation of carrier
sites (235).

The metabolism of UPA is primarily mediated
by CYP3A4 in the liver with some CYP1A2 and
CYP2D6 involvement (205). Of the metabolites
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formed by this process, mono-N-demethylated
metabolite (PGL4002) is pharmacologically ac-
tive and has similar pharmacokinetic properties
to the parent compound (245), while di-N-
demethylated metabolites (PGL4004) are inac-
tive (205) (Fig. 5). Both of these metabolites have
76 and 59% cross-reactivity and function as pro-
gesterone antagonists by binding to PRs in vitro
(205). Radiochromatographic features of plasma
after 1 hour of ingestion of UPA showed that 58%
of UPA remains unchanged, with PGL4002 ac-
counting for 21% of metabolites and PGL4004 and
PGL4002 + 2H accounting for 8% of metabolites
(246). Mono-N-demethylated-UPA reaches a max-
imum plasma concentration of 9.0 ng/mL, with an
AUC value of 26.0 ng.h /mL (235, 243). Ulipristal
acetate is mainly eliminated in the feces (90%),
with less than 10% eliminated in the urine (247).

Telapristone acetate

Chemistry and development. Telapristone acetate
(CDB-4124) is a 21-substituted-19-nor-progestin
derivative with the chemical name 17a-acetoxy-
11B-[4-(N,N-dimethylamino)phenyl]-21-
methoxy-19-norpregna-4,9-diene-3,20-dione
(Fig. 3). Like UPA, telapristone acetate is also a
11B-aryl substituted steroidal SPRM. The molecular
formula is C31H39NOS5, and the compound has a
molecular weight of 505.655 g/mol. Telapristone
acetate was first developed by the Contraceptive
Development Branch of the NICHD in 2000 and
is currently under license at Repros Therapeutics
Inc. (The Woodlands, Houston, Texas). Data from
phase II clinical trials were published (248, 249),
but the development of this drug was stopped in
2009 due to hepatic toxicity. Investigations have
recently restarted with lower doses of telapristone
acetate. In 2013, a phase IIB trial of telapristone
acetate was assigned in ClinicalTrials.gov for the
treatment of breast cancer (NCT01800422).
Pharmacodynamics and mechanisms of action.
The binding affinity of telapristone acetate and
its monodemethylated metabolite to PR has been
evaluated in human and animal tissue and cells
and compared to mifepristone (205, 206). Both
telapristone acetate and its metabolite have the same
binding affinity as mifepristone to rabbit uterine PR,
but mifepristone showed a 3-fold higher binding af-
finity in recombinant human PR-A and PR-B (205,
206). In the T47D mammary cancer cell model,
telapristone acetate and its metabolite were 2- to
3-fold less effective than mifepristone in inducing
antagonist effects (Fig. 4). All compounds failed to
show any agonist activity in the same model (205,
206). A negligible antiglucocorticoid effect was
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demonstrated after the addition of telapristone ace-
tate and its metabolite to liver cancer cells (HepG2)
(205). Telapristone acetate also has low potency for
ER in MCF-7 breast cancer cells (205) and no binding
affinity for ER in an in vivo mammary cancer model
(250, 251). The A-ring aromatization of telapristone
acetate is undetectable in the aromatization of testos-
terone to E2 (205). Telapristone acetate has also been
shown to reduce progestin-driven PR recruitment
without altering PR sites on the genome (252) and
disturb the PRE reporter activity in the promoter re-
gion (253) of breast cancer cells (Fig. 4).

Pharmacokinetics and metabolism. A phase I/
IT clinical study was conducted in premenopausal
women with symptomatic leiomyoma and en-
dometriosis (248, 249) to evaluate the effect of 3
telapristone doses (12.5, 25, and 50 mg daily for 3
and 6 months) (248, 249). Telapristone was quickly
absorbed and reached peak levels within 0.5 to 2
hours, exhibiting a biphasic decline in concentra-
tion for all subjects (249). According to pharma-
cokinetic data from in vivo studies, telapristone
acetate is primarily changed by CYP3A4 and
CYP3A5 in the liver via demethylation to pro-
duce monode- and dide-methylated telapristone,
and hydroxylation to produce hydroxylated
telapristone (250) (Fig. 5). The formation of
monodemethylated and hydroxylated metabolites
is faster than the development of didemethylated
(205). Of the 3 metabolites, monode-methylated
telapristone exhibited similar antiprogesterone and
less antiglucocorticoid properties than the parent
compound in vitro (205, 206).

Alternates to systemic drug therapy for breast
cancer prevention are currently undergoing inves-
tigation due to the higher side effects with and low
adherence to oral medications used for prevention
of breast cancer (254, 255). Because prevention is
possible through exposure of only the breast to the
drug, transdermal approaches to drug administra-
tion have been explored with telapristone acetate.
Dermal permeation and retention of telapristone
acetate in the mammary gland as possible local
transdermal therapy for breast cancer preven-
tion has been evaluated in rat models (256). The
investigators delivered telapristone acetate via ei-
ther gel treatment, implant, oral administration,
or no treatment control. The mammary levels of
telapristone acetate were 7-fold higher in the gel-
treated group (1.5 mg/kg/day for 6 weeks) in the
axillary glands compared to inguinal glands or with
systemic treatment, and 26-fold higher than in the
implant group (2.5 mg/kg/day for 6 weeks) (256).
Additionally, 3- and 4-fold higher d-telapristone
levels were observed in the inguinal and axillary
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gland in the gel-treated group compared to the im-
plant group (256). Similar plasma concentrations
of telapristone were detected in both groups,
whereas d-telapristone was significantly higher
in the implant group than in the gel group (256).
An excellent axillary mammary concentration of
telapristone and its metabolite d-telapristone were
achieved by transdermal administration. This was
not shown to be specific to ER-rich tumors.

Vilaprisan

Chemistry and development. Vilaprisan (BAY
1002670) is a derivative of 17-hydroxy-17-
pentafluoroethyl-estra-4,9(10)-dien-11-aryl
with the molecular formulation C27H29F504S
and molecular weight 544.577 g/mol (Fig. 3).
Different chemical structure and metabolic excre-
tion pathways differentiates vilaprisan from other
SPRMs. Vilaprisan is under development by Bayer
HealthCare Pharmaceuticals, Berlin, Germany.
Vilaprisan first underwent assessment in 2017 and
is currently being examined in large phase III clin-
ical trials to examine the efficacy and safety for the
oral treatment of uterine fibroids (257).

Pharmacodynamics and mechanism of action.
Vilaprisan demonstrates strong selective binding
activity to PR, low binding activity to AR, and mod-
erate to weak binding activity to GR in preclinical
models (258) (Fig. 4). The compound exerts strong
antagonism activity at doses of 1 to 1.5 mg/kg/day
and fails to demonstrate any agonistic effect in vivo
models even at higher doses of 10 mg/kg/day (258).
Its antagonist effects are found to be 5 times and
10 times more potent compared to UPA and mi-
fepristone, respectively (258). The antagonist ac-
tivity was confirmed in 2 P4-dependent rat and
rabbit animal models through vilaprisan’s ability to
interrupt an ongoing early pregnancy through PR
blockade in the endometrium and subsequent en-
dometrial gland transformation (258).

Pharmacokinetics and metabolism. Pharmacoki-
netic effects of vilaprisan in humans were predicted
through a single-species scaling method (259). This
approach was extrapolated to humans on the basis of
body weight. The exposure efficacy during a 24-hour
dosing interval in rabbit and rat models was 126 pg x
h/L and 116 pg x h/L, respectively. Allowing for a 5%
free fraction in human, rabbit, and rat plasma, this
predicted efficacy was translated into a daily human
dose of 2.5 mg (259). A phase I pharmacokinetic
study was conducted in healthy postmenopausal
women after oral administration of vilaprisan at
doses 1, 5, 15, or 30 mg/day for 28 days (260) and
5 mg of radiolabeled vilaprisan for 12 days (261).
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Vilaprisan demonstrated approximately 60% oral bi-
oavailability (261). A dose-dependent pharmacoki-
netic profile was observed by increasing the plasma
concentration from 3.74 ug/L to 68.6 ug/L, respec-
tively (260). Vilaprisan did not exhibit any plasma
protein binding affinity. Maximum concentrations
were found between 1 and 2 hours, with a half-life
of 32 to 38 hours (260, 261). Vilaprisan is mainly
eliminated through hepatic metabolic pathways by
(1) oxidation at the steroid skeleton, (2) reduction
in the 3-ketomoiety, or (3) a combination of both
pathways (261) (Fig. 5). Vilaprisan administration
is associated with only a few minor metabolites
created through oxidation and reduction, not ex-
ceeding 10% of total drug-related compounds (261).
The alpha-hydroxy derivative M-4 is the primary re-
duction product, which further synthesizes various
oxidative metabolites. These oxidative metabolites
are catalyzed by CYP3A4, while the reductive
metabolites are catalyzed by aldoketoreductases
(261). Therefore, the biological contribution of
vilaprisan can be assumed to occur mainly by the
parent compounds. In terms of excretion, 12% of
metabolites were excreted by urine and 71% were
excreted by feces (261).

Progesterone receptor modulator-associated en-
dometrial changes

Early studies of SPRMs revealed endometrial
changes associated with SPRMs in endome-
trial tissues due to the antiprogestin actions of
the compounds on this tissue. In 2008, Mutter
et al first introduced the term “PAECs” (proges-
terone receptor modulator-associated endometrial
changes), which are defined by benign histological
changes of the endometrium in response to treat-
ment of PR modulators (262). This study examined
84 endometrial samples from women treated with
4 different PR modulators (mifepristone, UPA,
JNJ 17072341, and asoprisnil). Distinct, noncan-
cerous endometrial changes were identified and
classified by a group of 7 experienced gynecologic
pathologists. Some endometrial samples showed
changes characteristic of the normal endometrial
cycle or other benign conditions but without detec-
tion of atypical hyperplasia. The common features
of endometria were identified as novel findings and
termed PAECs (262).

Features of PAECs include cystic glandular dil-
atation, inactive glands, and epithelial lining, with
low mitotic activity and increased apoptosis, and
rarely decidualized compact stroma (262-264).
The changes in the histological patterns of PAEC
differ from the normal physiological endome-
trium and do not resemble histological changes
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of endometrial hyperplasia (262, 263). Heart and
neural crest derivatives expressed 2 (HAND?2), a
PR-regulated gene in the stromal cells, mediates
the antiproliferative action of P4 to regulate en-
dometrial epithelial function (265). The HAND2
gene is found to be hypermethylated and silenced
in endometrial hyperplasia and cancer (266).
Kannan et al investigated if altered expression of
HAND?2 is associated with UPA or mifepristone-
induced PAECs. The investigators found that
mifepristone, but not UPA, induced suppres-
sion of HAND2 expression in human endome-
trial biopsies (263). Dysregulation of HAND2
has been linked to complex atypical endometrial
hyperplasia and cancer. These results suggest that
UPA does not alter the HAND2 pathway. In a re-
cent study, Berger et al partly explained PAEC
features through microarray gene expression
analysis (267). The authors found upregulation
of THY1 (Thy-1 cell surface antigen), ADAM1I2
(ADAM metallopeptidase domain 12), and TN-C
(tenascin C) after mifepristone treatment in endo-
metrium with PAECs compared to endometrium
without PAECs. This set of genes are involved in
the structural architecture of tissues (268-270).
This group also demonstrated that the prolifera-
tion marker Ki-67 was not affected and none of
the differentially regulated genes were involved in
the endometrial cancer-signaling pathway (267).
These results suggest that differentially expressed
genes are primarily involved in modifying tissue
architecture of endometrium without promoting
malignant transformation.

Molecular Mechanisms and Clinical
Efficacy of Selective Progesterone Receptor
Modulators in Progesterone-responsive
Reproductive Disorders

Each SPRM imparts its clinical effect through ac-
tion on various P4-dependent mediators (Fig. 6).
Involvement of multiple mediators allows SPRMs
to target disease through a variety of pathways that
result in decreased cell proliferation, angiogenesis,
ECM deposition and accumulation, and mechan-
ical signaling, in addition to increased apoptosis.
SPRMs often demonstrate a dose-dependent ef-
fect on objective signs of disease and are associated
with significant improvements in health-related
quality of life. This favorable clinical efficacy,
in combination with a low side-effect profile,
makes them an attractive option for the various
pathologic processes demonstrated in Fig. 6 and
discussed below.
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Figure 6. Molecular mechanisms of clinical efficacy of SPRMs in uterine fibroid, endometriosis, endometrial cancer, and breast cancer. SPRMs effectively inhibit the de-

velopment of various disease processes through the involvement of multiple mediators (black) that are implicated in various mechanisms of growth (blue). The growth of

uterine fibroids is inhibited by all 4 SPRMs (ulipristal acetate, mifepristone, telapristone, and asoprisnil). The mechanism of this effect is multifactorial, involving reduction

in cell proliferation, extracellular matrix deposition, angiogenesis, mechanical signaling, as well as induction of apoptosis. Mifepristone and ulipristal acetate may induce

an antiendometriosis effect through modulation of cell proliferation, apoptosis, and adhesion. Mifepristone also may induce inhibitory effects on endometrial cancer by

downregulation of cell proliferation and upregulation of apoptosis. Three SPRMs, including mifepristone, telapristone acetate, and ulipristal acetate, are thought to exert a

therapeutic effect on breast cancer, at least in part, by downregulation of cell proliferation, angiogenesis, and migration, as well as the induction of apoptosis.

Uterine fibroids

Mifepristone. Molecular mechanisms. Ishikawa
et al demonstrated that E2 plus P4-induced fi-
broid growth in a xenograft mice model but that
this process could be blocked by mifepristone
treatment (271). Mifepristone-induced fibroid re-
gression is partly mediated by the alteration of
cell growth and the suppression of TGF-f activity
(272), AKT levels (116), as well as expression of
proliferating cell nuclear antigen (PCNA) and the
antiapoptotic protein Bcl-2 (273). LAT2 is a Na+-
independent neutral amino acid transporter that

doi: 10.1210/endrev/bnaa012

functions as an oncogenic protein to promote gly-
colysis (274). In primary fibroid cells, P4 signifi-
cantly induced LAT2 mRNA levels, which were
blocked by cotreatment with mifepristone (122).
KLF11 is known as a tumor suppressor, expressed
at low levels in fibroid compared to myometrium
(127). P4 minimally downregulated KLF11 mRNA
levels but was robustly upregulated by mifepristone
(127), suggesting that KLF11 is one of the critical
regulators of mifepristone-mediated fibroid re-
gression. Recently, Engman et al reported that
GSTM1 (glutathione-s transferase mu 1), an en-
zyme that catalyzes the conjugation of glutathione
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to activated carcinogens, appeared to be correlated
with mifepristone-induced fibroid regression
(275). P4 agonist R5020 was found to increase
ECM components collagen1Al, fibronectin,
versican, and dermatopontin production in human
fibroid cells, whereas mifepristone decreased pro-
tein production of these genes (276). Collectively,
these results suggest that mifepristone mediates fi-
broid regression by alteration of genes involved in
cell proliferation and fibrosis (Fig. 6).

Clinical efficacy. Several clinical trials of mifepri-
stone at an ultra-low dose (2.5 mg) to a high dose
(50 mg) for a 3- to 12-month treatment period has
been studied in women with symptomatic fibroids
(123-126, 277-286). Mifepristone appears to be
well tolerated by phase I-III studies (Table 1). Here
we discuss some major placebo-controlled, double
blind, randomized studies.

Phase 1. A prospective randomized placebo-
controlled trial (NCT00579475) was designed to
evaluate the effect of mifepristone at a high dose
(50 mg) on uterine blood flow, fibroid size, and
endometrial status (125). A total of 30 women
with symptomatic uterine fibroids were given mi-
fepristone (50 mg) or placebo daily for 3 months.
A complete lack of vaginal bleeding was observed in
86% of women during the second month of mifep-
ristone treatment and in close to 100% during the
third month of mifepristone treatment, compared
with no significant changes in the placebo group
(125). The percentage of total fibroid volume was
decreased by 28% in the mifepristone-treated group,
compared with placebo (6%). Mifepristone treat-
ment increased hemoglobin levels and decreased
serum E2 levels in the mifepristone-treated group,
while P4 levels were decreased in both groups.
No significant changes were observed in the liver
transferase enzyme profile (except for one patient
in the mifepristone-treated group). Endometrial
biopsies showed no evidence of hyperplasia or ma-
lignancy. Nonphysiological appearances or cccc
in 7 of 8 cases of the mifepristone-treated group,
compared to placebo (4 of 11). Cystic glandular
dilatation was significantly more frequent (5 of 8
cases) in the mifepristone-treated group compared
to 1 of 11 placebo cases (125).

Phase II. A comparatively low dose (10 mg) of mi-
fepristone was studied for 3 months in 40 women
with symptomatic fibroids, compared to placebo
(124). After the treatment period, the rates of amen-
orrhea were reduced to 84.2% in the mifepristone-
treated group versus none in the placebo group. The
complete relief of dysmenorrhea occurred in 80%
of women with mifepristone treatment but only

Islam et al Mechanisms and Clinical Efficacy of SPRMs.

33% of patients were relieved of pelvic pain. The
uterine and fibroid volume was reduced by 26% to
30% in the mifepristone-treated group, as compared
to none in the placebo group. Hemoglobin levels
were increased in the mifepristone-treated group
but decreased in the placebo group. All other bio-
chemical parameters such as serum bilirubin, serum
glutamic oxaloacetic transaminase, serum glutamic
pyruvic transaminase, alkaline phosphatase, blood
urea, and serum creatinine were in the normal range
in both treatment groups. No side effects, such as
nausea, vomiting, fatigue, diarrhea, headache, weak-
ness, hot flushes, and loss of libido, were reported
in either treatment group. Endometrial hyperplasia
without atypia was observed in 63.1% of women
compared to none in the placebo group (124).

Vaginal administration of mifepristone at a dose of
10 mg for 3 months has been studied in a prospective,
open-label, phase II clinical trial (NCT00881140) at 2
tertiary centers as a treatment for women with symp-
tomatic uterine fibroids (n = 33) (287). Mifepristone
treatment induced amenorrhea in 44.8% of women by
the end of treatment. The symptom severity of uterine
fibroids was assessed with the score of the Uterine
Fibroid Symptoms Quality of Life Questionnaire
(UFS-QoL). The UFS-QoL score was significantly
reduced from 20.7 to 14.0 after 3 months of mifepri-
stone treatment. Mifepristone treatment was also as-
sociated with reduction of fibroid volume from 135 cc
to 101.2 cc. No significant differences were observed in
the blood hemoglobin values, serum creatinine, liver
transferase enzymes, or lipid levels after mifepristone
treatment. Mifepristone treatment induced adverse
events such as hot flushes by 10.3%, nausea by 6.9%,
feeling of weakness by 6.9%, abdominal pain by 24.1%,
and vaginal discharge by 20.7%. Similar to other
studies, endometrial biopsies showed no evidence of
endometrial hyperplasia or cellular atypia (287).

The efficacy, safety, and quality of life of a
single (5 mg) dose of mifepristone for 3 months
have been studied in women with uterine fibroids,
compared to placebo (126). This study (126), in-
cluded 124 women with symptomatic uterine
fibroids. After the treatment period, amenorrhea
rates were reported in 93.1% women with mifep-
ristone treatment, compared to placebo (4.3%).
Fibroid volume was reduced by 28.5% in the
mifepristone-treated group, compared with an in-
crease of 1.8% in the placebo group (126). E2 levels
were not greatly varied between the placebo and
mifepristone groups. Hot flashes were reported
by 24.1% and 8.5% women in the mifepristone-
treated and placebo group, respectively. In ad-
dition, the prevalence of nausea and fatigue was
very low but significant differences were observed
between these 2 groups. PAECs were reported in
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24.5% of women in the mifepristone-treated group,
compared to 2.4% with placebo (126).

The long-term efficacy and safety of 5 mg and
10 mg doses of mifepristone for 6 months, and
post-treatment evolution over 12 months, have
been studied through a randomized double-blind
clinical trial (280). This study included 176 women
with symptomatic uterine fibroids who were
randomized to receive 5 mg or 10 mg mifepristone
daily for 6 months. At the end of the treatment pe-
riod, amenorrhea rates were observed in 90.2% and
94.8% women with 5 mg and 10 mg mifepristone,
respectively. Mifepristone treatment reduced fi-
broid volume by 48.1% and 39.1% with 5 mg and
10 mg, respectively. After 6 months of treatment,
hepatic transaminases were elevated in 7.3% and
5.1% patients in the 5 mg and 10 mg groups, re-
spectively. Adverse events were reported by 9.8%
and 20.5% of women experiencing hot flashes, 3.7%
experiencing nausea, 3.8% experiencing vomiting,
and 8.5% and 12.8% experiencing fatigue with a
mifepristone dose of 5 mg and 10 mg, respectively
or in either dose or both. After 3 months of treat-
ment, PAECs were reported by 26.8% and 42.9%
of women in the 5 mg and 10 mg treated groups,
respectively (280).

Phase 1II. A placebo-controlled study (NCTO00-
133705) evaluated the effect of low-dose (5 mg)
mifepristone on quality of life, pain, bleeding, and
uterine size in women with symptomatic uterine
fibroids (123). A total of 42 women with sympto-
matic fibroids were randomized to receive 5 mg
mifepristone or placebo daily for 26 weeks. This
study observed that amenorrhea occurred in 41%
of patients with an improvement of anemia rates.
The mean hemoglobin levels were increased in
the mifepristone-treated group and decreased in
the placebo group. Uterine size was reduced by an
average of 47% in the mifepristone-treated group
and increased by an average of 10% in the placebo
group. No endometrial hyperplasia was noted in
any participant (123).

Three months of mifepristone at an ultra-low
dose (2.5 mg) or low dose (5 mg) has been studied
with a 9-month follow-up period in women with
symptomatic uterine fibroids (NCT01786226)
(285). The rates of amenorrhea observed were
in 78.3% and 93.6% women in 2.5 mg and 5 mg
mifepristone-treated groups, respectively. After
3 months of the treatment period, fibroid volume
was decreased by 27.9% and 45.5%, with 2.5 mg and
5mg mifepristone, respectively. The improvement
in the quality of life was similar in both treatment

doi: 10.1210/endrev/bnaa012

groups. Adverse events were observed by 9.4% and
15.6% (hot flashes), 1.9% and 3.7% (nausea), 3.8%
and 2.7% (vomiting), and 1.9% and 3.7% (feeling
of fatigue) in the 2.5 mg and 5 mg mifepristone-
treated groups, respectively. Aspartate amino
transferase (ASAT) or alanine amino transferase
(ALAT) or both were increased in 12.7% and 6.6%
women with 2.5 mg and 5 mg mifepristone, respec-
tively. Endometrial biopsies showed no evidence of
endometrial hyperplasia (285).

Asoprisnil. Molecular mechanisms. Asoprisnil
has been shown to inhibit uterine fibroid cell
proliferation with and without growth factor in-
volvement (288). Specifically, asoprisnil inhibits
EGF-, IGF-I- and TGFB3-induced uterine fibroid
cell proliferation (289) (Fig. 6). Furthermore,
asoprisnil has been shown to downregulate
mRNA and protein expression of EGF, IGF-I, and
TGF-B3, as well as protein expression of pEGFR,
IGF-IRa, and pTGF-RII in leiomyoma cells (289).
Asoprisnil has also been shown to induce apop-
tosis in fibroid cells as measured by an increased
TUNEL (terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling)-positive rate,
cleaved caspase-3, and cleaved PARP expression
as well as decreased Bcl-2 protein expression
(288). Xu et al demonstrated that asoprisnil can
elicit endoplasmic reticulum stress-induced ap-
optosis in cultured fibroid cells through a variety
of mechanisms (290). The GADDI153 (DNA-
damage-inducible gene 153) transcription factor
plays a vital role in promoting asoprisnil-induced
apoptosis in cultured leiomyoma cells through
upregulating GADD34, TRB3 (tribbles-related
protein 3), Bax, and Bak, as well as downregulating
Bcl-2 protein levels (290). The basal levels of
ECM-remodeling enzymes EMMPRIN (ex-
tracellular matrix metalloproteinase inducer),
MMP (matrix metalloproteinase)-1, and MT1-
MMP (membrane type 1-MMP) proteins were
found to be decreased in fibroid cells compared
to myometrial cells, whereas TIMP (tissue in-
hibitor of MMP)-1, TIMP-2, and type I and type
III collagen protein were found to be increased
(291). Asoprisnil treatment reversed the pro-
tein contents of ECM-remodeling enzymes and
collagens in cultured leiomyoma cells (291).
Remarkably, asoprisnil did not affect cell pro-
liferation and apoptosis, expression of growth
factors and their receptors, or ECM-remodeling
enzymes and collagen contents in myometrial
cells (288, 289, 291). The cell type-specific effects
of asoprisnil may be due to the differential
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expression of PR-B in leiomyoma versus normal
myometrial cells (288).

Clinical efficacy. Phase II. To study the efficacy and
safety of asoprisnil in women with uterine fibroids,
a placebo-controlled trial (NCT00160459) was
conducted in the United States and Canada (292).
Atotal of 121 women with fibroids were randomized
to receive asoprisnil daily at 5 mg, 10 mg, and 25 mg
or placebo for 12 weeks. Asoprisnil treatment
suppressed uterine bleeding by 28%, 64%, and 83%
in women treated with 5 mg, 10 mg, and 25 mg, re-
spectively, compared to none in the placebo group.
The amenorrhea rates were reported by 16%, 36%,
and 70% at 5 mg, 10 mg, and 25 mg asoprisnil
doses, respectively, but by no patient in the placebo
group. After 12 weeks of asoprisnil treatment, the
median percentage of uterine volume was reduced
by 14%, 9%, and 17% at 5 mg, 10 mg, and 25 mg
doses of asoprisnil, respectively, with a slight in-
crease in the placebo group (1%). Fibroid volume
was reduced by 36% at 25 mg of asoprisnil treat-
ment, compared to placebo (4%). A significant
reduction was observed in bloating and in pelvic
pressure compared to placebo (292). Hemoglobin
levels were increased in the asoprisnil-treated
group and decreased in the placebo group. No sta-
tistically significant differences were observed in
E2 levels, N-telopeptide (a biomarker of bone re-
sorption), and cortisol concentrations compared
to placebo. Asoprisnil was appeared to be well
tolerated, and adverse events were mild or mod-
erate. Vasomotor symptoms were reported by
3%, 10%, and 8% at 5 mg, 10 mg, and 25 mg, re-
spectively, compared with 0 in the placebo group.
After 12 weeks of treatment, no adverse endome-
trial effects, such as hyperplasia or neoplasms were
detected. Nonphysiologic endometrial changes or
“PAECs” were detected in 43%, 58%, and 58% of
women administered 5 mg, 10 mg, and 25 mg of
asoprisnil, respectively (292) (Table 1).

Another phase II placebo-controlled trial
evaluated the effect of asoprisnil on uterine artery
blood flow, ovarian activity, and clinical symptoms
in women with symptomatic fibroids (293). A total
of 33 premenopausal patients were recruited and
administered asoprisnil at 10 mg or 25 mg or pla-
cebo for 12 weeks. Suppression of uterine bleeding
was experienced by 33% and 91% of women with
10 mg and 25 mg asoprisnil treatment, respectively,
compared with none of the women in the placebo
group. According to the UFS-QOL score, reduced
symptom severity was observed in both asoprisnil-
treated groups compared with placebo. The me-
dian percent change in largest fibroid volume with
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10 mg and 25 mg asoprisnil was a reduction of 0.4%
and 25.8%, respectively, compared with a small
increase in size seen in the placebo group (4.9%)
(293). No serious adverse events were observed
in asoprisnil-treated groups. The most common
adverse events were headache, nasopharyngitis,
nausea, back pain, perioperative complications,
and abdominal pain that were experienced by at
least 4 patients in any treatment groups (293).

Phase III. Recently, Stewart et al performed a
pooled analysis from two 12-month, placebo-
controlled, randomized trials (NCT00152269,
NCT00160381) (294). In these trials, asoprisnil
was given at 10 mg, 25 mg, or placebo daily for
12 months in women with heavy menstrual
bleeding associated with uterine fibroids. The
authors found a significantly higher number of
amenorrheic patients in the 10-mg group (66—
78%) and in the 25-mg group (83-93%), compared
to placebo (3-12%). Fibroid and uterine sizes were
also significantly decreased by 48% and 28% with
10 mg and 63% and 39% with 25 mg asoprisnil
dose, compared with increased 16% and 13% in the
placebo group. Hemoglobin levels were increased
and significant improvements in HRQL (health-
related quality of life) were observed with asoprisnil
treatment. Endometrial biopsies showed signif-
icant changes in endometrial thickness (~2 mm
increase) at 12 months of asoprisnil treatment.
SPRM-specific categories (“nonphysiologic secre-
tory effect” and “secretory pattern, mixed type”

were significantly increased with asoprisnil treat-
ment at 6 (8%) and 12 months (19%) compared to
placebo (1-4%). Two adverse endometrial findings
were observed: complex hyperplasia without atypia
after 6 months at 10 mg, and 1 low-grade endo-
metrial adenosarcoma after 9 months at 25 mg of
asoprisnil treatment. The adenosarcoma was focal,
and interpreted by the investigators as possibly pre-
existing. Nevertheless, the finding suggested that
uninterrupted treatment may pose safety concerns,
“because of unknown long-term endometrial
effects” (294). A small increase in the rate of vas-
omotor symptoms was also observed, which could
be attributed to the reduction in E2 levels (294).

Ulipristal acetate. Molecular mechanisms. Ulip-
ristal acetate exerts antiproliferative, proapoptotic,
antiangiogenic, and antifibrotic effects in uterine
fibroid cells in a cell-type specific manner (240,
295) (Fig. 6). Ulipristal acetate inhibited cell pro-
liferation and induced apoptosis, evidenced by
the decreased expression of PCNA and Bcl-2
protein as well as increased expression of cleaved
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caspase-3 and cleaved PARP in cultured fibroid
cells, compared to untreated controls (295). The
proapoptotic effects were further confirmed
through an increased TUNEL-positive rate in cul-
tured fibroid cells (295). The antiangiogenic effects
of UPA were demonstrated by decreased VEGF-A
and VEGF-B, their receptors VEGFR-1, VEGFR-2,
as well as adrenomedullin protein contents in cul-
tured leiomyoma cells (239, 296) but not in normal
myometrial cells (239). Notably, UPA treatment
increased PR-A and decreased PR-B in cultured
leiomyoma cells without significant changes in
normal myometrial cells, compared to their un-
treated control groups (239). The antifibrotic effects
of UPA in fibroid cells have been demonstrated
by several groups. Ulipristal acetate significantly
increases EMMPRIN, MMP-1, and MMP-8 pro-
tein and MMP-1, MMP-2, MMP-3, and MMP-9
mRNA levels, while decreasing mRNA and protein
levels of TIMP-1 and TIMP-2, as well as type I and
type III collagen in cultured fibroid cells, without
comparable effects in normal myometrial cells
(297). Ulipristal acetate can also block profibrotic
growth factor activin-A-induced mRNA expres-
sion of fibronectin in myometrial and leiomyoma
cultured cells (296). Courtoy et al reported that
UPA reduced ECM volume and increased MMP-2
expression in women with symptomatic fibroids
compared to untreated groups (298). In a later
study, they reported that the reduction of fibroid
volume after UPA treatment was correlated with
an increase in MMP-1 and MMP-2 activity as well
as a decrease in TIMP-1 activity (299). A placebo-
controlled study also showed that amounts of
versican, fibronectin, and MMP-9 were reduced
while MMP-2 was increased in response to UPA
treatment in fibroid surgical specimens compared
to placebo groups (300).

Basal mRNA levels of TGF-f3 and TGFR2 are
reported to be elevated in normal fibroid compared
to myometrium (301). Ulipristal acetate signif-
icantly reduced protein levels of active TGF-B3,
p-TGFR2, pSmad2, and pSmad3 as well as ECM
collagen 1, fibronectin, and versican in fibroids
(301). Notably, there was a statistically signifi-
cant increase of the ECM protein fibrillin in fi-
broid treated with UPA (301). Furthermore, UPA
was shown to decrease serum and tumor tissue
concentrations of TGF-B3 in patients with uterine
fibroids (302).

Mechanical signaling of uterine fibroids may
be affected by UPA treatment. Compared with
untreated fibroids, integrin subunit beta 4 tran-
script levels were reduced by UPA treatment (303).
A-kinase anchoring protein 13 (AKAP13) was
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found to augment P4 signaling in uterine fibroid
cells (304), while UPA effectively decrease protein
expression levels of AKAP13 and PR in fibroids
compared to placebo-treated tissues (304). Nuclear
factor of activated T-cells (NFAT5) is known as an
osmoadaptive transcription factor that maintains
fluid equilibrium in cells by regulating osmolyte
transporters Aldo-keto reductase family 1 member
B1 (AKR1B1) and solute carrier family 5 member 3
(SLC5A3). Uterine fibroids demonstrate increased
NFAT5 mRNA levels compared to myometrium
from placebo subjects (305). Ulipristal acetate
decreased expression levels of NFAT5 protein,
solute transporters AKR1B1 and SLC5A3, and
caused an associated decline in the expression of
proteoglycans, versican, aggrecan, and brevican
in fibroids tissue and fibroid cells grown in 3-di-
mensional cultures, compared to untreated groups
(305).

Clinical efficacy. Several clinical trials indicate
that UPA is well tolerated and effective in reducing
fibroid size (238, 306). Ulipristal acetate treat-
ment reduced fibroid-associated symptoms and
improved quality of life (237, 307). Some studies
reported adverse events, including hot flashes,
headache and pain, discomfort, or tenderness in
the breasts, nasopharyngitis and abdominal pain
(237, 238, 306, 308). PAECs were reported occa-
sionally as well, but not endometrial hyperplasia
(103, 238, 306, 308, 309). No concerns were in-
itially raised for safety regarding liver function
(238, 310) (Table 1).

Phase II. In a randomized placebo-controlled trial
(NCT00290251), UPA was given to premenopausal
women with symptomatic fibroids (n = 18) at 10 mg
or 20 mg daily for 90 to 120 days (311). Fibroid
volume was reduced by 36% and 21%, with 10 mg
and 20 mg UPA, respectively, compared to placebo
(6%). Hemoglobin was unchanged, but median E2
levels were greater in all groups. Ulipristal acetate
also improved scores on the uterine leiomyoma
symptom quality-of-life subscale. Endometrial
cystic hyperplasia was observed in one woman
without evidence of atypia (311).

Previously, Chabbert-Buffet et al also reported
similar findings in a study of UPA given to 46
women at 2.5 mg, 5 mg, or 10 mg daily for 84 days
(312). Amenorrhea was reported in 81% and 90%
of women with 5 mg and 10 mg, respectively. E2
levels remained in the normal range. At the end
of the treatment period, endometrial hyperplasia
was not detected in UPA-treated groups (312).
Another phase IIB study evaluated the efficacy and
tolerability of UPA in premenopausal women with

https://academic.oup.com/edrv

27


https://doi.org/10.1210/endrev/bnaa012

28

symptomatic uterine fibroids (313). Ulipristal ace-
tate was given at 10 mg or 20 mg or placebo for 12
weeks. Total fibroid volume increased by 7% in the
placebo group but decreased by 17% and 24% with
10 mg and 20 mg UPA, respectively. Amenorrhea
was observed in 20/26 (77%) women treated with
UPA but in none of the women in the placebo
group. In this study, UPA was associated with an
improvement in hemoglobin levels but had no ef-
fect on E2 levels. Cystic glandular dilatation, simple
hyperplasia, or complex hyperplasia without cel-
lular atypia or endometrial intraepithelial neo-
plasia was detected in 4/33 women treated with
UPA (313). These small studies suggest that UPA
was well tolerated, with no serious adverse events.
Phase III. Several phase III studies of UPA for
women with symptomatic fibroids have been re-
ported. These include PEARL I (NCT00755755)
(103), PEARL II (NCT00740831) (306), PEARL
III (NCTO01156857) and PEARL III extension
(NCT01252069) (238), PEARLIV (NCT01629563)
(237), PREMYA (NCT01635452) (307),
VENUS I (NCT02147197) (309), and VENUS II
(NCT02147158) (308).

In the PEARL I trial (NCT00755755), women
with symptomatic fibroids and heavy uterine
bleeding were given UPA at 5 mg (n = 96) or
10 mg (n = 98) or placebo (n = 48) daily for up to
13 weeks (103). Uterine bleeding was controlled
in 91% and 92% of the women with 5 mg and
10 mg UPA, respectively, compared to the pla-
cebo group (19%). UPA treatment-induced
amenorrhea was seen in 73%, and 82% of women
with 5 mg and 10 mg, respectively, compared to
placebo (6%). After 13 weeks, fibroid volume was
decreased by 21% and 12% in 5 mg and 10 mg
UPA-treated groups, respectively, but increased
by 3% in the placebo group. The reduction in
the uterine volume was achieved by 25% in both
UPA-treated groups. Higher levels of hemo-
globin and hematocrit levels were observed in
both UPA-treated groups compared to placebo.
The levels of glucose, estradiol, corticotropin,
or prolactin were not consistently different be-
tween the UPA-treated groups and the placebo
group. Adverse events, including headache and
pain, discomfort, or tenderness in the breasts
did not occur at a significantly higher frequency
in the UPA-treated groups than in the placebo
group. The incidence of hot flashes was low
(<3%) in all 3 groups. PAECs were observed in
62%, 57%, and 6% of women with 5 mg, 10 mg,
and placebo, respectively, but these changes were
disappeared after 6 months of post-treatment
period (103).
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In the PEARL II trial (NCT00740831), 307
patients with symptomatic fibroids and heavy
uterine bleeding were randomly assigned to re-
ceive UPA daily at 5 mg or 10 mg or monthly intra-
muscular injections of leuprolide acetate (3.75 mg)
for 3 months (306). Ulipristal acetate at 5 mg and
10 mg controlled uterine bleeding in 90% and 98%
of women, respectively, while leuprolide acetate
controlled uterine bleeding in 89% of women. The
regression in the volume of the 3 largest fibroids was
observed in 36% and 42% of women with 5 mg and
10 mg UPA treatment, but UPA induced regression
in 53% of women. The reduction in the uterine
volume was lower in the UPA-treated groups
(20-22%) compared to groups receiving leuprolide
acetate (47%). The levels of corticotropin, thyro-
tropin, prolactin, or aminotransferase levels were
significantly changed in amongst groups. Hot
flashes (moderate to severe) were reported in 11%
and 10% of women treated with 5 mg and 10 mg of
UPA and in 40% of women treated with leuprolide
acetate. PAECs were observed in 58% and 59% of
women receiving 5 mg and 10 mg of UPA, respec-
tively, and in 12% of those receiving leuprolide ace-
tate. After the 6-month post-treatment period, the
presence of PAECs were low and at similar rates
between the 3 treatment groups (6-7%) (306).

In the PEARL III (NCT01156857) and PEARL
III extension (NCT01252069) trials, the effi-
cacy and safety of long-term UPA treatment was
investigated in 209 women with symptomatic
fibroids associated with heavy menstrual bleeding
(238). Women received repeated intermittent open-
label UPA treatment courses (10 mg daily) for up
to four 3-month intervals, immediately followed
by 10-days of randomized norethisterone acetate
(NETA) or placebo. Amenorrhea was reported in
79% (n = 164) of women after the first UPA course.
In the next 2, 3, and 4 UPA courses, the amenor-
rhea rates were 89% (n = 131), 88% (n = 119), and
90% (n = 107), respectively. The regression rates
in the volume of the 3 largest fibroids after UPA
treatment were 45.1% and 72.1% in the PEARL III
(after the first treatment course) and PEARL III ex-
tension study (after 4 treatment courses), respec-
tively. TEAEs were reported in 120 women (57.4%)
during the first course of UPA treatment, but
only 8 women (3.8%) experienced severe adverse
events. TEAEs occurring in >5% of women were
headache (16.3%), nasopharyngitis (6.7%), and
abdominal pain (5.3%). The results from physical
examination, vital signs, liver function, hormone
levels, ovarian ultrasound, or electrocardiograms
showed no evidence of safety concerns. PAECs
were reported in 18/171 (11%), 45/176 (26%), and
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22/87 (25%) women at the time of screening and
at approximately 6 weeks after the first and fourth
UPA courses, respectively. After 3 months post-
treatment, PAECs were reduced (3/15 biopsies)
(238).

In the PEARL IV trial (NCT01629563), a total
of 451 patients were recruited to investigate the ef-
ficacy and safety of repeated 12-week courses of
5 mg or 10 mg of UPA for intermittent treatment
of women with symptomatic fibroids associated
with heavy uterine bleeding (237). At the end of
the treatment course, amenorrhea was observed in
62% and 73% women with 5 mg and 10 mg UPA,
respectively. The median reductions in fibroid
volume from baseline were 38% and 38% after
the first course of treatment, and 54% and 58%
after the second course of treatment with 5 mg
and 10 mg of UPA, respectively. Pain improved
in both treatment groups. The median visual ana-
logue scale pain scores were reduced from baseline
values of 39.5 and 43.0 to 6.0 and 6.0 with 5 mg and
10 mg of UPA treatment, respectively. Quality of
life was severely impaired at baseline but was sub-
stantially improved at the end of both treatment
courses for treatment groups. No evidence of safety
issues were observed among physical examination,
vital signs, laboratory safety tests, ovarian ultra-
sound, or electrocardiograms. Adverse events were
reported in 44% of women after the first treatment
courses, and in 27% and 30% of women after 5 mg
and 10 mg UPA treatment, respectively. Headaches
and hot flashes were the most frequently re-
ported adverse events but occurred in <10% of
women. PAECs were reported in 17 biopsies (8%)
at screening in each treatment group. After the
second course of treatment, PAECs were observed
in 29 (16%) and 35 biopsies (19%) with 5 mg and
10 mg UPA treatment, respectively (237).

In the PREMYA trial (NCT01635452), the
safety, efficacy, and quality of life of patients taking
UPA have been studied in women with moderate
to severe symptoms of uterine fibroids (n = 1568)
in the preoperative setting within the European
Union (Germany, France, UK, Romania, Portugal,
Sweden, Poland, Hungary, Slovenia, and Austria)
(307). Ulipristal acetate was given at 5 mg once
daily for 3 months. Patients were followed during
3 months of UPA treatment and for another
12 months after treatment discontinuation. Only
38.8% of patients underwent surgery, of which
the majority were conservative or minimally inva-
sive. The Clinical Global Impression-Improvement
scale indicated that UPA treatment was associated
with improvement in 60% of patients at 3 months.
After treatment discontinuation pain and quality of
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life were remained lower than baseline during the
entire period of follow-up (307).

The VENUS 1 trial (NCT02147197) was
conducted to evaluate the efficacy and tolerability
of UPA for treatment women with symptomatic
uterine fibroids. A total of 157 women with ab-
normal uterine bleeding, and one or more discrete
fibroid were randomized to receive 5 mg or 10 mg
UPA, or placebo once daily for 12 weeks followed
by a 12-week drug-free follow-up (309). This is the
first US-based phase III study that included a large
proportion of black and obese (BMI > 30 kg/m2)
patients. Amenorrhea rates were reported at 47.2%
and 58.3% in the 5 mg and 10 mg UPA-treated
groups, respectively, compared to placebo (1.8%).
After 3 months of the treatment period, fibroid
volume was increased by 7.2% from baseline in
the placebo group (n = 41) and reduced by 9.6%
and 16.3% in the 5 mg (n = 39) and 10 mg (n = 33)
UPA-treated groups, respectively. At the end of fol-
low-up (12 weeks post-treatment), fibroid volume
was increased by 5.7% from baseline in the placebo
group (n = 31) and decreased by 2.3% and 17.4%
from baseline in the 5 mg (n = 36) and 10 mg
(n = 30) UPA-treated groups, respectively. TEAEs
were reported by 43.4% and 54.2% with 5 mg and
10 mg UPA-treated groups, respectively, and were
28.6% in the placebo group. The most common
TEAEs (5% or greater in either UPA group
during treatment) were hot flashes, blood creatine
phosphokinase elevation, and hypertension. All
endometrial biopsies were benign. The proportion
of PAECs were similar for all treatment groups at
baseline and at the end of treatment: 5 mg UPA
(28.3 and 26.2%), 10 mg UPA (22.9 and 29.7%),
and placebo (23.6 and 13.6%), and decreased by
end of follow-up: 5 mg UPA (19.0%), 10 mg UPA
(12.1%), and placebo (7.1%) (309).

The VENUS II trial (NCT02147158) also
evaluated the efficacy and tolerability of UPA for
the treatment of symptomatic uterine fibroids
(308). A total of 432 women with fibroids and ab-
normal uterine bleeding received 5 mg or 10 mg of
UPA or placebo daily for two 12 weeks. Treatment
courses were separated by a drug-free interval of 2
menses and followed by a 12-week drug-free fol-
low-up period. This trial was conducted at 51 re-
search centers in the United States and 2 in Canada.
After the first course of treatment, amenorrhea was
reported by 42.0% and 54.8% of women with 5 mg
and 10 mg UPA, respectively, compared to placebo
(0.0%), suggesting that both 5 mg and 10 mg were
superior to placebo. The percent change from base-
line in fibroid volume was reduced by 11.9% and
13.5% with 5 mg and 10 mg UPA, respectively, and
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increased by 5.8% with placebo. Fibroid volume was
further reduced with UPA after the second course
of UPA treatment. At the end of the first course of
treatment, TEAEs were reported by 46.6%, 43.2%,
and 41.4% of women receiving 5 mg UPA, 10 mg
UPA, and placebo, respectively. The common
TEAEs (5% or greater of patients in any treatment
group) were hot flashes, headache, fatigue, and
nausea; however, only hot flashes occurred more
frequently in both UPA groups compared to pla-
cebo. During the second course of treatment, head-
ache was the only adverse event reported by 5% or
greater of patients in any treatment group. PAECs
were similar among treatment groups at baseline
and after each treatment course (308).

Phase 1V. Several phase IV clinical trials have
been listed in ClinicalTrials.gov but their results
have not yet been published. An interventional,
randomized trial (NCT02361879) evaluated the
efficacy of UPA versus leuprolide acetate treat-
ment before hysteroscopic resection of uterine
fibroids. Women with symptomatic submu-
cosal leiomyomas received UPA at 5 mg daily for
3 months or leuprolide acetate at 11.25 mg during
the luteal phase of the menstrual cycle. The pri-
mary outcome measure of the trial was to com-
pare the proportion of controlled uterine bleeding
by pictorial blood assessment chart (PBAC)
(314). The estimated completion date of this trial
was September 2017. Another interventional,
randomized trial (NCT02357563) compared the
proportion of restored uterine cavity 1 year after
UPA or leuprolide acetate treatment in patients
with submucosal uterine leiomyoma. Women re-
ceived UPA at 5 mg/day for 3 months or leuprolide
acetate at 11.25 mg the luteal phase of the men-
strual cycle. This study was expected to finish in
September 2017. A double-blind, randomized,
controlled trial (NCT02288130) investigated if
UPA was as effective as GnRHa in terms of sur-
gical outcome. Women with symptomatic uterine
submucosal fibroids eligible for laparoscopic
myomectomy were given UPA at 5 mg/day for
3 months or leuprolide acetate at 11.25 mg in the
luteal phase of the menstrual cycle. The primary
outcome was to assess intraoperative blood loss
during laparoscopic myomectomy. This trial was
expected to finish in November 2017. An open-
label study (NCT02601196) has been designed to
study in vitro fertilization (IVF) outcome following
treatment with UPA for women with a myomatous
uterus after at least one IVF failure. Ulipristal ace-
tate was given at 5 mg/day for 3 months to women
with fibroids and at least 1 failure in IVF treatment.
This study was expected to finish in January 2018.
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A Chinese population-based study (NCT02825719)
is evaluating the effect and safety of UPA in con-
trolling uterine bleeding (evaluated by PBAC) in
Chinese women using 5 mg of UPA daily for 12
weeks before surgery. This trial is expected to finish
in December 2019. An interventional, randomized,
parallel assignment study is evaluating the effec-
tiveness of UPA versus an aromatase inhibitor plus
a GnRH analog in controlling uterine size and ab-
normal uterine bleeding for women with sympto-
matic fibroids (NCT03421639). The selected dose
for UPA is 5 mg/day for 3 months, and aromatase
inhibitor plus GnRH analog is 1 mg/day of anastro-
zole plus 3.6 mg/monthly for 3 months. This trial is
expected to finish in February 2020. The results of
these studies will further augment the clinical evi-
dence for this SPRM.

Telapristone acetate. Molecular mechanisms.
The effect of telapristone acetate on uterine fi-
broid cell proliferation and apoptosis has been
variable. Luo et al reported that telapristone ac-
etate can significantly decrease cell prolifera-
tion, and induced apoptosis in uterine fibroid
cells, (315) (Fig. 6). Telapristone acetate signifi-
cantly upregulated levels of the apoptosis marker
cleaved PARP and the tumor suppressor KLF11
in leiomyoma cells. Interestingly, cell prolifera-
tion or apoptosis in myometrial cells was not af-
fected by telapristone treatment (315). A study by
Roeder et al reported that telapristone acetate was
not able to significantly induce apoptosis in cul-
tured fibroid cells, since c-CASP3 levels were not
elevated (316).

Clinical efficacy. A number trials, including
phase I (NCT01069094), phase II (NCT02811159,
NCT01739621, NCT02301897, NCT02323646,
NCT00882258, NCT01451424,andNCT01069094),
and phase III (NCT00737282, NCT00874302,
NCT00853567, NCT00683917, NCT00735553,
NCT00785356, NCT01069120,and NCT00702702)
of telapristone acetate have been listed in
ClinicalTrials.gov and examine the safety, pharmaco-
kinetics, and efficacy of telapristone for the long-term
treatment of uterine fibroids. The results from many
of the trials have not been published, and several of
the phase III clinical trials have been terminated or
withdrawn due to concerns for patient safety.

Phase I/II. In 30 women with symptomatic
uterine fibroids, Wiehle et al examined the ef-
fect of 3 doses of telapristone acetate (12.5, 25, or
50 mg) for 3 months on fibroid size and uterine
bleeding compared to either placebo or leuprolide
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acetate (3.75 mg). Telapristone acetate at 12.5, 25,
or 50 mg reduced fibroid size by 10.6%, 32.6%, and
40.3%, respectively, compared to leuprolide acetate
(32.6%) and placebo (10.6%) (249). The number
and intensity of uterine bleeding days were also
reduced by telapristone acetate, compared to pla-
cebo. After 3 months of treatment, the overall inci-
dence of TEAEs was lower among the telapristone
acetate-treated subjects compared to leuprolide ac-
etate and placebo (249) (Table 1).

Vilaprisan. Clinical efficacy. Phase 1. The men-
strual bleeding pattern in healthy women was
investigated through vilaprisan treatment at the
dose of 0.1, 0.5, 1, 2, and 5 mg daily for 12 weeks
(NCT01816815) (317). The number of bleeding
days was significantly decreased in the vilaprisan-
treated groups, compared with placebo, and max-
imal nonbleeding rates of 100% and 90.9% were
observed in 2 and 5 mg vilaprisan doses, respec-
tively. All women resumed menstruation within
52 days of vilaprisan discontinuation. Follicular
growth and E2 concentrations were not suppressed
in response to vilaprisan treatment. Changes in en-
dometrial thickness were not reported by the end
of vilaprisan treatment. In addition, no serious
TEAEs or study discontinuations due to adverse
events were reported (317) (Table 1).

The ovarian function in healthy young women
was investigated by vilaprisan treatment at doses
0.5, 1, 2, or 4 mg/day for 12 weeks (NCT02262663)
(318). This study demonstrated a pronounced ef-
fect of vilaprisan on ovarian activity. Utilizing the
Hoogland score for ovarian activity, the authors
observed ovulation inhibition in >80% of the
women receiving vilaprisan >1 mg/day. Through a
Bayesian approach, the authors concluded that ov-
ulation inhibition was estimated to increase from
37% in women receiving 0.5 mg/day vilaprisan
to 76%, 86%, and 88% in women receiving 1, 2,
and 4 mg/day, respectively. Amenorrhea occurred
in 75% of women at doses of vilaprisan >1 mg.
After the end of treatment, menstrual bleeding
resumed within 51 days for women, and ovula-
tion was observed in a high proportion of women
during the first (76%) and second (98%) follow-up
cycles. Vilaprisan treatment at doses >1 mg/
day decreased mean average E2 and mean max-
imum P4 concentrations, compared to pretreat-
ment values. After the end of vilaprisan treatment,
both E2 and P4 levels were returned to pretreat-
ment condition, suggesting a rapid resumption of
normal ovarian activity. Ovarian follicle growth
was not entirely suppressed during vilaprisan
treatment and thus is not a suspected cause of
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this hypoestrogenism. Serum FSH and LH levels
were reduced at vilaprisan dosages >1 mg/day
compared to pretreatment levels but returned
to pretreatment levels after the end of treatment.
The incidence of PAECs were increased in a dose-
dependent fashion, reaching values between 70%
and 95% after doses >1 mg vilaprisan, but most
changes disappeared after the first post-treatment
bleeding (318).

Phase 1I. A placebo-controlled trial (ASTEROID
1) (NCT02131662) was designed to study the safety
and efficacy of different vilaprisan doses in women
with uterine fibroids (319). A total of 300 women
diagnosed with at least one fibroid 3 to10 cm in di-
ameter received vilaprisan at doses 0.5 mg, 1.0 mg,
2.0 mg, or 4.0 mg or placebo daily for 12 weeks,
taking a 24-week follow-up. The complete absence
of bleeding or spotting was observed in 60% of
patients with vilaprisan dose 4.0 mg, and in 30%,
56%, and 54% of patients taking vilaprisan dose
0.5, 1.0, and 2.0 mg, respectively, compared with
1.7% in placebo groups. After 12 weeks, vilaprisan
at >1.0 mg induced amenorrhea (<2 mL/28 days)
in >83% of women compared with placebo (9%).
After treatment cessation, menstruation returned
to 75% of patients within 24 to 31 days in the
vilaprisan treatment groups. The reduction of me-
dian fibroid volume was 14.9% to 41.4% by the end
of vilaprisan treatment compared with the placebo
group (4.9%) (319). PAECs were reported in 33%
to 58% of women treated with vilaprisan compared
to 20.0% in the placebo group. In some patients,
liver transaminases were slightly elevated but were
mostly mild and were present in the vilaprisan and
placebo groups at similar levels. There was a trend
toward decreasing E2 levels with longer duration of
vilaprisan treatment, but levels essentially returned
to baseline at the end of treatment. FSH levels were
moderately decreased after 1 month of vilaprisan
treatment but returned to near baseline levels after
the end of treatment. At least 1 TEAE was reported
by 73.4% of patients. The most frequent TEAEs
were ovarian cyst (11.0%), headache (9.7%), and
hot flashes (9.3%). Adverse events were reported
similar in all vilaprisan and placebo groups. Three
women discontinued the trial due to TEAEs: 2
women were in the placebo group and 1 women in
the 0.5-mg vilaprisan group (319).

The other phase II study (ASTEROID2)
(NCT02465814) evaluated the efficacy and safety
of different treatment regimens with vilaprisan at
2 mg daily doses (12 weeks repeated cycles or 24
weeks continuous treatment) compared to both
placebo and UPA in patients with heavy bleeding
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associated with uterine fibroids (257). This study
used amenorrhea as the primary measure of effi-
cacy. The secondary measures included time to
normalized menstrual bleeding and percent change
in uterine fibroid volume, as well as endometrial
changes. This study was completed at the end of
2016, but the results have not been published yet.

Phase 1II. Vilaprisan is currently under in-
vestigation in phase III studies for long-term
treatment of uterine fibroids in the trials
ASTEROID4  (NCT03400956), ASTEROID5
(NCT03240523), ASTEROID6 (NCT03194646),
ASTEROID7 (NCT03699176), and ASTEROID8
(NCT03476928). These study programs have
been designed to evaluate the efficacy and safety
of vilaprisan at doses of 2 mg for 12 weeks or 24
weeks. Amenorrhea, the incidence of TEAEs, and
the percent change in bone mineral density (BMD)
of the lumbar spine will be assessed as primary
outcome measures. Secondary measures include
the number of bleeding days, heavy menstrual
bleeding (HMB) response, time to onset of amen-
orrhea, time to onset of controlled bleeding, ab-
sence of bleeding (spotting allowed), endometrial
histology, and endometrial thickness.

Clinical takeaway. The majority of studies
involving the efficacy of SPRMs for managing
uterine fibroids have been done with mifepristone,
the original SPRM, and ulipristal acetate, for its
higher selectivity. While early, small studies (123)
failed to demonstrate a reduction in fibroid volume
with mifepristone use, recent larger-powered
studies (280, 285) have demonstrated this benefit
at a 27.9% to 48.1% decrease in fibroid volume.
These studies have also shown significant reduc-
tion in bleeding and improvement in quality of life.
However, phase I1I trials showing significant rates of
amenorrhea (up to 93.6%) (285) and other adverse
events, including hot flushes, nausea, vomiting, and
fatigue have led to preferential analysis of alternate
SPRMs in further analyses (285). Ulipristal acetate
has significantly reduced binding and antagonist
potency at the glucocorticoid receptor compared
to mifepristone (206). Women treated with UPA in
the PEARL II study experienced controlled uterine
bleeding in >90% of women by week 13 (306), with
rates of amenorrhea that have been shown to occur
within the first 10 days of therapy (103). Women
treated with UPA also experienced a high reduc-
tion in fibroid volume of up to 21% (306). It is well
tolerated, with <5% of patients in the PEARL IV
study discontinuing treatment (237). While PAECs
were occasionally reported, no endometrial atypia
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was reported and PAECs were found to be revers-
ible after 1 to 2 months of treatment cessation
(237).

As the newest SPRM, vilaprisan use has been
demonstrated to induce amenorrhea in >83% of
women in phase II trials with a dose-dependent
reduction in fibroid volume of 14.9% to 41.4%
(319). Vilaprisan is currently being investigated in
multiple phase III studies for safety and efficacy of
long-term treatment for uterine fibroids.

Asoprisnil has demonstrated rates of amenor-
rhea and fibroid volume reduction at the highest
tested doses compared to mifepristone, but is no
longer a preferred option due to concerns for po-
tential adverse long-term endometrial effects
(294). While telapristone has been shown to reduce
fibroid size and number, as well as the intensity of
uterine bleeding days by selectively inhibiting fi-
broid cell proliferation (315), many phase III
clinical trials studying this compound have been
withdrawn due to concerns for patient safety.

Endometriosis

Mifepristone. Molecular mechanisms. Murphy
et al investigated the antiproliferative and
antiprogesterone effect of mifepristone on pri-
mary endometrial and endometriosis cells (320).
Mifepristone reduced cell growth as evidenced
by decreased in ’H-thymidine incorporation
of endometrial and endometriosis cells (320).
Mifepristone also inhibited ER and PR (321) as
well as P4-mediated induction of the PRE-TK
luciferase activity (320) (Fig. 6), suggesting that
the therapeutic effects of mifepristone on en-
dometriosis were partly mediated by alteration
of P4-PR induced transcriptional response. The
antiproliferative effect of mifepristone in endome-
trial cells was further demonstrated by Narvekar
et al (322). This group found decreased expression
of PR, increased expression of AR, and no change
of ER expression levels. Since androgens can act as
an antagonist of E2 action, enhanced AR expres-
sion induced by mifepristone could play a role in
its antiproliferative effects.

Clinical efficacy. Mifepristone-induced regres-
sion of endometriotic lesions has been variable
and appears to be dependent on the duration of
treatment (Table 1). Mifepristone failed to pro-
duce regression of endometriotic lesions in a ro-
dent model after 2 months (323) and in humans
after 3 months of treatment (324). However,
6 months of mifepristone treatment was asso-
ciated with less visible disease in women (325).
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A small prospective open-label trial suggested
possible efficacy for endometriosis-associated
pain (324). A phase II/III trial observed that
mifepristone was effective in symptomatic im-
provement but adverse events were reported in a
significant number of patients (326).

Phase I. Kettel and coworkers completed 3 small
clinical trials with low dose (5 mg) to high dose
(100 mg) mifepristone for a treatment period of
3 to 6 months in a total of 22 patients (324, 325,
327). In the first small prospective open trial, the
higher dose of mifepristone (100 mg/d or approx-
imately 2 mg/kg) for 3 months was studied in
patients with endometriosis (n = 6) (324). After
the end of the treatment period, pelvic pain was
improved in all 6 patients, but the regression of
endometriosis was not evident (324). In the next
trial, authors administered mifepristone daily at
50 mg for 6 months in women with pelvic pain
due to endometriosis (n = 9) (325). Mifepristone
treatment induced amenorrhea in all patients
and improved pelvic pain and uterine cramping.
Visible endometriosis was reduced by 55% with
mifepristone treatment. One patient experienced
elevated levels of liver transaminases during the
last month of treatment (325). In an uncontrolled
pilot study, mifepristone at a lower dose (5 mg)
was given daily to women with endometriosis for
6 months (n = 7) (327). Cyclic bleeding ceased in
all 7 patients, while pelvic pain was improved in 6
of 7 patients. No significant change was found in
mean endometriosis score at the end of treatment
(327), suggesting this dosage is too low to achieve
acceptable efficacy.

Phase II/1II. To study the effectiveness and safety
of mifepristone in women with the laparoscopic
diagnostic of endometriosis, a total of 360 patients
were enrolled and treated with mifepristone at 2.5,
5, or 10 mg daily for 6 months or daily placebo for
3 months (NCT02271958) (326). The changes in
prevalence and intensity of dysmenorrhea, the in-
cidence of hot flashes, nausea, vomiting, fatigue/
tiredness, elevated hepatic transaminases, and
histological alterations of the endometrium were
assessed. After 3 months of treatment, the preva-
lence of dysmenorrhea decreased to 10.2%, 1.1%,
and 1.1% with 2.5, 5, and 10 mg mifepristone treat-
ment, respectively, compared to placebo (39.3%).
Amenorrhea was reported in 78.7%, 97.8%, and
98.9% of patients with 2.5, 5, and 10 mg mifepri-
stone treatment, respectively, compared to placebo
(1.1%). Adverse events such as hot flashes, nausea,
vomiting, and fatigue/tiredness were reported
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in a significant number of patients, compared to
placebo groups, after 3 months of treatment. In
the mifepristone-treated groups, 3.4% of subjects
developed elevated hepatic transaminases up to
99 IU. PAECs were reported in 19.7%, 9.7%, and
13.0% of patients receiving 2.5, 5, and 10 mg mifep-
ristone treatment, respectively (326).

Asoprisnil. Clinical efficacy: phase II. The efficacy
and safety of asoprisnil in women with endome-
triosis has been studied by a double-blind trial
(NCT00160446) (328). Patients were randomized
to receive asoprisnil at 5 mg (n = 31), 10 mg
(n =33), 25 mg (n = 32), or placebo (n = 34) daily
for 12 weeks. After the end of the treatment pe-
riod, significant reductions in the average daily
combined pelvic pain/dysmenorrhea scores were
observed in asoprisnil-treated groups with all
3 asoprisnil doses, compared to placebo (328).
Asoprisnil also induced amenorrhea at rates of
50%, 71%, and 93% with 5, 10, and 25 mg, respec-
tively, compared with no change in the placebo
group. E2 serum concentrations were not affected
by asoprisnil treatment. No TEAEs (treatment-
emergent adverse effects) were observed during
treatment or follow-up period. (TEAEs are defined
by all adverse effects occurring after the first dose
of the treatment drug until the end of the study.)
Adverse events were evenly distributed among
treatment and placebo groups and were generally
mild and self-limiting (328) (Table 1).

Treatment of women with endometriosis with
asoprisnil at 0.5, 1.5, and 5 mg for 3 months dem-
onstrate that 5 mg was only the effective dose
for pain relief compared to placebo (20). Later,
asoprisnil was studied for the long-term safety in
women with endometriosis by an open-label ex-
tension trial (NCT00160420). Asoprisnil was given
at 5 mg daily for 12 months. This study included
the assessments of the endometrium, adverse
events, lipid profiles, and changes of laboratory
values and vital signs. The results of the study have
not yet been published.

Ulipristal acetate. Molecular mechanisms. The
antiendometriosis effect of UPA has been re-
ported in female Wistar albino rats (329) and
female C57BL/6 mice (330). Mechanistically,
UPA-induced regression of endometriotic lesions
in female Wistar albino rats was mediated by in-
duction of apoptosis (as revealed by a higher
positive rate of Bax and cytochrome C, while
a lower positive rate of Bcl-2), reduction of cell
proliferation (as indicated by a decrease in Ki-67
expression), and anti-inflammatory effect (as
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demonstrated by a decrease in COX-2 expres-
sion) (329). In an experimental endometriosis
model in female C57BL/6 mice, UPA significantly
decreased expression of proliferation marker
PCNA and increased expression of adhesion
molecules MMP-2 and integrin alpha V (ITGAV)
B3 (330). PLAU (plasminogen activator, uroki-
nase), HIF (hypoxia-inducible factor)-la and
VEGFA expression, peritoneal fluid PGE2 (pros-
taglandin E2) levels, and ERa and ERP expression
were not affected by UPA, while PR expression
was significantly lower in UPA-treated groups
(330). The above results suggest that the thera-
peutic effects of UPA are mediated by prolifera-
tion, apoptosis, and adhesion (Fig. 6).

Clinical efficacy: phase IV. An open-label, interven-
tional study (NCT02213081) has been launched to
investigate if UPA can decrease pain associated with
endometriosis. Part of the results from this trial has
been published (331). A 25-year-old nulligravida
with endometriosis-related pelvic pain refractory to
medical and surgical intervention was administered
15 mg UPA daily for 3 months. Ulipristal acetate
treatment substantially improved pain symptoms.
PAECs were detected after less than 3 months of
UPA treatment and resolved after cessation of
treatment and induction of withdrawal bleed (331)
(Table 1).

Telapristone acetate. Clinical efficacy: phase
II. To study the safety and effectiveness of
telapristone acetate at 25 mg (daily for 4 months)
for the treatment of premenopausal women
with symptomatic endometriosis, a randomized,
double-blind trial (NCT00958412) was listed
in ClinicalTrials.gov but was terminated due to
concerns for patient safety. Another randomized,
double-blind trial (NCT01728454) was listed in
ClinicalTrials.gov to evaluate the safety and effi-
cacy of telapristone acetate for the treatment of
premenopausal women with symptomatic endo-
metriosis. A total of 60 patients were recruited
and telapristone acetate was given at 6 or 12 mg
daily for 18 weeks. The primary outcome was to
determine the change in individual Biberoglu &
Behrman Symptom Severity (BBSS) pain scores
after telapristone acetate treatment. This study
has been completed, but the results are not yet
published. Another trial (NCT00556075) was
initiated to study the safety and efficacy of
telapristone acetate of 25 or 50 mg (daily for
4 months) for the treatment of premenopausal
women with symptomatic endometriosis but was
terminated due to safety concerns.
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Vilaprisan. Clinical efficacy: phase II. To study the
efficacy and safety of 2 different doses (2 and 4 mg)
of vilaprisan for 24 weeks in women with symp-
tomatic endometriosis, a placebo-controlled trial
(NCT03573336) has been listed in ClinicalTrials.
gov. Changes in the worst pain from baseline will
be measured. This study is expected to be finished
on August 17, 2022.

Clinical takeaway. Mifepristone has been shown to
be capable of inducing regression of endometriotic
lesions when administered over a period of months.
A 2017 Cochrane review indicated that it is associ-
ated with a 0.08 OR (0.04, 0.17) reduction in dys-
menorrhea and a 0.23 odds ratio (OR) (0.1, 0.51)
reduction in dyspareunia at 3 months compared
to placebo (332). It is associated with amenorrhea
in nearly 90% of women (332), with insufficient
evidence to show differences in rates of nausea,
vomiting, and fatigue. Of concern, a phase II/III trial
of 360 women has demonstrated as high as 3.4% of
patients receiving 3 months of daily mifepristone
have developed elevated hepatic transaminases
(326). Better quality evidence is required to best un-
derstand the efficacy, safety, and appropriate dosing
of this SPRM for management of endometriosis.

Data on asoprisnil and ulipristal acetate are
limited; while both asoprisnil and UPA have
demonstrated promise in their ability to re-
duce dysmenorrhea and pelvic pain, results
from additional studies are required to draw
any conclusions about their efficacy and poten-
tial adverse effects. Similarly, only a few trials
have begun assessing the safety and effectiveness
of telapristone and vilaprisan for treatment of
endometriosis.

Endometrial cancer

Mifepristone. Molecular mechanisms. In Ishikawa
cells, a well-differentiated endometrial adenocarci-
noma cell line, mifepristone-inhibited cell prolifer-
ation by arresting cell cycle progression at S phase
(333), induced apoptosis through activation of
caspase-3, and increased Bax (BCL2 associated X,
apoptosis regulator), and FASLG (Fas ligand) ex-
pression (333), demonstraing its antiproliferative
and apoptotic effects. The ability of mifepristone
to induce apoptosis and growth inhibition in 3
endometrial cancer cell lines (HEC-1A, KLE, and
RL95-2) was further explained by decreased ex-
pression of ER, PR, and GR (321, 334). In contrast,
other studies reported that mifepristone increased
expression of p53 and COX-2 (cyclooxygenase-2)
and decreased levels of Bcl-2 with no changes of
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ERa/B or PR-A/PR-B levels in HEC-1-A and/or
Ishikawa cells (335, 336) (Fig. 6). This suggests that
apoptosis may be due to p53 activation rather than
steroid receptor modulation.

Clinical efficacy: phase 1I. Mifepristone has
been studied for the treatment of PR-positive
advanced or recurrent endometrioid adeno-
carcinoma or low-grade endometrial stromal sar-
coma (NCT00505739) (337). Mifepristone was
given at 200 mg daily for 8 weeks to 2 years to
13 patients with low grade endometrial stromal
sarcoma (n = 2) and endometrioid adenocarci-
noma (n = 11). Mifepristone treatment induced
a stable disease rate of 25% that lasted from 8
weeks up to >77 weeks. No significant changes
were observed in quality of life (Table 1).
Adverse events were anorexia, fatigue, and mood
alterations observed in 50%, 50%, and 58% of
patients, respectively. Mifepristone was appeared
to be well tolerated, as no dose reductions and no
delays due to drug toxicity were observed during
the treatment period (337).

Clinical takeaway. Mifepristone has shown to be
unsuccessful in treating PR-positive advanced or
recurrent endometrioid adenocarcinoma or low-
grade endometrial stromal sarcoma. While a phase
II clinical trial showed a stable disease rate of 25%
(337), a later phase II clinical trial by the gyneco-
logic oncology group assessing the utility of mifep-
ristone in ovarian, peritoneal, and fallopian tube
cancers showed a partial response in only 1 of 22
study patients (338). Partial affinity of mifepristone
for steroid receptors may explain the limited effi-
cacy and significant toxicity in these clinical trials.

Breast cancer

Mifepristone. Molecular mechanisms. Mifepris-
tone induced cell growth inhibition by arresting
Gl phase and apoptosis by poly(ADP-ribose)
polymerase cleavage (PARP) and caspase acti-
vation in ER-expressing, antiestrogen-resistant
breast cancer cells (339). Mifepristone also in-
duced apoptosis in MDA-231 human breast
cancer cells (340, 341). The inhibition of cell
cycle progression in T-47D breast cancer cells by
mifepristone was accompanied by a marked de-
crease in c-myc expression (342) and induction
of p21 (343). Mifepristone selectively inhibited
the proliferation of the PR-positive breast cancer
MCEF-7 and T-47D cells but not MDA-MB-231
cells (344). WNT1 was identified as a novel me-
diator of the antiproliferative effects of mifepri-
stone in MCF-7 cells (344). HDLGS5 functions as
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a target of progestin in MCF-7 breast cancer cells.
Synthetic progestin medroxyprogesterone acetate
(MPA) induced a rapid and strong upregulation
of HDLG5 mRNA in MCF-7, T47D, and ZR-75-1
cells, which was further abrogated by mifepristone
treatment (345). KLF5 is known to exert functions
in promoting breast cell proliferation, survival,
and tumor growth (346, 347). Liu et al reported
that mifepristone can suppress the tumor growth
of triple-negative breast cancer cells and patient-
derived xenografts in NOD-SCID mice through
inhibiting KLF5 expression via induction of miR-
153 (348). In a human breast cancer xenograft
model, mifepristone induced tumor regression,
which was associated with a PR-A:PR-B ratio that
leads to recruitment of coregulators AIB1 or SMRT
to the Cyclin D1 and MYC promoters (349). The
angiogenic molecule VEGF mRNA and protein
expression were induced by P4 in cultured human
T47-D breast cancer cells (193), which was effec-
tively blocked by mifepristone treatment (350). The
blockage of progestin-induced VEGF by mifepri-
stone abolished the proliferation of endothelial and
tumor epithelial cells (351). Exposure of xenografts
to mifepristone induced growth inhibition of xeno-
graft progestin-dependent tumors. Tumor progres-
sion was dependent on expression of VEGF (352).
A systems pharmacology analysis presented that
mifepristone can prevent breast cancer cells from
migration and interfere with their adhesion to en-
dothelial cells, which were associated with the inhi-
bition of focal adhesion kinase (FAK), paxillin, and
the formation of FAK/Src/paxillin complex (353)
(Fig. 6).

Clinical efficacy: phase I. The effect of mifepristone
on cell proliferation in human breast tissue from
premenopausal women has been evaluated (354).
In a placebo-controlled trial, a total of 30 women
scheduled for surgical treatment of leiomyomas
were enrolled to receive 50 mg mifepristone or pla-
cebo daily for 3 months. The proliferation maker
Ki-67 index was found to be significantly reduced
in mifepristone-treated groups, compared with
placebo (354). The cortisol levels were not affected
by mifepristone treatment, whereas an increase in
serum testosterone was noted. The authors also
identified a reduction in breast symptoms, in-
cluding soreness and swelling, and an increase in
the incidence of hot fiashes increased (354). Of
note, the study was limited by the fact that inter-
pretable biopsies were only available from 19%
of the original study population. Furthermore,
as fine needle aspiration cannot distinguish be-
tween ductal and stromal tissue, further analysis
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is required to assess whether this antiproliferative
effect of mifepristone confers possible protection
against malignant versus benign tumors.

Recently, an open-label study has been listed in
ClinicalTrials.gov to study the effect of mifepristone
in breast cancer patients with higher levels of PR-A
than PR-B (NCT02651844). The changes in tumor
cell proliferation, apoptosis, downstream signaling
pathways of PR, tumor size, gene expression, and
serum mifepristone levels will be compared from
baseline to the time of surgery. This study is slated
to be completed in March 2020.

Phase II. The toxic effects and response rate of
mifepristone have been studied in women with
PR-positive recurrent breast cancer (355). A total of
28 patients were enrolled and given 200 mg mifepri-
stone daily. Throughout this treatment, disease was
reassessed every 4 weeks. Mifepristone produced
only 3 partial responses in all patients (response
rate 10.7%) (Table 1). Toxic effects of mifepristone
were generally mild to moderate and consisted
of nausea, lethargy, anorexia, and hot flashes
(355). Recently, another trial (NCT01898312) is
recruiting patients with mutations in the breast
cancer susceptibility genes BRCAI or BRCA2. The
primary outcome was to study epithelial cell prolif-
eration in breast tissue. This study is expected to be
completed in 2019.

Ulipristal acetate. Molecular mechanisms. In a
patient-derived breast cancer xenograft model, cell
proliferation was clearly reduced in the UPA treated
group compared to vehicle, as revealed by the sig-
nificant reduction in Ki-67, cyclin D1, and PCNA
expression (356). Apoptosis was also observed, as
demonstrated by an increase in activated PARP ex-
pression in response to UPA treatment (356).

Telapristone acetate. Molecular mechanisms.
Mammary carcinogenesis was inhibited by
telapristone acetate through the reduction of cell
proliferation and induction of apoptosis (251,
357) (Fig. 6). An extensive study by Wiehle et al
investigated the therapeutic effect of telapristone
acetate in an animal model as well as in human
T47D breast cancer cells (251). Telapristone ac-
etate prevented the development of sponta-
neous mammary hyperplastic and premalignant
lesions in Sprague-Dawley (Hsp: SD/BR) rats,
compared to untreated groups. Telapristone ac-
etate also suppressed N-methyl-N-nitrosourea
(MNU)-induced mammary carcinogenesis (251).
The anticarcinogenesis effect of telapristone in
MNU-induced mammary tumors was mediated
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by inhibiting cell proliferation and inducing ap-
optosis, which was correlated with a decreased
proportion of PR" tumor cells and with decreased
serum P4 but not E2. Treatment of T47D breast
cancer cells with telapristone acetate also inhibited
cell proliferation by inhibiting CDK2, CDK4, cell
cycle progression, and downregulation of ER and
PR signaling (251). Clare et al also reported that
blockade of P4 signaling by telapristone resulted
in a decreased G2/M fraction, caused by decreased
expression of genes that facilitate the G2/M tran-
sition in T47D breast cancer cells (253). Tumors
were induced with MPA or P4 plus MNU in rats.
Telapristone decreased tumor incidence and tumor
burden, with a significant decrease in pHH3- (pro-
liferation) and CD34- (angiogenesis) positive cells.
Telapristone was more effective than mifepristone
in inducing growth inhibition of T47D spheroids
(358). Telapristone was more effective than mifep-
ristone for inhibiting growth of T47D spheroids
(358). Telapristone acetate and some known aro-
matase inhibitors, including letrozole, anastrozole,
and exemestane were tested to determine their
ability to regulate testosterone-induced cell pro-
liferation and anchorage-independent growth of
T47Darom cells. Telapristone acetate was more
effective alone or in combination with aromatase
inhibitors in reducing testosterone-induced cell
proliferation and anchorage-independent growth of
T47Darom cells, compared to an aromatase alone.
Telapristone acetate inhibited expression levels of
PR-B and EGF-R and reduced the formation of the
complex PRB/p300 in the nucleus of T47Darom
cells (359). Davaadelger et al investigated the mo-
lecular mechanism by which telapristone acetate
antagonizes PR action in T47D breast cancer cells
(252). The investigators observed that telapristone
acetate decreased PR occupancy on chromatin and
recruits coregulators such as TRPS1 (transcrip-
tional repressor GATA binding 1) to the PR com-
plex, thereby regulating PR target gene expression
and associated cellular responses (252).

Clinicalefficacy: phasell. Anactive phaselIIBtrialof
telapristone acetate has been listed in Clinical Trials.
gov for the treatment of stage I-II primary breast
cancer prior to surgery (NCT01800422). This
study has been designed to study the effect of
telapristone acetate (administered orally once daily
for 2-10 weeks) on the growth rate of breast cancer
cells, compared to placebo. The primary measured
outcome is observed tumor growth from base-
line to the time of surgery. Secondary outcome
measures include changes in expression of apop-
tosis markers, blood estradiol and P4 levels, and
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breast tissue concentrations of the study drug and
its metabolite (CDB4453) compared to plasma
concentrations and liver and renal function. This
trial is expected to be finished in March 2020.

Clinical takeaway. Mifepristone has been shown
to significantly reduce a proliferation marker in
breast tissue but has only been associated with a re-
sponse rate of 10.7% when studied in women with
PR-positive recurrent breast cancer. Multiple ad-
ditional studies are currently underway to further
study the effect of mifepristone in patients based
on BRCA status and levels of PR-A versus PR-B.
The role of ulipristal acetate in reducing cell pro-
liferation is currently undergoing investigation in
cell models. Telapristone has been found in vitro
to be more effective than mifepristone in inhibiting
growth (358), and clinical trials assessing the in
vivo effect of telapristone on breast cancer are cur-
rently underway.

Heavy menstrual bleeding

Heavy menstrual bleeding is defined as heavy
bleeding that is cyclic due to its relationship with
ovulation. This term has replaced the prior, less pre-
cise term “menorrhagia,” which had been used to
describe heavy or prolonged uterine bleeding but
fails to differentiate between volume and duration of
bleeding or between cyclic and anovulatory bleeding.
Chronic heavy bleeding can result in anemia and is
often exceptionally disruptive to daily activities, in-
dependent of the quantity of blood lost. When a
woman presents with HMB, the differential is vast,
and is explored using the PALM-COEIN system
(structural causes: Polyp, Adenomyosis, Leiomyoma,
Malignancy & Hyperplasia; non-structural causes:
Coagulopathy, Ovulatory Dysfunction, Endometrial,
Tatrogenic, Not Yet Classified). Women presenting
with HMB should first be evaluated to exclude the
possibility of premalignant or malignant disease. The
mechanism behind the effect SPRMs have on HMB
is yet to be fully elucidated but may relate to the dis-
tinct changes in histological morphology (PAECs)
that have been identified in association with their use
(230, 262, 293, 360).

Ulipristal acetate. Molecular mechanisms. Three
months of UPA use has been shown to be asso-
ciated with altered architectural features, in-
cluding dilation of the epithelial gland inactivity
or features of abortive subnuclear vacuolization,
and occasional mitoses and apoptosis. This dis-
tinctive histology was found to have reversed to
normal after the discontinuation of UPA treat-
ment (262, 360).
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Clinical efficacy: phase 1. A clinical trial to as-
sess the efficacy of UPA in managing HMB in
women between the ages of 18 and 51 who do
not have uterine fibroids is currently listed in
clinicaltrials.gov (NCT03027973), but it has not
yet begun recruiting patients. Participants will
also be excluded if they have a history of any
known causes of HMB, including endometrial hy-
perplasia, cervical dysplasia, uterine or cervical
polyps, adenomyosis, ovulatory dysfunction, any
coagulopathy, or untreated thyroid disease.

Phase IV. An  experimental, double-blind,
randomized, parallel group study is being
conducted to assess the efficacy of UPA in women
with abnormal bleeding while on levonorgestrel-
releasing intrauterine system (NCT03186586).
The pilot population contains 26 women aged
18-45 years old randomized to receive 5mg/day
of UPA for 5 days or placebo. The prevalence of
bleeding will be assessed for a period of 3 months.

Asoprisnil. Molecular mechanisms. Histologically,
asoprisnil is associated with the development of
thick muscular walls within the endometrial spiral
arteries (230) and decreased uterine artery blood
flow (293). This effect appears to be unique to
asoprisnil within the class of SPRMs. In the setting
of high PR expression in the endometrial stroma
(361), it is possible that the effect of asoprisnil
occurs through affecting stromal PR expression.
Wilkens et al have proposed a mechanism through
indirect alteration of uterine natural killer (NK)
function via PR mediation of IL-15 levels (362).
In normal endometrium, IL-15 levels are respon-
sive to P4 in that PR stromal cells transcribe IL-15.
When exposed to P4, endometrial stromal cells
will increase IL-15 transpresentation to NK cells
and will expand and differentiate. Wilkens et al
demonstrated that asoprisnil-treated endome-
trium demonstrates downregulation of stromal PR
expression, upregulation of glandular PR expres-
sion, and reduction in uterine NK cells (362). They
also found that asoprisnil caused suppression of
IL-15 at a mRNA level. These findings may support
a role of interleukin-15 (IL-15), an inflammatory
mediator that has been shown to act between en-
dometrial stromal cells, uterine NK cells, and en-
dometrial spiral arteries (362).

Clinical efficacy: phase 1II. Bayer and TAP
Pharmaceutical Products Inc. performed a
multicenter, double-blind, placebo-controlled,
randomized, parallel group study to evaluate the
effects of different doses of asoprisnil in man-
aging treatment-resistant HMB without an organic
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cause (NCT00288691). A total of 26 women aged
30-55 years were given daily oral administration
of 5, 10, or 25 mg of asoprisnil or placebo for 35
to 50 days. The trial was completed in January
2004, but the results have not been made publicly
available.

Clinical takeaway. SPRMs have been used for
the treatment of HMB within the context of their
use for management of uterine fibroids. The
studies presented within section Uterine fibroids
includes multiple studies (103, 123, 124, 126, 237,
238, 257, 280, 285, 287, 292, 308, 309, 312, 313,
318, 319) demonstrating the efficacy of mifepri-
stone, ulipristal acetate, vilaprisan, and asoprisnil
in achieving amenorrhea in patients with symp-
tomatic fibroids. Currently, studies evaluating
the role of SPRMs for HMB outside of this con-
text are limited. Only 3 studies (NCT03027973,
NCT03186586, and NCT00288691) have been
initiated to assess the role of SPRMs in women with
HMB unrelated to uterine fibroids. The results of
these studies are yet to be published and made pub-
licly available.

Tolerability and safety concerns of SPRMs

Adverse events. All the SPRMs are well tolerated
by most patients. TEAEs were generally mild to
moderate and were not associated with dose re-
duction or any delay of trials, with the exception
of trials stopped due to elevated liver enzymes for
telapristone. Adverse events including hot flashes,
nausea, vomiting, lethargy, anorexia, fatigue/tired-
ness, abdominal pain, and vaginal discharge were
associated with mifepristone (126, 280, 285, 287,
326, 337, 355), asoprisnil (292, 293), UPA (103,
237, 238, 306, 308, 309), telapristone acetate (249),
and vilaprisan (319).

Liver toxicity. Associated with their primary me-
tabolism in the liver (Fig. 6), some SPRMs have
inconsistently been associated with liver toxicity.
The effect of mifepristone on liver transferase en-
zyme profile has been variable (125, 285, 287).
Yerushalmi et al found no significant differences
in the liver transferase enzyme profile (287), while
other studies found elevated levels of transaminases
in a small number of patients (125, 285). Available
clinical trials suggest no evidence of liver toxicity in
asoprisnil-treated patients (292-294). For UPA, over
750 000 patients have been treated and 5 cases of
drug-induced liver injury (DILI) have been reported
as possibly linked to UPA treatment (238, 310).
Four of these cases ended in liver transplantation.
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In February 2018 the EMA announced tempo-
rary restrictive measures for the compound, and
the  Pharmacovigilance ~ Risk  Assessment
Committee (PRAC) subsequently issued tempo-
rary recommendations advising physicians not to
initiate new treatment courses. In May 2018, the
PRAC made recommendations for reducing the
risk of liver injury and allowed treatments to resume
overseas. Ongoing UPA trials in the United States
were halted and have not yet resumed. As noted
above, clinical trials of telapristone acetate were sus-
pended in 2009 due to liver toxicity concerns (199),
but these have been restarted with lower doses of
the compound. Levels of liver transaminases were
found to be slightly increased in both vilaprisan and
placebo groups at similar levels (319).

Endometrial  hyperplasia and neoplasms.
Endometrial hyperplasia is a thickening of the
lining of the uterus caused by excessive proliferation
of the endometrial cells. It is typically diagnosed
as a noncancerous entity, but in some cases can it
can be associated with the risk of progression to
endometrial cancer (363). Chronic exposure to
estrogens unopposed by progesterone is considered
a key component in the development of endome-
trial hyperplasia. Cyclic progestin or hysterectomy
constitutes the major treatment option for endo-
metrial hyperplasia (364). The use of SPRMs for
the treatment of reproductive disorders has also
been associated with the development of endome-
trial hyperplasia. Bagaria et al reported that mifep-
ristone can induce endometrial hyperplasia without
atypia in 63.1% of women (124), while other studies
found no evidence of endometrial hyperplasia with
mifepristone (123, 125, 285, 287). The other SPRM
asoprisnil was shown to induce adverse endome-
trial changes (complex hyperplasia without atypia
or with adenosarcoma) (294). Chabbert-Buffet
et al found no endometrial hyperplasia in the UPA-
treated group (312), while other studies found en-
dometrial hyperplasia without evidence of atypia
in some UPA-treated patients (311, 313). While the
effect of SPRMs on endometrial hyperplasia is quite
variable, SPRMs are consistently associated with
PAECs and nonphysiologic endometrial changes.
A significant number of patients developed PAECs
following treatment with SPRMs. Available evi-
dence indicates that these changes regress within a
few cycles of menstrual bleeding off the medication.

Pregnancy outcome following SPRM use. To date,
only UPA has been evaluated in the context of preg-
nancy outcomes following use for uterine fibroids.
This data is still limited in quantity but suggests
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that UPA use can allow for favorable pregnancy
outcomes, with or without interval myomectomy.
Recently, Pécout et al reported that UPA treatment
is associated with the disappearance of a fibroid after
pregnancy in a 38-year-old patient (365). In 2018,
De Gasperis-Brigante et al published the first and
only systemic review to date evaluating pregnancy
outcomes following UPA treatment for uterine
fibroids (366). In their evaluation of 71 post-UPA
pregnancies, there were 50 live births, 19 sponta-
neous abortions, 1 fetal death, 2 terminations, and
1 ongoing pregnancy at the time of their review.
A total of 44 of the pregnancies occurred in women
who underwent myomectomy following UPA use.
Five women who became pregnant and did not un-
dergo myomectomy following UPA use experienced
delivery complications related to fibroids (366).

The literature regarding teratogenicity of
SPRM:s following failed use as an emergency con-
traceptive is limited because many women in this
situation elect to undergo an induced abortion.
However, published data suggests that this risk is
likely minimal to none. In a prospective study by
Bernard et al of 105 pregnancies exposed to mi-
fepristone in the first 12 weeks of pregnancy, the
overall rate of major congenital malformations
was 4.2% compared to the expected rate of 2%
to 4% seen in the general population (367, 368).
In combined data from postmarketing reports
and developmental studies of UPA, there were
376 exposed pregnancies reported, 232 of which
had a known outcome (369). These pregnancies
resulted in 28 live births, 34 first-trimester sponta-
neous miscarriages, and 151 elective terminations.
While it is important to consider the large percent
of women lost to follow-up, the observed rate of
miscarriages (13.8%) is comparable to the rate of
20% seen in the general population. Of the elective
terminations, 1 was a case of a trisomy 21 fetus in
a 42-year-old woman that was thought to be un-
related to the exposure, as she took the drug fol-
lowing 6 weeks of amenorrhea. There was also a
case of a fetal cardiac defect identified at 12 weeks
gestation, which was found by the reporter to have
an uncertain relationship to the exposure (369).
There were no reported complications during the
pregnancy or delivery and no increased rate of ec-
topic pregnancy with exposure to 30 mg UPA.

Selective Progesterone Receptor Modulators
as Emergency Contraceptives

Emergency contraception
EC is defined as the use of a device or drug as an
emergency measure to prevent pregnancy after
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unprotected intercourse, contraceptive failure or
sexual assault. In the United States, approximately
60% of all women of reproductive age use con-
traceptive methods (370), indicating a need for
accessible, safe, and effective EC. Emergency con-
traception is currently administered through the
Cu-IUD (copper intrauterine device) and through
emergency contraceptive pills. Historically, emer-
gency contraceptive pills have taken 3 forms: pro-
gestin and estrogen, progestin only, and SPRMs.
Emergency contraceptive pills with both estrogen
and progestin are no longer marketed due to lower
efficacy and higher adverse effects. The Cu-IUD
has remained the most effective mechanism but
is a less-preferred option for many women, likely
due to factors such as need for a trained pro-
vider, high out-of-pocket cost, and availability of
appointments for IUD placement (371). SPRMs
are a promising new alternative to current com-
mercially available ECs, as they are increasingly
demonstrating better efficacy.

Mifepristone was the first SPRM studied for use
as EC in 1992 (372). It is currently available as EC
at doses of 10 to 25 mg for up to 120 hours after un-
protected sexual intercourse in a small number of
countries, including Armenia, Moldova, Ukraine,
China, Russia, and Vietnam, but is not currently
available for use as EC in the United States.

Ulipristal acetate is a new class of the second
generation of SPRM, which has been approved for
EC for use up to 5 days after unprotected inter-
course. A single dose of 30 mg UPA for EC (ellaOne;
HRA-Pharma, Paris, France) was approved by the
EMA in 2009 and by the FDA in the United States
in 2010 (Ella).

Mifepristone

Molecular mechanisms. The efficacy of mifepri-
stone as EC appears to be dependent on the dose
and the time of treatment during the menstrual
cycle via its effects on the endometrium. In the fol-
licular phase of the menstrual cycle, mifepristone
treatment interrupts normal follicular develop-
ment, resulting in a delay or inhibition of ovula-
tion (373). This effect may not persist at all points
throughout the ovulation cycle; a small pilot study
showed that ovulation is not consistently blocked
even when mifepristone is administered at a dose
of 200 mg after the onset of the LH surge (374).
Mifepristone has been reported to inhibit the
human embryo implantation process in a three-di-
mensional human endometrial cell culture model
(375). Zhou et al reported that mifepristone may
negatively affect implantation by increasing
the cytotoxicity of NK cells (376). Mifepristone

https://academic.oup.com/edrv

39


https://doi.org/10.1210/endrev/bnaa012

40

treatment upregulates PR-B concentration in the
epithelial and stromal cells of the fallopian tube as
well as glandular cells of the endometrium during
the midluteal phase (377), which is consistent with
the high efficacy of this compound to prevent preg-
nancy when used as a postovulatory contraceptive
method. Mifepristone may reduce fertilization by
impairment of sperm function since it inhibits
P4-induced calcium influx and acrosome reaction
in human spermatozoa (378), as well as suppresses
the rate of penetration of human spermatozoa into
zona-free hamster oocytes (379).

Clinical efficacy. A recent Cochrane review (14
RCTs, n = 8752, high-quality evidence or 27 RCTs,
n = 6052, moderate-quality evidence) suggested
that both middose (25-50 mg) and low-dose (less
than 25 mg) mifepristone were probably more ef-
fective in preventing pregnancy than levonorges-
trel (1.5 mg) (21). Common adverse effects with
mifepristone include nausea, headache, dizziness,
breast tenderness, abdominal pain, and spotting/
bleeding after treatment. Of these, only spotting/
bleeding after treatment was seen at a signifi-
cantly reduced rate in women using mifepristone
low- or mid-dose compared to levonorgestrel
1.5 mg (21). Mifepristone has been shown to
have a minimal risk associated with breastfeeding,
as peak levels in breast milk are <1.5% of maternal
levels after administration of 4 times the EC dose of
mifepristone (380).

A randomized controlled trial (n = 2065) was
conducted in the United Kingdom to compare the
efficacy between mifepristone (10 mg) and levonor-
gestrel (2 doses of 750 pg given 12 hours apart) in
the context of EC within 120 hours of unprotected
intercourse (381). Pregnancy rates were 1.3% and
2.0% for mifepristone and levonorgestrel, with pre-
vention of expected pregnancies by 77% and 64%,
respectively. This trial also demonstrated variation
in the timing of a woman’s subsequent menstrual
cycle after treatment, with women receiving mi-
fepristone experiencing a delayed onset of menses
and women receiving levonorgestrel experiencing
an early onset. Women reported similar levels of
satisfaction between the 2 pills (mifepristone, 94%;
levonorgestrel, 91%) (381).

In another study, 398 women and adolescents
were enrolled and given 100 mg of ethinyl estradiol
and 1 mg of norgestrel, each given twice 12 hours
apart (standard therapy) and were compared to 402
women and adolescents who received mifepristone
at 600 mg. Mifepristone treatment was associated
without pregnancy, while 4 cases were reported in
the standard therapy group. The subjects treated
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with mifepristone reported less nausea (40% vs.
60%) and vomiting (3% vs. 17%) (372).

In a double-blind, randomized, controlled
trial conducted in Australia, a total of 150 healthy
women with regular menstrual cycles were enrolled
to receive 1 of the 3 doses (10, 50, or 600 mg) of
mifepristone (382). Pregnancy rates were observed
at 2.0%, 2.1%, and 2.1% with 10, 50, and 600 mg
of mifepristone, respectively. The common side
effects, including nausea, headache, dizziness, fa-
tigue/weakness, breast tenderness, diarrhea, lower
abdominal pain, vaginal bleeding, or spotting were
reported by participants within 7 days of mifepri-
stone treatment (382).

A single-arm trial was conducted in Cuba to
evaluate the efficacy of 10 mg mifepristone for EC
up to 6 days after unprotected coitus (383). A total
of 635 women were included in this trial. Pregnancy
rates were observed in 7/635 women (1.1%) after
mifepristone treatment. Adverse events were re-
ported by 10.7% (fatigue), 6.1% (dizziness), 4.9%
(nausea), and by 0.6% (vomiting) with mifepri-
stone treatment. Menstruation was delayed more
than 7 days in 38/635 (6.0%) of women (383).

A randomized double-blind trial was conducted
in 5 family-planning clinics in China (384). A total
of 998 healthy women were assigned and given
single-dose 10 mg gestrinone (n = 499) or 10 mg
mifepristone (n = 499) after unprotected coitus
up to 72 hours. Pregnancy rates were observed in
1.8% and 2.4% of the cases with mifepristone and
gestrinone group, respectively (384).

Ulipristal acetate

Molecular mechanisms. Ulipristal acetate acts by
preventing or delaying ovulation (385). Ulipristal
acetate may be taken as EC up to 120 hours after
unprotected sex for a 70% reduction in unintended
pregnancy risk (386). This effect persists even
when UPA is administered after the onset of the
LH surge, but before the peak (387). When UPA
is administered before the onset of the LH surge,
follicular rupture is delayed by at least 5 days in
100% of cases (385). When UPA is administered
after the LH surge but before the LH peak, it delays
follicular rupture in 79% of cases. However, only
8% of women experience delayed follicular rupture
if UPA is taken after the LH peak (385). A recent
study concluded that UPA may also inhibit uterine
decidualization by downregulating expression of
several key genes, including interleukin 15 (IL-15),
STATS3, prolactin (PRL), IGFBP1, and HAND?2,
involved in this process (388). Ulipristal acetate
at midfollicular doses of 10 to 100 mg caused a
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dose-dependent delay in ovulation and also inhib-
ited luteal phase endometrial maturation, which
consequently inhibits implantation (236). A single
early luteal dose of up to 100 mg UPA decreased
endometrial thickness with increased glandular
PRs, without altering corpus luteal function (389).
Ulipristal acetate does not appear to impair sperm
function (390, 391). Munuce et al showed that the
sperm functional parameters, including vitality,
sperm protein tyrosine phosphorylation, as well as
spontaneous and human follicular fluid-induced
acrosome reaction, were not affected by UPA treat-
ment (391). In addition, it was shown that UPA did
not affect the ability of human sperm to bind to the
surface of human tubal tissue explants or to pen-
etrate the mouse cumulus mass and the zona-free
hamster eggs (390). An in vitro study has shown
that UPA does not interfere with embryo attach-
ment to the endometrium (392). Ulipristal ace-
tate also suppresses ciliary beating and muscular
contraction in the fallopian tube (393). However,
the in vivo efficacy of these postovulatory
mechanisms remains uncertain, as a recent clin-
ical study indicated that UPA has significantly
higher efficacy when administered before versus
after ovulation (394).

Clinical efficacy. A recent Cochrane review anal-
ysis using 2 randomized controlled trials (n = 3448)
(395, 396) presented that UPA was associated with
fewer pregnancies compared to levonorgestrel
when administered within 120 hours after unpro-
tected intercourse (21). These 2 randomized trials
compared the efficacy of UPA to levonorgestrel or
placebo for women seeking EC within 72 hours of
unprotected intercourse (395) and up to 120 hours
(396). In the first study (395), healthy women
were randomly assigned to receive a single dose
of 50 mg of UPA, plus either a placebo 12 hours
later or 2 doses of 0.75 mg of levonorgestrel taken
12 hours separately. Pregnancies rates were 0.9%
in the UPA group and 1.7% in the levonorgestrel
group, respectively. The reduction in the number
of pregnancies from placebo was 85% in the
UPA group and 69% in the levonorgestrel group.
A somewhat greater percentage of UPA (29%)
compared to the levonorgestrel group (24%) expe-
rienced nausea, whereas the similar incidence of
bleeding and spotting was observed in both groups
(395). In the second study (NCT00551616), a total
of 2221 women were randomly assigned to receive
a single dose of 30 mg UPA (n = 1104) or 1.5 mg le-
vonorgestrel (n = 1117) (396). The pregnancy rates
were 1.8% (n = 844) and 2.6% (n = 852) in the UPA
group and levonorgestrel group, respectively, in
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women who received EC within 72 hours of sexual
intercourse. In the 203 women who received EC
between 72 and 120 hours after sexual intercourse,
3 pregnancies occurred, all of which were in the
levonorgestrel group. The common adverse event
was headache 19.3% (n = 1104) in the UPA group
and 18.9% (n = 1117) in the levonorgestrel group,
with other observed events, including dizziness
and molar pregnancy (396).

A large US-based prospective clinical trial
showed that UPA at 30 mg single dose was very ef-
fective and well tolerated for EC when used 48 to
120 hours following unprotected intercourse (397).
This trial included a total of 1241 women with reg-
ular cycles. The pregnancy rates were observed at
2.3% (1.4-3.8%) for 48 to 72 hours of intervals,
2.1% (1.0-4.1%) for >72 to 96 hours of intervals,
and 1.3% (0.1-4.8%) for > 96 to 120 hours of
intervals. Adverse events were generally mild
or moderate. The most common adverse events
were headache, nausea, and abdominal pain. The
length of menstrual cycle was increased by a mean
of 2.8 days, whereas the duration of menstrual
bleeding did not change (397).

Selective Progesterone Receptor Modulators
as Anti-glucocorticoid Agents

Mifepristone

Cushing’s syndrome. Cushing’s syndrome is a
rare endocrine disorder characterized by elevated
levels of cortisol (398). Iatrogenic (exogenous or
drug-related) Cushing’s syndrome is generally seen
in clinical practice and is associated with exoge-
nous use of glucocorticoid products. Endogenous
Cushing’s syndrome is rare and is associated with
the body’s own overproduction of cortisol.

Most cases are caused by an adrenocortico-
tropic hormone (ACTH)-secreting tumor of the
pituitary gland that produces an excess amount of
ACTH, which in turn stimulates the adrenal glands
to release more cortisol. When this form of the
syndrome develops, it is referred to as Cushing’s
disease. Excess cortisol can also be caused by an
ACTH-secreting tumor located in the lungs, pan-
creas, thyroid, or thymus gland. Cushing’s syn-
drome is the moniker used for excess cortisol
resulting from benign, malignant, or hyperplastic
diseases of the adrenal glands causing secretion
of cortisol in the absence of ACTH stimulation
(399, 400). The excess cortisol seen in Cushing’s
syndrome results in hypertension, hyperglycemia,
obesity, and a myriad of other problems (400).
These complications lead to significant morbidity
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related to illness and twice the mortality rate in
patients with Cushing’s syndrome compared to the
general population (401). The presence of diabetes
mellitus and hypertension in these patients are the
most important predictors of death (401). Surgery
remains the first-line treatment for Cushing’s syn-
drome, but mifepristone is used as a second-line or
third-line therapy for patients who have failed to
achieve remission with other treatment modalities
(399, 402). Mifepristone has been approved by the
FDA in February 2012 for patients with hypergly-
cemia secondary to Cushing’s syndrome who are
not surgical candidates or whose disease is refrac-
tory to surgery (403, 404). The starting dosage of
mifepristone is 300 mg/day, which can be increased
every 2 to 4 weeks up to a maximum of 1200 mg/
day. Mifepristone is commercially available in the
United States as Korlym as of May 1, 2012.

Several recent clinical trials (405-410) have
evaluated the clinical efficacy and safety of mi-
fepristone for patients with Cushing’s syndrome.
A Europe-based retrospective study was conducted
with mifepristone for patients with malignant and
benign Cushing’s syndrome. This study enrolled
15 patients with malignant conditions associ-
ated with adrenocortical carcinoma (n = 12) and
ectopic ACTH secretion (n = 3), and 5 patients
with benign conditions associated with Cushing’s
disease (n = 4) and bilateral adrenal hyperplasia
(n=1). Mifepristone was given at a starting dose of
400 mg daily (200-1000 mg) for 2 months (for ma-
lignant Cushing’s syndrome) or 6 months (for be-
nign Cushing’s syndrome) (405). Clinical (signs of
hypercortisolism, elevated blood pressure, adrenal
insufficiency) and biochemical (abnormal serum
potassium and glucose) parameters were evaluated.
Mifepristone treatment improved clinical signs
in 73% of patients with malignant Cushing’s syn-
drome patients and 80% of patients with benign
Cushing’s syndrome (405). Signs of adrenal in-
sufficiency were observed in 15% of patients and
increased blood pressure levels were observed in
15% of patients. (405).

A large US-based multicenter, open-label trial
(NCT00569582) was conducted to assess the ef-
ficacy of administering mifepristone in patients
(n = 50) with endogenous Cushing’s syndrome
along with type 2 diabetes mellitus or impaired glu-
cose tolerance or hypertension (406). Mifepristone
was given at doses of 300 to 1200 mg daily for 24
weeks. Mifepristone treatment improved the clin-
ical status in 87% of patients. Glucose profiles were
improved in 60% of patients with diabetes mellitus
or glucose intolerance. Insulin resistance, depres-
sion, cognition, and quality of life also improved.

Islam et al Mechanisms and Clinical Efficacy of SPRMs.

Mifepristone treatment induced adverse events, in-
cluding fatigue, nausea, headache, low potassium,
arthralgia, vomiting, edema, and endometrial
thickening (406).

Katznelson et al performed a post hoc analysis
of secondary end-point data from a multicenter,
open-label trial (407). In this trial, mifepristone was
given at 300 to 1200 mg doses daily for 24 weeks
to patients (n = 46) with refractory Cushing’s syn-
drome associated with type 2 diabetes mellitus or
impaired glucose tolerance or hypertension (407).
Global clinical assessment included 8 broad clinical
categories, including glucose control, lipid levels,
blood pressure, body composition, clinical appear-
ance, strength, psychiatric or cognitive symptoms
and quality of life. Data showed that mifepristone
treatment induced significant improvements in
global clinical response assessments in 88% of
patients (407).

Bilateral ~macronodular  adrenal  hyper-
plasia (BMAH) is a cause of primary adrenal
hypercortisolism, a rare form of Cushings syn-
drome. In a retrospective review, Cohan and
colleagues reported that mifepristone was given
to 4 patients with hypercortisolism due to BMAH
(348). Clinical improvement was observed in all 4
patients after mifepristone treatment. Improvement
in cardiometabolic parameters, glycemic control,
and hypertension was also observed. All patients
experienced significant weight loss. Mifepristone
treatment was associated with adverse event fa-
tigue (408).

In the US-based SEISMIC (Study of the Efficacy
and Safety of Mifepristone in the Treatment
of Endogenous Cushing’s Syndrome) trial, 43
patients with Cushing’s disease were treated with
mifepristone at 300 to 1200 mg for 24 weeks (409).
Mifepristone treatment was associated with an in-
crease in ACTH levels in 72% of patients, as well
as tumor progression in 4 cases (409). Consistent
weight loss was observed in the mifepristone-
treated patients at a 2 year follow-up (410).

Psychiatric conditions. Psychotic depression is a
severe mental disorder characterized by delusions
and/or hallucinations. This condition occurs at a
prevalence of 0.4% (411). Dysregulation and hy-
peractivity of the hypothalamic-pituitary-adrenal
axis, with subsequent elevation in circulating cor-
tisol levels, are thought to be involved in the de-
velopment of psychotic depression (412). Due to
the antiglucocorticoid effects of mifepristone, mi-
fepristone has recently been tested for use in the
treatment of various mood disorders, including
psychotic depression (413-416).
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In 2006, DeBattista et al reported that mifepristone is well
tolerated and can be effective for the treatment of psychotic de-
pression (416). Later, Blasey et al designed a study with 433
patients diagnosed with psychotic depression who were ran-
domly assigned to placebo or mifepristone at 300, 600, or
1200 mg for 7 days (413). This group also reported that mifep-
ristone was well tolerated at all 3 doses. Mifepristone effectively
reduced psychotic characteristics in patients with psychotic
depression. The rapid and sustained reduction in psychotic
features were associated with mifepristone plasma levels >
1660 ng/mL (413). A US-based double-blind, randomized
placebo-controlled trial (NCT00637494) also reported that
mifepristone at 1200 mg daily for 7 days was safe and well-
tolerated. Mifepristone plasma levels of 1637 ng/mL or greater
was reported in 66.7% of patients experiencing significant
reductions in psychotic symptoms compared to the placebo
group (414). Recently, Block et al performed a combined
analysis from 5 similarly designed phase II or III studies on
treatment with mifepristone (n = 833) or placebo (n = 627) in
patients with psychotic depression. They found that mifepri-
stone at a 1200 mg daily dose allowed most patients to achieve a
therapeutic mifepristone plasma level of > 1637 ng/mL, which
was effective to reduce psychotic features with wide safety
margins (415).

Conclusion and Future Perspectives

Significant advancement has been achieved in the use of SPRMs
for human gynecological and nongynecological diseases.
Substantial research in this area has led to the US FDA approval of
mifepristone in 2012 for Cushing’s syndrome and the approval of
UPA in Canada and Europe as a presurgical therapy for patients
with uterine fibroids, as well as for emergency contraception in
the United States. A small number of trials suggest that the clin-
ical efficacy of mifepristone is not evident or somewhat variable
in endometriosis, endometrial cancer, and breast cancer (Table 1
and Fig. 6). A therapeutic effect of SPRMs in uterine fibroids is
clearly evident (Table 1 and Fig. 6). Notably, heavy menstrual
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Abbreviations

170-OHP, 17a-hydroxyprogesterone; 17BHSD2, 178 hydro-
xysteroid dehydrogenase 2; 5a.-DHP, 50i-dihydroprogesterone;
5B-DHP, 58-dihydroprogesterone; ACTH, adrenocorticotropic
hormone; ADAM12, ADAM metallopeptidase domain 12; AF
activation function; AIB1,amplified in breast cancer 1; AKAP13,
A-Kinase Anchoring Protein 13; AKR1B1, Aldo-keto reductase
family 1 member B1; AP-1, activator protein 1; ATBF1, AT
Motif-Binding Factor 1 or zinc finger homeobox 3; Bax, BCL2
associated X, apoptosis regulator; BBSS, Biberoglu & Behrman
Symptom Severity; Bcl-2, B-cell lymphoma; BMAH, bilateral
macronodular adrenal hyperplasia; cAMP, cyclic adenosine
monophosphate; CDKI, cyclin-dependent kinase inhibitor;
COX-2, cyclooxygenase-2; Cu-lUD, copper intrauterine device;
CYP, cytochrome P450; DBD, DNA binding domain; E2, estro-
gen; EC, emergency contraception; ECM, extracellular matrix;
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EMA, European Medicines Agency; EMMPRIN, extracellular
matrix metalloproteinase inducer; ERBB2, epidermal growth
factor 2; FAK, focal adhesion kinase; FASLG, Fas ligand; FDA,
Food and Drug Administration; FOXO1, forkhead Box O71;
FSH, follicle stimulating hormone; GABA,, aminobutyric acid
type A; GADD153, DNA-damage-inducible gene 153; GSK3[3,
glycogen synthase kinase 3f3; GSTM1, glutathione-s transferase
mu 1; H, hinge region; HAND2, heart and neural crest deriva-
tives expressed 2; HDAC], histone deacetylase inhibitor; HIF-1a,
hypoxia-inducible factor-1alpha; HMB, heavy menstrual bleed-
ing HRQL, health-related quality of life; HSP, heat shock pro-
tein; IGFBP-1, insulin-like growth factor binding protein 1; IL-15,
interleukin 15; KLF11, kriippel-like transcription factor 11; LAT2,
L-type amino acid transporter 2; LBD, ligand-binding domain;
LGESS, low grade endometrial stromal sarcoma; LH, luteinizing
hormone; MAPK, mitogen-activated protein kinase; MKP-1/
DUSP1, MAPK phosphatase 1; MMP, matrix metalloproteinase;
MPA, medroxyprogesterone acetate; mPR, membrane-bound
progesterone receptors; MR, mineralocorticoid receptor; MT1-
MMP, membrane type 1-MMP; NETA, norethisterone acetate;
NFATS, nuclear factor of activated T-cells; NF-kB, nuclear factor
kappa-light-chain-enhancer of activated B cells; NLS, nuclear lo-
calization signal; NTD, N-terminal A/B domain; P4, progester-
one; PAEC, progesterone receptor modulator-associated endo-
metrial change; PARP, poly(ADP-ribose) polymerase cleavage;
PBAC, pictorial blood assessment chart; PCNA, proliferating
cell nuclear antigen; PGE2, prostaglandin £2; PGL4002, mono-
N-demethylated metabolite; PGL4004, di-N-demethylated
metabolite; PI3K/AKT, phosphatidylinositol 3-kinase; PKC, pro-
tein kinase C; PLAU, plasminogen Activator, Urokinase; PR, pro-
gesterone receptor; PRE, progesterone response elements; PRL,
prolactin; PXR, pregnane X receptor; RANKL, Receptor activa-
tor of nuclear factor kappa-B ligand or TNF superfamily mem-
ber 11; SEISMIC, Study of the Efficacy and Safety of Mifepristone
in the Treatment of Endogenous Cushing’s Syndrome; SLCSA3,
solute carrier family 5 member 3; SMRT, silencing mediator of
retinoid and thyroid hormone receptor; Sp1, specificity pro-
tein1; SPRM, selective progesterone receptor modulator; SRC,
steroid receptor coactivator-1; STATS, signal transducer and ac
tivator of transcription 5; TEAE, Treatment-emergent adverse
effect; TGF-f, transforming growth factor-f5; THY1, Thy-1 cell
surface antigen; TIMP, tissue inhibitor of MMP; TNBC, Triple-
negative breast cancer; TN-C, tenascin G TNF-o, tumor necro-
sis factor-a; TRPST, Transcriptional Repressor GATA Binding 1;
TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling; UFS-Qol, Uterine Fibroid Symptoms Qual-
ity of Life Questionnaire; UPA, ulipristal acetate; VEGF, vascular
endothelial growth factor
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