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Abstract

Uterine fibroids (leiomyomata) are extremely common lesions that are associated with detrimental effects including infertility and
abnormal uterine bleeding. Fibroids cause molecular changes at the level of endometrium. Abnormal regulation of growth factors
and cytokines in fibroid cells may contribute to negative endometrial effects. Understanding of fibroid biology has greatly
increased over the last decade. Although the current armamentarium of Food and Drug Administration-approved medical thera-
pies is limited, there are medications approved for use in heavy menstrual bleeding that can be used for the medical management
of fibroids. Emergence of the role of growth factors in pathophysiology of fibroids has led researchers to develop novel thera-
peutics. Despite advances in medical therapies, surgical management remains a mainstay of fibroid treatment. Destruction of
fibroids by interventional radiological procedures provides other effective treatments. Further experimental studies and clinical

trials are required to determine which therapies will provide the greatest benefits to patients with fibroids.
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Introduction

Uterine leiomyomata, or fibroids, are the most common benign
neoplasms in women of reproductive age, with a lifetime pre-
valence of 30% to 70%."* Approximately 30% of women with
fibroids are symptomatic.® Black women have a 3-fold higher
incidence of fibroids than white women.* Symptoms associated
with these benign tumors include abnormal uterine bleeding
(AUB), anemia, pelvic pressure and pain, dysmenorrhea, and
reproductive dysfunction. Reproductive effects of fibroids
include spontaneous abortions, impaired implantation, and
infertility.” The total economic impact associated with fibroids
in the United States (in 2010 dollars) was recently estimated to
range between 6 and 34 billion dollars annually, including the
direct costs (medical and surgical expenses) of 4 to 9 billion dol-
lars and indirect costs (disability, lost wages, and costs due to
obstetric complications related to fibroids) of 2 to 25 billion dol-
lars.® The presence and severity of symptoms have traditionally
been thought to be largely dependent on the size and location of
the myomas (subserosal, intramural, or submucosal), although
emerging evidence suggests that molecular mechanisms play
an important role in the negative effects of fibroids.

Fibroids are hormonally responsive, and myoma growth is
dependent on the ovarian steroid hormones estrogen and pro-
gesterone. They are rarely observed before puberty and are
most prevalent during the reproductive years, then significantly
diminish in volume after the menopause. Their growth pattern
is influenced by endocrine and paracrine effects. Fibroid cells

express estrogen receptor (ER) and progesterone receptor
(PR) at levels greater than surrounding myometrial cells.”®
Fibroids also express aromatase that allows for endogenous
production of estradiol.” The sensitivity of fibroids to estradiol
is illustrated by the rapid decrease in fibroid size when patients
are treated with gonadotropin-releasing hormone (GnRH) ago-
nists, which induce a hypoestrogenic state. After discontinuation
of GnRH agonist therapy, fibroids return to their pretreatment
size, further demonstrating the growth response to estrogen. Pro-
gesterone also has a direct growth effect on fibroids. Peak mito-
tic activity in fibroids occurs in the luteal phase and in response
to administration of progestational agents.'®'? Administration of
PR modulators such as the pure antagonist mifepristone
(RU486) and the PR modulator ulipristal acetate results in a
decrease in fibroid size.'*'® Because of the hormonal regulation
of fibroid growth, the majority of medical treatments have
focused on manipulation of sex steroid activity.'” Novel nonhor-
monal options are emerging for the medical management as we
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gain further understanding of the molecular signaling pathways
involved in fibroid growth.'*'82°

Surgical management of fibroids is currently the mainstay
of treatment. Between 2000 and 2004, of the approximately
600 000 hysterectomies performed in the United States annu-
ally, 41% were performed secondary to uterine fibroids (a hys-
terectomy rate for fibroids of 2.2 per 1000).>' Although the
definitive treatment is hysterectomy, conservative treatment
options are available for women who wish to preserve their
reproductive function. Conservative surgical management with
myomectomy allows for surgical removal of fibroids without
eliminating the possibility of pregnancy. Uterine fibroid embo-
lization, in which polyvinyl alcohol particles are injected to
selectively occlude the vessels feeding the fibroids, offers a
nonsurgical treatment option in select patients.** Additional
image-guided treatment modalities, including magnetic reso-
nance imaging (MRI)-guided high-frequency focused ultra-
sound (MRgFUS), are promising techniques that offer
minimally invasive management options for women with
fibroids.>® These minimally invasive procedures may effec-
tively reduce the symptoms of excessive menstrual bleeding,
pain, and pressure. Studies on reproductive outcomes after
uterine fibroid embolization and MRgFUS are ongoing.>**>

Fibroids are benign tumors that originate from myometrial
smooth muscle. They are composed of smooth muscle cells
surrounded by an extracellular matrix (ECM) containing vari-
able amounts of fibrous tissue and collagen. Unlike the quies-
cent myometrium, leiomyoma exhibits elevated rates of mitotic
activity and S-phase fraction. Growth, proliferation, and differ-
entiation of myometrial cells are regulated by complex interac-
tions between ovarian steroids and growth factors produced
locally.®® These can be physiological, such as the growth and
differentiation of myometrial cells in pregnancy that allow for
expansion of the gravid uterus and increased contractility nec-
essary for parturition. However, abnormal signaling within
these pathways can lead to tumor formation. Fibroid tumori-
genesis and enlargement are therefore due to signaling errors
that cause increased proliferation in response to sex steroids
and other growth factors.?” A number of growth factors, includ-
ing epidermal growth factor (EGF), platelet-derived growth
factor (PDGF), insulin-like growth factor (IGF), heparin-
binding EGF (HB-EGF), transforming growth factor (TGF)
B, TGF-a, vascular endothelial growth factor (VEGF), basic
fibroblast growth factor (bFGF), and acidic FGF, are impli-
cated in the development and proliferation of fibroids.***-3
Aberrant regulation of these factors increases ECM compo-
nents, including collagens, proteoglycans, and fibronectin, in
a disorganized fashion.>'® These factors are differentially
regulated by sex steroids and interact with each other to con-
tribute to fibroid tumorigenesis.** Recently, these growth fac-
tors have been implicated in defective endometrial signaling
with adverse effects on embryo implantation and regulation
of endometrial hemostasis.*

Fibroids are associated with AUB, most commonly present-
ing with heavy menstrual bleeding (HMB).*® Normal men-
struation can be thought of as a ‘“controlled hemorrhage”

that requires a coordinated response to progesterone with-
drawal.’” The classic theory for the etiology of abnormal men-
strual bleeding due to fibroids is that vascular structures in the
uterus are altered, leading to dysfunction of normal hemostasis
mechanisms.>® These vascular changes were initially thought
to be due to vascular compression; however, recent evidence
shows that they are caused by the action of vasoactive growth
factors released from fibroids.*

This article will review clinical manifestations of fibroids,
specifically the impact of fibroids on fertility and AUB. Partic-
ular emphasis will be placed on the impact of growth factors,
abnormally regulated in women with fibroids, on these pro-
cesses. Current and future treatment options for fibroids will
then be explored.

Methods

PubMed (National Center for Biotechnology Information) was
searched for relevant English language clinical, epidemiologi-
cal, and biological studies using relevant key words and hier-
archical Medical Subject headings. The results of these
searches were examined and key topics were explored. High-
lighted topics include the endometrial effects of fibroids, their
impact on fertility, current clinical management of fibroids,
and emerging medical therapies.

Clinical Manifestations of Fibroids

Infertility. The association between uterine fibroids and inferti-
lity has long been a controversial issue for clinicians. Before
transvaginal ultrasonography was widely utilized to increase
the detection of uterine fibroids, fibroids were estimated to
be present in up to 10% of women with infertility, and were
identified as the sole factor for infertility in only 2% to 3%
of patients.” A more recent prospective cohort study showed
that, in women with unexplained infertility, only 11% of
women with fibroids conceived spontaneously, while women
without fibroids conceived spontaneously 25% of the time.*’
Removal of fibroids via myomectomy improves reproductive
outcomes in selected patients.*'

Effect of fibroid location. The location of fibroids within the
uterus plays an important role in their fertility effects. Intra-
mural and submucosal fibroids may impact fertility by distort-
ing the endometrial cavity, obstructing the cervical canal, or
obstructing the tubal ostia. Women with endometrial cavities
distorted by fibroids have lower in vitro fertilization (IVF)
pregnancy rates than women with normal cavities.** Submuco-
sal fibroids are known to decrease implantation and clinical
pregnancy rates.*'**** Compared to infertile women without
fibroids, women with submucosal myomas had significantly
lower clinical pregnancy rates (relative risk [RR] 0.36),
implantation rates (RR 0.28), ongoing pregnancy/live birth
rates (RR 0.32), and significantly higher spontaneous abortion
rates (RR 1.68).%'
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The impact of intramural fibroids on implantation is less
clear. Studies examining assisted reproductive technology
(ART) cycle outcomes in women with intramural fibroids have
shown decreased fertility rates compared to women without
fibroids and those with subserosal myomas.*> A subgroup anal-
ysis, limited to 2 prospective studies examining 125 women,
from a recent meta-analysis examining the impact of intra-
mural myomas on fertility showed significant reduction in
implantation rates, live birth rates, and a significant increase
in spontaneous abortion in women with intramural fibroids,
with RRs of 0.55, 0.46, and 2.38, respectively.41 On the con-
trary, no differences in pregnancy outcomes were seen in
patients undergoing IVF with solitary intramural fibroids caus-
ing no distortion of the endometrial cavity (confirmed by diag-
nostic hysteroscopy) when compared to age-matched controls
with no fibroids.*® The size and number of intramural fibroids
may also play a role in the degree to which fertility is impacted.
Patients undergoing IVF with intramural fibroids greater than
4 cm and no distortion of the endometrial cavity had lower
pregnancy rates (29%) than patients with intramural fibroids
less than 4 ¢cm (51% with fibroids <2 ¢cm and 53% with fibroids
2-4 cm).*” A large study comparing IVF outcomes in recipients
in donor-oocyte cycles found no differences in cycle outcomes
in recipients with or without intramural fibroids, regardless of
size or number.*® These findings suggest that high-quality
oocytes (and resulting embryos) may be able to implant,
despite less favorable endometrial conditions.

Although submucosal fibroids clearly impair fertility, sub-
serosal and pedunculated fibroids do not affect implantation
rates or clinical pregnancy rates.** Although the role of intra-
mural fibroids in infertility is controversial, there is substantial
evidence that intramural fibroids with intracavitary component
decrease fertility and increase miscarriage risk.”®

Effect of myomectomy on fibroid-associated infertility. Hystero-
scopic myomectomy (transcervical removal of submucosal
fibroids) improves pregnancy rates and live birth rates in
patients with infertility.**>'->? Improvements in pregnancy out-
comes in patients with submucosal fibroids occur regardless of
whether pregnancies are conceived spontaneously or via ARTs.
A randomized trial in which patients with primary infertility
and submucosal fibroids were randomized to hysteroscopic
myomectomy or diagnostic hysteroscopy showed that patients
who had undergone myomectomy had significantly greater
spontaneous pregnancy rates than the patients who had diag-
nostic hysteroscopy.” In patients with submucosal fibroids
undergoing IVF, hysteroscopic myomectomy prior to IVF
improved pregnancy rates to a degree comparable to rates seen
in patients undergoing IVF with normal uterine cavities.>
Although it is clear that surgical removal of submucosal
fibroids improves pregnancy rates, the data on fertility out-
comes after myomectomy in patients with intramural fibroids
are less convincing. In a clinical trial by Casini et al, patients
with intramural fibroids were randomized to myomectomy ver-
sus expected management. Intramural fibroids were subclassi-
fied based on whether there was a submucosal component

(cavity impingement) or not. There was a significant improve-
ment in pregnancy rate after myomectomy in patients with
intramural fibroids having a submucosal component (36.4%
in the myomectomy group and 15% in the expectant group,
P < .05).*° There was no statistically significant reduction in
pregnancy rate after myomectomy in patients with intramural
fibroids lacking a submucosal component (56.5% in the myo-
mectomy group and 40.9% in the expectant group, P = not sig-
nificant). This study provided strong evidence that removal of
any fibroid that distorts the cavity will improve pregnancy rates
but did not show a statistically significant benefit after myomect-
omy in patients with intramural fibroids lacking cavity distor-
tion.*” Unfortunately, there was no report of the size or
number of fibroids included in this trial. A systematic review
by Metwally et al showed no statistically significant effect of
intramural fibroids on clinical pregnancy rate (odds ratio [OR]
0.74, 95% confidence interval [CI] 0.50-1.09).3* However, other
studies have demonstrated a detrimental effect of intramural
fibroids on implantation rate and pregnancy outcomes (OR
0.8,95% CI 0.6-0.9) albeit the effect size being less than submu-
cosal fibroids (OR 0.3, 95% CI 0.1-0.7).*'>>° These findings
suggested that the previous studies may be underpowered to
detect the effect of intramural fibroids on fertility and pregnancy
outcomes.’® Further studies with sufficient power will further
delineate the effects of intramural fibroids on fertility and the
impact of myomectomy in patients with infertility.

Endometrial effects of fibroids: Pathogenesis of fibroid-associated
infertility. Embryo implantation and early development, depen-
dent on endometrial receptivity, are impaired by fibroids.
A short “window of implantation” occurs in which the endo-
metrium is able to support blastocyst apposition, adhesion, and
invasion. This window begins approximately 4 days after ovu-
lation and continues for 6 days.>”>° Timely expression of genes
during the window of implantation mediates the changes nec-
essary to allow implantation to occur. Endometrial receptivity
is defective when key regulators of implantation, such as
HOXA10, HOXAL11, and leukemia inhibitory factor (LIF), are
altered. The targeted disruption of these genes in mice results in
infertility due to failed endometrial receptivity.*®* HOX genes
regulate a number of molecular and morphological markers
that function during the window of implantation including
pinopodes, B3 integrin, tryptophan dioxygenase, and IGF-
binding protein 1).°**” There are no known human mutations
of the HOXA10 or HOXA11 genes; however, women affected
by conditions known to be associated with implantation
defects, including submucosal myomas, have diminished
expression of these genes.®”’' Bone morphogenetic protein 2
(BMP-2), a multifunctional growth factor, is also critical to
endometrial implantation. Conditional ablation of BMP-2 in
the murine endometrium results in failed decidualization and
the inability to support embryo implantation.”*"

It has been hypothesized that anatomic distortion of the
endometrial cavity impairs embryo implantation in the endo-
metrium directly overlying the leiomyoma. Fibroids are also
thought to alter uterine peristalsis, which may interfere with
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gamete and embryo transport.”* Cavity distortion due to
obstruction by large leiomyoma is also thought to hinder sperm
migration through the cervix and to hinder the ostiae of the fal-
lopian tubes. However, impaired reproduction is seen in
women with smaller submucosal fibroids, which cannot be
explained by tubal obstruction. The possibility of a biochem-
ical factor is supported by studies examining endometrial
changes in women with submucosal and intramural fibroids.
Expression of HOXA10 and HOXA11, factors known to be nec-
essary for endometrial receptivity, was decreased in the endo-
metrium of women with submucosal myomas.®® Interestingly
the decreased expression of these genes was seen globally
throughout the endometrial cavity, rather than only in the endo-
metrium directly overlying the myomas. Growth factors,
known to be dysregulated in fibroids, are plausible candidates
for the mediators of these endometrial effects. Transforming
growth factor B, a growth factor known to be overexpressed
and secreted by fibroids, has detrimental effects on signaling
pathways necessary for endometrial receptivity to occur.*>’>

Transforming growth factor B is a dimeric polypeptide
growth factor that functions in many cell types to regulate pro-
liferation and differentiation. Three isoforms exist (TGF-f1 to
TGF-B3). In reproductive tissues, TGF-3 is the most abundant
isoform and is known to be produced in excess quantities in
fibroids.”® Recently, TGF-B3 was shown to decrease the recep-
tivity of human endometrium to BMP-2 by decreasing the
expression of BMP receptors.>® Expression of HOXAI0 and
LIF did not increase in endometrial cells from women with
fibroids when treated with recombinant human BMP-2, while
similar treatment increased HOXA10 and LIF in cells from
women without fibroids.>> These findings suggest that TGF-
B3, secreted from fibroids, impairs the BMP-2 signaling in the
endometrium necessary for implantation. However, the exact
molecular mechanisms of fibroid-induced endometrial changes
are incompletely understood and remain to be elucidated.

The deleterious effects of fibroids on fertility are therefore
mediated by multiple mechanisms. Anatomical distortion
likely interferes with gamete and embryo transport, causes vas-
cular alterations, and alters uterine peristalsis. The secretion of
paracrine factors from fibroids alters the expression of factors
critical to normal embryo implantation. The improvement in
reproductive outcomes seen after myomectomy is therefore
likely due to a combination of restoration of normal anatomy
and removal of the source of the growth factors known to
impair the normal mechanisms that regulate endometrial recep-
tivity. Further research on the molecular mechanisms within
the endometrium impacted by fibroid-secreted growth factors
may lead to potential nonsurgical therapies to improve fertility
in patients with fibroids.

Abnormal Uterine Bleeding. Abnormal menstrual bleeding due to
fibroids is the leading cause of hysterectomy in the United
States. Approximately 30% of women with fibroids experience
menstrual abnormalities, and HMB is the most common symp-
tom.> The size and location of fibroids have classically been
thought to play a role in the incidence and severity of AUB,

with submucosal fibroids being the most likely to cause abnor-
mal bleeding.”® This theory has been disputed by those who
have shown that fibroids of any size or location can cause sig-
nificant AUB.””""8

Etiology of Fibroid-Related AUB. Many theories exist for the men-
strual dysfunction seen in women with fibroids. One classic
theory was that increased endometrial surface area and endo-
metrial cavity size contributed to increased menstrual blood
flow.”® A better-supported theory is that changes in the venous
structures in the myometrium and endometrium, caused by the
presence of fibroids, lead to venule ectasia.®® With venule ecta-
sia, the normal hemostatic actions of platelets and other coagu-
lation factors are overwhelmed by the increase in vessel
caliber.® The dilation in these blood vessels was historically
thought to be due to compression of the veins by fibroids, as
they course through the myometrium to drain into the larger
veins of the uterus.® Although vascular compression may con-
tribute to these vascular changes, more recent evidence sug-
gests that vasoactive growth factors released from fibroids
are sufficient to cause vascular ectasia biochemically. These
vasoactive growth factors, known to be abnormally regulated
within fibroids, enter the endometrium and result in prolifera-
tion and growth of blood vessels. The following growth factors:
bFGF, EGF, HB-EGF, VEGF, PDGF, IGF-1,TGF-p, parathyr-
oid hormone-related protein (PTHrP), and prolactin are abnor-
mally expressed in fibroids.>**° Of these factors, VEGF, bFGF,
PTHrP, and PDGF have known effects on uterine vascula-
ture.>*¥!*® These vasoactive growth factors are summarized
in Table 1. The aberrant expression of these factors in fibroids
and their action on the blood vessels supplying the endome-
trium likely contribute to the menstrual dysfunction commonly
seen in women with symptomatic fibroids.

Basic fibroblast growth factor is of particular interest
because, in addition to abnormal regulation in fibroid cells, it
is known to have abnormal signaling in the endometrium of
women with fibroids. Basic fibroblast growth factor is overex-
pressed in fibroids, relative to normal myometrium, and pro-
motes angiogenesis and smooth muscle proliferation.’® The
receptor for bFGF (FGF receptor 1) is also abnormally regu-
lated in the endometrium of women with fibroids. This receptor
is normally suppressed in the luteal phase; however this sup-
pression does not occur in women with fibroid-associated
HMB.?® These findings illustrate that aberrant regulation of
growth factors in women with fibroids can occur in adjacent
tissues (ie, endometrium) and suggest that there may be impor-
tant paracrine signaling between fibroid cells and the
endometrium.

Although the number and caliber of blood vessels are impor-
tant regulators of hemostasis, other hormonally sensitive fac-
tors are critical to normal endometrial bleeding. Endometrial
stromal cells begin the process of decidualization in the luteal
phase in response to the secretion of progesterone from the cor-
pus luteum. Vascular changes in the luteal phase include prolif-
eration of endothelial cells and coiling of the spiral arteries.
Progesterone also induces the expression of tissue factor (TF)
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Table 1. Vasoactive growth factors with increased expression in fibroid tissue, relative to myometrium.

Expression in Fibroids Relative to Fibroid-Associated Endome-

Factor Receptor Myometrium trial Changes Angiogenic Effects

Basic fibroblast FGFR-1 and Increased expression in fibroids. Increased FGFR-I expres-  Endothelial cell proliferation and
growth factor FGFR-2 ECM acts as a reservoir sion in luteal phase (Ana- chemotaxis (Anania et al’®)
(bFGF) (Mangrulkar et al®?) nia et al”)

Vascular endothelial fit (VEGFR-I) Increased expression in leiomyoma  Unknown Endothelial cell growth,

growth factor and KDR (Okolo et al*® and Lewicka et al®?) proliferation, and maturation
(VEGF) (VEGFR-2) (Ferrara et al®)
Platelet-derived PDGFR-o and  Increased expression of PDGF-CC  Unknown Stimulates VEGF expression
growth factor PDGFR- isoform (Hwu et al®*). (Taniguchi et al®’)
(PDGF) Increased ratio of PDGF/TGF-f in
fibroids (Wolanska et al*®)
Parathyroid PTHIR Increased expression in fibroid Unknown Relaxes vascular smooth muscle
hormone-related (Weir et al®®) (Botella et al®)
protein

Abbreviations: FGFR, fibroblast growth factor receptor; VEGFR, vascular endothelial growth factor receptor; KDR, kinase insert domain receptor PDGFR,
platelet-derived growth factor receptor; PTHIR, parathyroid receptor |; TGF, transforming growth factor. These vasoactive growth factors have increased
expression in fibroid tissue, relative to the surrounding myometrium. They likely play an important role in the vascular changes that contribute to fibroid-related
abnormal menstrual bleeding. The endometrial expression of the receptor for bFGF is abnormally regulated in endometrium from women with fibroids, suggesting
a paracrine effect. There are no known fibroid-associated changes in endometrial VEGF, PDGF, or parathryoid hormone-related protein (see references Man-

grulkar et a|89, Anania et al’®, Okolo et a|29, Lewicka et al®2, Wolanska et a

and plasminogen-activator inhibitor 1 (PAI-1)."°* Both TF
and PAI-1 are mediators of endometrial hemostasis, acting to
prevent hemorrhage within the endometrium by facilitating the
formation of fibrin clots and preventing thrombolysis, respec-
tively.>” In nonfertile cycles, the withdrawal of progesterone
causes a prehemorrhagic environment, due to reduction in TF
and PAI-1, and leads to menstrual bleeding. The withdrawal
of progesterone also increases the expression of matrix metal-
loproteinases (MMPs) which function in proteolysis and facil-
itate menstruation and tissue sloughing.” Interleukin-8 and
macrophage chemoattractant protein 1 are also increased after
progesterone withdrawal and act as chemoattractants for neu-
trophils and macrophages, respectively.’® Estradiol, increasing
at the start of the subsequent menstrual cycle, inhibits MMPs
and stimulates vascular repair and angiogenesis. These actions
stop menstrual blood loss and begin the regeneration of a new
endometrium.”® Estrogen-independent mechanisms, such as
the increase in VEGF in the early proliferative phase, also con-
tribute to the vascular repair necessary to stop menstrual
bleeding.”®

Transforming growth factor 3 functions by increasing cell
proliferation and ECM deposition. Treatment of endometrial
stromal cells with TGF-f3 decreases the expression of factors
in the hemostatic pathway, specifically PAI-1, thrombomodu-
lin (TM), and antithrombin IIT (ATIII).>> Examination of endo-
metrium in women with fibroids showed decreased expression
of PAI-1 and TM, compared with endometrium from women
without fibroids.>> Decreased PAI-1, which acts as an antifibri-
nolytic, predisposes the endometrium to breakdown of fibrin
clots and may contribute to fibroid-associated HMB. Although
PAI-1 acts as a procoagulant, ATIII and TM function as antic-
oagulants; ATIII neutralizes thrombin and TM interacts with
thrombin and reduces its prothrombotic effects. Interestingly

I3°, Hwu et a|84, Ferrara et alss, Taniguchi et aI87, Weir et a

|85, and Botella et a|86)

TM, when bound to thrombin, also has an antifibrinolytic effect
by cleaving thrombin-activatable fibrinolysis inhibitor into its
active form.”” Increased endometrial TGF-B3 in women with
fibroids may alter expression of key mediators of the coagula-
tion/anticoagulation mechanisms in the endometrium. Such
altered regulation has implications in fibroid-associated HMB;
therefore, further research is needed to completely understand
the interactions between TGF-B3 and these factors. Once a bet-
ter understanding of these mechanisms exists, therapeutic tar-
gets may become feasible.

Treatment Options for Fibroids

Fibroid management is largely dependent on the patient’s
symptoms, desire for childbearing, and age. Expectant manage-
ment, medical management, surgical management, and inter-
ventional radiological approaches are all reasonable
approaches; each having pros and cons. Medical management
consists of hormonal and nonhormonal medications aimed to
improve symptoms. Only GnRH agonists are approved for
medical management of fibroids and only in the short term.
Off-label usage of Food and Drug Administration (FDA)-
approved medications for treatment of HMB also provides
options for nonsurgical management. Additional medical
therapies are currently being evaluated in clinical trials to
determine their utility in fibroid therapy. Surgical management
includes hysterectomy, myomectomy, and myolysis. Interven-
tional radiological approaches include uterine artery emboliza-
tion (UAE; also referred to as uterine fibroid embolization) and
MRgFUS. This review will focus on the contemporary man-
agement of fibroids. Table 2 summarizes the current options
available for medical fibroid therapy. Although the current
armamentarium of FDA-approved medical therapies is limited,
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Table 2. Current medical agents for the treatment of uterine fibroids.

Improvement in Reduction
Abnormal Menstrual in Fibroid Bone Vasomotor Monthly Cost
Drug Bleeding Volume Loss Symptoms  Risks (USD)

Current medical treatments for fibroids approved by the US FDA
Steroid synthesis inhibitors

GnRH agonist Yes Yes Yes Yes Bone loss 800-1300
(amenorrhea or (35%-65%
marked reduction in reduction at 3-4
menstrual blood loss) mo)
GnRH agonist + Yes Yes No No 810-1400
estrogen and (92% resolved, 8% (46% reduction at
progestin improved at 24 mo) 24 mo)
GnRH agonist + Yes Yes No No 890-1560
progestin alone (38% resolved, 50% (14% reduction
improved at 24 mo) at 24 mo)
GnRH agonist + Yes Yes No Yes 980-1580
raloxifene (95% amenorrhea (80% reduction
at 18 mo) at 18 mo)
GnRH agonist + Yes Yes Yes Yes Bone loss N/A
tibolone (80% amenorrhea (46% reduction
at 24 mo) at 24 mo)

Medical therapies approved for treatment of heavy menstrual bleeding
Estrogen and
progestin therapy

Combined oral Yes No No No Venous 10-100
contraceptive pill (reduction in days thromboembolism
(E+P) of menstrual flow
from 5.8 to 4.4)
Progestin alone Yes Yes No Yes 90-260
(7%-33% (17% with
reduction) lynestrenol)
Levonorgestrel-releasing intrauterine system (IUS)
Levonorgestrel- Yes Variable No No Expulsion 15-35
releasing intrauterine (up to 45%
system (LNG-IUS) amenorrhea at 3

years, reduced
PBAC score)
Antifibrinolytic therapy

Tranexamic acid Yes No No No May cause fibroid 210
(up to 58% infarction
reduction in
menstrual blood
loss)
Medical therapies currently being evaluated in clinical trials
GnRH antagonists Yes Yes Yes Yes Bone loss 15000-25000
(100% amenorrhea) (25%-40%
reduction at 3
weeks)
Aromatase inhibitors Yes Yes No (at No Ovarian cysts (when 380-1200
(48% reduction in (47% reduction 3 mo) used as monotherapy)
blood loss at 3 at 3 months)
months)
Selective estrogen receptor modulators (SERMs)
Tamoxifen Yes No No Yes Endometrial hyperplasia 50-150

(40%-50% reduction
in blood loss at 6 mo)

Raloxifene No No No Rare 180
(9% reduction at
3 mo, NS)
(continued)
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Table 2. (continued)

Improvement in Reduction
Abnormal Menstrual in Fibroid Bone Vasomotor Monthly Cost
Drug Bleeding Volume Loss Symptoms  Risks (USD)
Progesterone receptor modulators
Mifepristone Yes Yes No Yes Endometrial hyperplasia N/A
(RU486) (63%-100% (26% -74% PAEC
amenorrhea reduction after
at 3-6 mo) 3-6 mo)
Asoprisnil (J-867) Yes Yes No Rare PAEC N/A
(up to 70% (up to 35%
amenorrhea at |2 reduction at 12
wk, dose wks)
dependent)
Ulipristal acetate Yes Yes No No PAEC 200-400
(CDB-2914, (90%-98% with (36%-42 %
ellaOne) normal PBAC score reduction at 13
at 13 wk) wks)
Androgen therapy
Danazol Yes Yes No Rare Androgenic side effects 60-170
(increased (24% reduction (including voice
hemoglobin and at 4 mo) change, acne, and
hemotocrit at 4 mo) hirsutism)
Gestrinone Yes Yes No Rare Androgenic side effects N/A
(amenorrhea at 6 (35% reduction (including voice
mo) at 6 mo) change, acne, and

hirsutism)

Abbreviations: E, Estrogen; P, progestin; PAEC, progesterone receptor modulator associated endometrial change; PBAC, pictorial blood assessment chart; mo,
month; wk, week; NS, not significant; FDA, Food and Drug Administration; GnRH, gonadotropin-releasing hormone; N/A, not applicable. Agents were compared
based on their ability to treat abnormal uterine bleeding, ability to reduce fibroid volume, their effects on bone, and whether vasomotor symptoms are associated
with their use. Clinical effects including improvements in bleeding and reduction in fibroid volume were quantified from referenced studies. Specific risks asso-
ciated with therapeutic agents are highlighted. ** PAEC stands for PRM associated endometrial changes. PAEC may be erroneously diagnosed as endometrial

hyperplasia. Low-dose mifepristone therapy has not been associated with endometrial hyperplasia. Monthly costs in USD were obtained using www.goodrx.com.

there are medications approved for use in HMB which can be
used to treat fibroids and a number of agents currently being
evaluated in clinical trials.

Expectant Management

Asymptomatic women with fibroids, or those who decline
medical or surgical management, can be managed expectantly.
Currently, there is no uterine size at which surgical manage-
ment should be recommended. In the past, hysterectomy was
recommended for women with fibroid uteri greater than
12 weeks size; however, these recommendations have been ree-
valuated and found to be unnecessary.’® Similarly, the rate at
which a fibroid grows was historically used to guide manage-
ment decisions. The median rate of fibroid growth in a recent
prospective study of 72 premenopausal women was 9%
increase in 6 months, and most fibroids do not increase in vol-
ume more than 20% every 6 months.”® Racial differences in
fibroid growth exist. Fibroid growth rates in premenopausal
white women decrease in women older than 45 years, while
growth rates in black women do not decrease until meno-
pause.” Women with rapidly enlarging uterine fibroids (uteri
growing more than 6 weeks gestational size within 12 months)

were thought to be at high risk of leiomyosarcoma and there-
fore recommended to undergo hysterectomy. More contempo-
rary evidence suggests that the rate at which a fibroid enlarges
does not influence the risk of leiomyosarcoma.'®’ Fibroids are
hormonally responsive and therefore regress after menopause
due to cessation of ovarian steroid hormone production. Any
growth in fibroids after menopause requires careful evaluation.

Women with fibroids who are being expectantly managed
should undergo imaging to confirm the diagnosis of fibroids and
avoid misdiagnosis of another pelvic mass. Although no consen-
sus guidelines exist for the monitoring of fibroid growth, regular
pelvic examinations with or without ultrasound imaging are rec-
ommended (the authors monitor fibroid growth every 6-12
months). The addition of ultrasound also allows for assessment
of the ovaries that are often impossible to palpate reliably when
large fibroids distort pelvic anatomy. Ultrasound is a widely
used imaging modality due to its availability and cost-
effectiveness. However, the use of ultrasound is limited in large
(>375 mL) and multiple fibroid (>4)-containing uterus.'”! Mag-
netic resonance imaging is the best imaging modality for detec-
tion of size and localization of fibroids, but its high cost requires
careful patient selection that would benefit most from it. Periodic
laboratory assessments should also be performed to screen for
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anemia and iron deficiency, especially in women with HMB.
Women being expectantly managed should be aware that growth
during this period may increase uterine/fibroid volume to a point
that she may no longer be a candidate for a minimally invasive
surgery when and if the need for surgery should arise.

Medical Management

Current medical treatments for fibroid-related symptoms approved
by the US FDA

Gonadotropin-releasing hormone agonists. GnRH agonists are
currently the most successful medical therapy for fibroids.
They are FDA approved for short-term therapy (3-6 months)
prior to fibroid-related surgery along with iron supplementation
to facilitate surgery and to reduce anemia-related sypmtoms.'*?
They effectively downregulate pituitary GnRH receptors and
cause profound reductions in the production of ovarian steroid
hormones by decreasing follicle-stimulating hormone (FSH)
and luteinizing hormone (LH). The clinical outcome is a state
of amenorrhea and a reduction in uterine and fibroid volumes
by 35% to 65%.'%>1%* This effect is maximal within 3 months
of treatment.'” Gonadotropin-releasing hormone agonists
decrease the production of aromatase in fibroid cells, which
decreases in situ estrogen production and may contribute to
myoma shrinkage.'% Clinical improvements in both abnormal
menstrual bleeding and bulk symptoms are seen with GnRH
agonist therapy.'®” Preoperative GnRH agonist therapy for 3
to 6 months in patients who are planning surgical management
with hysterectomy or myomectomy is beneficial for a number
of reasons. The correction of HMB improves iron deficiency
anemia.'°*'% Reduction in fibroid volume can decrease intrao-
perative blood loss and allow surgeries to be performed via less
invasive incisions.'®"'? Although statistically significant
reductions in surgical blood loss occur with preoperative
GnRH agonist therapy, they are clinically insignificant and the
major hematological benefit comes from improvements in iron
deficiency anemia prior to surgery.'” Reductions in fibroid
volume after GnRH agonist therapy are temporary, as fibroids
return to their pretreatment size within several cycles.''* Draw-
backs to GnRH agonist use for long-term treatment of fibroids
are related to decreased bone mineral density (BMD) as a result
of prolonged hypoestrogenism; therefore, the American Con-
gress of Obstetricians and Gynecologists recommends limiting
use of these agents to 6 months or less without the addition of
add-back therapy.''*

Although clinically effective in correcting abnormal men-
strual bleeding and reducing fibroid volume, the hypoestro-
genic side effects of GnRH agonists—hot flashes, vaginal
dryness, and headaches—often temper benefits. Bone deminer-
alization is another major risk associated with GnRH therapy,
especially with prolonged treatment. Reductions in BMD in
treatment courses shorter than 6 months in duration are rever-
sible with discontinuation of therapy.''> However, prolonged
therapy greater than 6 months in duration is associated with
progressive and irreversible decreases in BMD.!'® In patients
who are being treated during the perioperative period for a

period less than 6 months, GnRH agonists can be safely used
with little risk of long-term detrimental effects on BMD.

Prolonged use of GnRH agonists for more than 3 to 6 months,
the duration approved by the FDA, should be considered off-
label usage, and the hypoestrogenic side effects of these agents
must be minimized or eliminated.''” Add-back therapy is the
addition of pharmacologic agents to a GnRH agonist treatment
regimen with the goal of reducing the hypoestrogenic side
effects of the GnRH agonist while preserving its therapeutic effi-
cacy. Add-back regimens used in the treatment of fibroids have
included progestins alone, estrogens alone, estrogen plus proges-
tin, tibolone, and raloxifene. Add-back therapy is necessary for
any patient with fibroids who is going to be treated with a GnRH
agonist for greater than 6 months to prevent bone loss; however,
any patient who is treated with GnRH agonists and seeks allevia-
tion of hypoestrogenic symptoms should be offered add-back.
Data have been published on the clinical utility of GnRH ago-
nists for treatment of fibroids for up to 2 years.''” Although
add-back therapy is used in other gynecologic conditions treated
with GnRH agonists, such as endometriosis, the unique molecu-
lar characteristics of fibroids require additional thought when
selecting a particular add-back pharmacologic agent.

Because fibroids are sensitive to the effects of both estrogen
and progesterone, the selection of add-back therapy for treat-
ment of fibroids requires special consideration. A randomized
controlled trial (RCT) by Friedman et al examined the effects
of estrogen and progestin versus progestin alone, starting after
3 months of GnRH agonist therapy without add-back and con-
tinuing for 2 years.'!”''® Both add-back regimens were suc-
cessful in treating symptoms of HMB and preventing
hypoestrogenic side effects such as bone loss and vasomotor
symptoms. However, while add-back with estrogen and pro-
gestin preserved reductions in uterine volume until the discon-
tinuation of therapy, add-back with progestin alone allowed for
regrowth of fibroids to near pretreatment size.''’ More women
in the progestin-only group dropped out of the study due to
fibroid regrowth than in the estrogen and progestin groups.
This study demonstrates that add-back with a combination of
estrogen and progestin is superior to add-back progestin alone
for preservation of reduction in fibroid size. Patients with bulk
symptoms due to fibroids who desire long-term GnRH agonist
therapy should therefore be offered a combined estrogen and
progestin add-back regimen.

Additional agents have been used for add-back therapy with
GnRH agonists to prevent bone loss. Selective ER modulators
(SERMs) are nonsteroidal agents that bind to the ER and act as
either an agonist or an antagonist, depending on the tissue in
which they are expressed. Raloxifene is an SERM that is used
to prevent postmenopausal bone loss. It has been studied as an
add-back agent in conjunction with GnRH agonists in women
with fibroids and found to prevent bone loss and preserve (and
possibly increase) reductions in fibroid volume compared to
women treated with GnRH agonists alone.''>'?° Although
other add-back agents have favorable effects on hypoestrogenic
side effects, raloxifene does not improve symptoms of hot
flushes or vaginal dryness. Tibolone is a synthetic steroid with
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estrogenic, androgenic, and progestogenic effects. It is widely
used in Europe for relief of menopausal symptoms, but is not
currently approved by the FDA in the United States. Tibolone
has been used as an add-back agent in conjunction with GnRH
agonists and reduces hypoestrogenic side effects while preser-
ving efficacy in terms of fibroid volume reduction and reduc-
tion in menstrual blood loss.'?""'?* Although these effects are
favorable, the lack of FDA approval of tibolone limits its use
in the United States.

Medical Therapies Approved for Treatment of HMB

Estrogen and progestin therapy. Estrogens and progestins, usually
combined in the form of the oral contraceptive pill, are com-
monly used as the first-line therapy for patients with fibroids
in an attempt to resolve excessive menstrual bleeding.
Although this may temporarily alleviate these symptoms by
causing endometrial atrophy and stabilization, they do not
reduce myoma size.'” In fact, these hormones can stimulate
myoma growth in vitro and therefore should be used with cau-
tion in women with symptoms related to fibroid size (bulk
symptoms). Fibroid cells proliferate in response to both estra-
diol and progesterone in vitro and demonstrate increases in
mitotic activity, growth factor expression, and B-cell lym-
phoma 2 (Bcl-2; an antiapoptotic peptide) expression,'*-'23124

Many studies involving the effect of combined oral contra-
ceptives on fibroids growth have been done in conjunction with
GnRH agonists. Clinical data from several studies treating
women with GnRH agonists have shown that progestin add-
back therapy eliminated some of the reductions in fibroid vol-
ume seen with GnRH agonist therapy alone.'*>'*° In contrast,
combined estrogen—progestin add-back therapy, when used in
conjunction with GnRH agonists, caused no change in myoma
growth. Although data on the use of estrogens and progestins
without the concomitant use of GnRH agonists are limited,
some conclusions can be drawn. Estrogen plus progestin ther-
apy may improve HMB and have minimal effect on myoma
growth.'?”:12® Therefore, while combined OCP’s will not
improve bulk symptoms related to fibroid size, they are inex-
pensive agents that may be used as a first-line therapy in
patients with fibroids and abnormal menstrual bleeding.
Progestin-only treatment of fibroids with depot medroxypro-
gesterone acetate (DMPA) and lynestrenol may improve bleed-
ing parameters and increase hemoglobin with a modest
reduction in fibroid volume.'**"'*! Reductions in fibroid vol-
ume seen in women treated with DMPA and lynestrenol are
in contrast to in vitro data showing increase in fibroid growth
after progestin exposure'?’

Levonorgestrel-releasing intrauterine system. The levonorgestrel-
releasing intrauterine system (LNG-IUS) is a safe and effective
treatment option for HMB. It induces endometrial atrophy, and
clinical data show a significant reduction in menstrual loss
exceeding 90% after 3 to 12 months of use.'*? Its safety profile
and efficacy have resulted in high patient satisfaction, and it
has successfully been used for the management of women with

idiopathic HMB.'** Fibroids that enlarge or distort the uterine
cavity are listed as contraindications to the use of the LNG-IUS
due to an increased risk of expulsion. Despite this contraindica-
tion, LNG-IUS has been studied as potential treatment for
women with fibroids and HMB.!**13?

Premenopausal women with fibroids measuring a maximum
of a 12-week size and without uterine cavity distortion, who
desired the LNG-IUS for contraception, were evaluated in an
RCT (1 group received LNG-IUS, the other did not).'*® Of
these women, 39% had HMB. Women using the LNG-IUS had
significant reduction in menstrual blood loss by 3 months with
increases in hemoglobin and ferritin levels. The amenorrhea
rate was 40% after 12 months LNG-IUS use, and there was also
a significant reduction in fibroid volume.'*® However, some
women may experience unscheduled bleeding episodes during
the course of treatment and removal of the LNG-IUS may be
necessary.'>’

Additional trials have treated women with fibroid uteri less
than 12 weeks size with the LNG-IUS. All trials have shown
improvements in abnormal menstrual bleeding."**'** The
effects of LNG-IUS on uterine and fibroid volumes were vari-
able in these trials, however. Uterine and fibroid volumes
decreased after LNG-IUS treatment in a subset of stud-
jes.!36:138:139.192 Other trials found that uterine and fibroid
volumes were unchanged after treatment.'**'*! Treatment fail-
ure, defined as IUS expulsion or the need for an additional
medical or surgical therapy, occurred in 23% of women. '+
Women with idiopathic HMB (not due to fibroids), treated with
LNG-IUS by the same group of authors, experienced treatment
failure 11% of the time.'*’

These findings suggest that LNG-IUS can lead to significant
improvements in abnormal menstrual bleeding in women with
fibroids. There may be a benefit in terms of reduction in uterine
and fibroid volumes; however, this is more controversial.
Although LNG-IUS therapy fails more in women with fibroids
and HMB than in women with HMB without fibroids, the overall
success rates in women with fibroids remain excellent. Addi-
tional studies are needed to determine whether the LNG-IUS
would benefit women with uterine size greater than 12 weeks.

There are no clinical data demonstrating a significant
increase in fibroid volume in response to the LNG-IUS. This
significantly contrasts with in vitro data, which suggest that
progestins stimulate fibroid growth.'®'>> The reason for this
discrepancy is currently unknown and further investigation is
needed. The LNG-IUS is therefore an excellent option for
women with fibroids and HMB who desire nonsurgical man-
agement. It should not be used as a first-line therapy for women
with significant bulk symptoms as the effects on reduction in
uterine and fibroid size remain unclear.

Tranexamic acid. Tranexamic acid was approved by the US FDA
in 2009 for the treatment of excessive menstrual blood loss in
women with fibroids. It acts to stabilize fibrin clots by inhibit-
ing plasminogen activity. It is a nonsteroidal antifibrinolytic
agent that has been successfully used to treat women with
HMB worldwide."** It effectively reduces the volume of
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menstrual blood loss in women with and without uterine
fibroids.'*> Women having fibroids treated with tranexamic
acid experienced 75 mL reduction in menstrual blood loss from
their baseline.'*® Moreover, other studies demonstrated 44%
and 58% reductions in menstrual blood loss after tranexamic
acid treatment in women with HMB."*¢'%” The drug is well tol-
erated, and despite fears that its antifibrinolytic activity would
lead to formation of venous thromboses, the risk of blood clots
in treated women is not elevated. Infarct-type necrosis and
thrombosis of leiomyoma were seen in 15% of pathological
sections from women with fibroids taking tranexamic acid,
compared to 5% in women not taking the drug.'® These find-
ings suggest that women with fibroids taking tranexamic acid
for the treatment of HMB are at risk of thrombosis of the feeding
vessels of their fibroids and subsequent necrosis. The clinical
manifestations of thrombosed and necrotic fibroids include pel-
vic pain, nausea, malaise, and low-grade fevers. These symp-
toms are similar to those commonly seen after UAE, an
interventional radiology-guided procedure in which the vessels
feeding fibroids are selectively occluded.'*® Although the
ultimate result of this thrombosis and necrosis is regression
of the fibroid, the pain associated can be severe. Clinicians
treating women having fibroids with tranexamic acid for
HMB should therefore be aware that these patients may be
at risk of fibroid necrosis.

Tranexamic acid may have additional benefits in patients
with fibroids. Expression of the coagulation factors PAI-1 and
TM is significantly reduced in endometrial stromal cells in
women with fibroids.*> Expression of these factors is regulated
by TGF-B3, which is overexpressed in uterine leiomyoma. Tra-
nexamic acid may exhibits its hemostatic properties in women
with fibroids by counteracting these TGF-f3 mediated changes
in endogenous coagulation regulation in the endometrium. Fur-
ther investigation is required to test this hypothesis.

Medical Therapies Currently Being Evaluated in Clinical
Trials

Gonadotropin-releasing hormone antagonists. Fibroid and uterine
volumes are reduced in women with symptomatic leiomyomas
treated with GnRH antagonists.'**"'>! Unlike GnRH agonists,
which cause an initial surge of FSH and LH (flare effect) fol-
lowed by the prolonged suppression in FSH and LH, GnRH
antagonists block pituitary GnRH receptors and cause an
immediate decline in FSH and LH. This rapid effect enables
a shorter duration of treatment and a reduction in the duration
of side effects. Although the maximal effect in fibroid volume
reduction requires 3 months of therapy with GnRH agonists,
maximal fibroid volume reduction (25%-40% volume reduc-
tion) takes only 3 weeks with GnRH antagonist therapy and can
be seen as early as 16 days after treatment.***!>° Pituitary func-
tion also rapidly normalizes upon the discontinuation of treat-
ment. Clinical effects of GNRH antagonists are comparable to
those achieved with GnRH agonist therapy, with a significant
reduction in the treatment duration.'>' Vasomotor symptoms
were the most common side effects, and these resolved after

discontinuation of the medication.'*? Further investigations are
needed to determine the safety of prolonged GnRH antagonist
therapy and make recommendations for the timing of add-back
therapy. The cost of GnRH antagonists, in the doses studied,
would currently be prohibitive to mainstream use as a medical
treatment for fibroids, as the estimated monthly cost of treat-
ment ranges from US$15 000 to US$25 000 per month.

Aromatase inhibitors. Aromatase inhibitors directly inhibit ovar-
ian estrogen synthesis and rapidly produce a hypoestrogenic
state. Serum estrogen levels decrease after 1 day of treat-
ment.">® This contrasts with the mechanism of GnRH agonists,
which initially upregulates pituitary receptors, causing an ini-
tial flare-up period with resulting hyperestrogenism, followed
by downregulation of the receptors, and consequent hypoestro-
genism. Fibroids are known to express high levels of aroma-
tase, which suggests that elevated tissue levels of estradiol
within fibroids are at least partly due to endogenous synth-
esis.” 3155 Aromatase inhibitors, including letrozole, anastro-
zole, and fadrozole, have successfully been used for treatment
of fibroids.'>*"1°15% Successful treatment of fibroids with aro-
matase inhibitors in a postmenopausal woman (therefore hav-
ing no ovarian estrogen production) demonstrated that
inhibition of estrogen synthesis locally within fibroid tissue
was sufficient to decrease fibroid size.'’® Premenopausal
women with fibroids treated with letrozole at a dose of 5 mg
daily (standard dose) for 3 months were found to have improve-
ments in menstrual blood loss, reduction in fibroid volume, and
no change in BMD.'® A potential drawback of aromatase inhi-
bitor therapy is that gonadotropin levels are increased in
patients, given these agents at standard doses due to the lack
of estrogen negative feedback in pituitary cells. Elevated gona-
dotropin levels in premenopausal women increase the forma-
tion of follicular ovarian cysts. Indeed, in the trial of women
receiving letrozole at a dose of 5 mg daily, 56% of treated
patients formed ovarian cysts.'>® Patients treated with aroma-
tase inhibitors at standard doses require pituitary suppression
with a GNRH agonist (or antagonist), estrogen, or progesterone
to prevent increase in gonadotropins or face the risk of ovarian
cyst formation due to FSH stimulation. Because these hor-
mones have additional risks and benefits in the management
of fibroids, more data on the effects of aromatase inhibitors
in combination with these agents for treatment of fibroids are
needed. Patients with fibroids treated with low-dose letrozole
(2.5 mg daily) for 3 months showed reduction in fibroid volume
without changes in serum estradiol, FSH, or LH. 159 No ovarian
cysts or hot flushes developed in patients treated with low-dose
letrazole.'”® These findings suggest that low-dose aromatase
inhibitors may be sufficient to treat fibroids without alterations
in gonadotropin levels, thus reducing the risk of ovarian cyst
formation. The effects of long-term aromatase inhibitor therapy
on bone health are not known at this time, and therefore surveil-
lance of BMD is necessary if long-term therapy is considered.

Steroid receptor modulators. Knowing that fibroids proliferate in
response to sex steroids, compounds that influence cellular
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responses to estrogen and progesterone have been investigated
for the treatment of fibroids. The goal of this research was to
identify therapies with clinical effects equivalent to GnRH ago-
nists without hypoestrogenic side effects. Selective ER modu-
lators and selective PR modulators (SPRMs) have been
investigated as candidate drug classes.

Selective ER modulators. Tamoxifen and raloxifene are the 2
SERMs that have been best studied as treatments for fibroids.
Although other SERMs, such as bazedoxifene, have shown
beneficial effects on endometrial tissue, there are no data on
their role in the management of fibroids.

Tamoxifen acts as a partial ER agonist in bone, cardiovas-
cular tissue, and the endometrium. The agonist action in the
endometrium increases the risk of endometrial hyperplasia
and cancer.'®® It has an antagonistic effect on the ER in the
breast and within the central nervous system. A small pro-
spective trial was performed to determine the effect of tamox-
ifen on symptomatic fibroids over a 6-month period. Although
there was no reduction in fibroid size or uterine volume, there
was improvement in menstrual blood loss and pelvic pain.'®!
The side effects in the study group included hot flushes, diz-
ziness, and benign endometrial thickening. The impact of the
negative side effects outweighed the marginal benefits of this
therapy, making its value less effective for the therapeutic
management of fibroids.

Raloxifene, a second-generation SERM, has no agonist
effect on endometrium and subtle antiestrogenic effects.'’!6>
Postmenopausal women with fibroids who were treated with
raloxifene demonstrated significantly decreased uterine and
fibroid volumes.'®> A pilot study examining the effects of
raloxifene on premenopausal women with fibroids noted a non-
significant decrease in fibroid size in the raloxifene-treated
group compared with the control group.'®* A second study
on the effects of raloxifene on 25 asymptomatic premenopausal
women with fibroids showed a nonsignificant reduction in
fibroid volume in the treatment group.'® Only 1 of the 12
women receiving raloxifene in this study complained of hot
flushes, suggesting that vasomotor symptoms are not as com-
monly seen in premenopausal women as they are in postmeno-
pausal women.'® Raloxifene, when used as add-back therapy
in conjunction with GnRH agonists, prevents bone loss while
preserving reductions in uterine and fibroid volumes (see pre-
vious section on GNRH agonist therapy).'?* Raloxifene may
therefore be a potentially useful agent in premenopausal
women with bulk symptoms; however, larger studies are neces-
sary to study the true incidence of vasomotor symptoms in
these women.

Selective PR modulators. Fibroids express high levels of PRs
compared to surrounding normal myometrium and proliferate
in vitro when treated with progestins.'®'!-!*123-124 progester-
one receptor ligands can exert pure agonism, pure antagonism,
or mixed agonist/antagonist activity.'®® The progestin effect of
PR ligands can be assayed by the standard McPhail test (endo-
metrial changes assessed after treatment of estrogen-primed

rabbits) or more contemporary methods that assess in vitro
transcriptional activity'®”-'®3

Mifepristone is a PR ligand with pure antagonist activity
that also has antiglucocorticoid activity.'®® Animal models of
fibroids exist and confirm that fibroid growth is inhibited when
animals are treated with mifepristone.'”® Clinical studies of
mifepristone for the treatment of fibroids have demonstrated
reductions in uterine volume by 27% to 49% and fibroid vol-
ume by 26% to 74%."%'7"!7* A systematic review of the
effects of mifepristone on women with fibroids showed that
75% of women showed improvement in or resolution of pelvic
pain or dysmenorrhea and 91% were amenorrheic.'”* There
was no decrease in BMD in treated women. Hot flushes were
reported in 38% of women and elevations in liver transami-
nases were seen in 4% of women.'”*

Although fibroid volume is reduced and abnormal bleeding
is improved with mifepristone therapy, studies before 2009
raised safety concerns with regard to endometrial effects. In a
study published in 2003, patients treated with 10 mg daily of
mifepristone were found to have a 28% incidence of simple
endometrial hyperplasia without atypia within 6 months of
treatment.'”' The risk of endometrial hyperplasia with mife-
pristone appears dose dependent, as women treated with lower
doses of mifepristone (2.5 mg daily) for 6 months did not have
any endometrial hyperplasia but did show cystic glandular dila-
tion. Cystic glandular changes seem to be a dose-independent
effect of mifepristone, and the absence of cellular atypia and
endometrial hyperplasia with lower doses of mifepristone is
thought to be reassuring.'”> Moreover, these endometrial
changes seen after 6 months of ultra-low dose mifepristone
(2.5 mg) likely represent PR modulator associated endometrial
changes (PAECs). As shown by Mutter et al in 2009, PAEC is a
unique presentation of multicystic endometrium, in which the
glands are lined by incongruous epithelial type, a mixed pattern
of moderately dilated glands. These glands show low or absent
mitotic activity, varying levels of epithelial secretory change,
occasional pseudodecidual change, and they lack fibrin
thrombi or stromal breakdown.'”® Short-term follow-up studies
indicate that the PAEC is reversible.'® However, additional
long-term safety studies involving the use of low-dose mife-
pristone are needed before reevaluating the utility of these
agents for treatment of fibroids.'”” Mifepristone is currently
not approved by the US FDA for the treatment of fibroids.

Selective PR modulators exhibit agonist and antagonist
activities with a high degree of PR specificity and tissue selec-
tivity.'”®!"® Asoprisnil (J-867), ulipristal acetate (CDB2914,
VA2914, or ellaOne), and telapristone (CDB4124 or Proellex)
are SPRMs that exert antiproliferative, proapoptotic, and anti-
fibrotic actions on leiomyoma cells in a cell-type specific man-
ner.'3%18% Asoprisnil modulates the ratio of PR isoforms (PR-A
and PR-B), suppresses expression of growth factors, angio-
genic factors, and their receptors in fibroid cells, and induces
apoptosis by activating the mitochondrial and tumor necrosis
factor-related apoptosis-inducing ligand pathways.12 Asopris-
nil also suppresses types I and III collagen synthesis by modu-
lating ECM-remodeling enzymes in cultured leiomyoma cells
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without affecting myometrial cell ECM.'> These molecular
findings parallel the clinical effects of asoprisnil identified in
several studies. Women with fibroids treated with asoprisnil
had significant reduction in fibroid size and pressure symp-
toms, diminished menstrual bleeding, increased hemoglobin
levels, and an amenorrhea rate of 80%.!7° Bone metabolism,
assessed by urine and serum markers of bone turnover, was
unchanged after treatment.'”® In addition to their favorable
effects on uterine bleeding profiles, fibroid size, bone metabo-
lism, and endometrial histology, SPRMs are well tolerated.
Treatment with asoprisnil also decreased uterine artery blood
flow.'®> Vasomotor symptoms were seen in up to 10% of
women treated with asoprisnil, while no women in the
placebo-treated group complained of these symptoms. Simple
ovarian cysts were seen in 8% of women treated with asopris-
nil. All cysts resolved spontaneously.'”

Ulipristal acetate has also been used clinically for the treat-
ment of fibroids with excellent results. Small RCTs comparing
ulipristal acetate to placebo have shown reduction in fibroid
volume and decrease in menstrual blood loss in women treated
with ulipristal acetate.'®*'®” In a recent noninferiority trial
comparing the effects of ulipristal acetate to the GnRH agonist
leuprolide acetate in more than 300 women with fibroids,
women receiving ulipristal acetate for 13 weeks had reductions
in uterine bleeding who were similar to those women receiving
leuprolide with a more rapid time to amenorrhea and lower
incidence of hot flushes.'> In a separate RCT including more
than 200 women with fibroid-related anemia, Donnez et al
showed that ulipristal acetate also reduced uterine bleeding,
improved hemoglobin values, and reduced fibroid volume, and
improved self-report pain scores when compared to placebo.'®
Treatment with ulipristal acetate did not affect serum estradiol
values and the incidence of hot flushes was similar in ulipristal
acetate and placebo-treated women (<3% overall).'®

Although endometrial hyperplasia can occur in women
treated with the antiprogesterone mifepristone (in a dose-
dependent fashion), endometrial proliferation was not
increased by asoprisnil in human trials.'”® In fact, SPRMs may
have an inhibitory effect on endometrial growth, as in vitro
studies show decreased proliferation in cultured endometrial
cells following treatment.'™® Clinically, the endometrial thick-
ness, assessed by transvaginal ultrasound in women treated
with SPRMs, is unchanged or decreased.'®!'”® Histologically,
the effects of SPRMs on the endometrium are unique and it
is critical for gynecological pathologists to be aware of these.
Treatment with asoprisnil for 3 months results in weakly secre-
tory endometrial glands with little to no mitotic activity and
stromal changes varying from compaction to focal predecidua-
lization. As discussed earlier, these endometrial changes are
now classified as nonphysiologic secretory effects associated
with the PAEC.'**'® PR modulator associated endometrial
changes were seen after 13 weeks in women treated with uli-
pristal acetate; however, when endometrial sampling was
repeated 6 months after completion of treatment the endome-
trial changes had resolved, showing that these changes are
reversible.'®!%°

Treatment of SPRM seems to offer safe and well-tolerated
most effective conservative measure for symptomatic uterine
myoma. There are no studies to date evaluating its effect on fer-
tility outcomes in women with uterine myoma. Larger, long-
term studies assessing the safety and efficacy of SPRMs for the
treatment of fibroids are ongoing. As more women are treated
with these promising agents, gynecological pathologists need
to become familiar with PAEC to avoid mislabeling these
changes for endometrial hyperplasia.

Androgen therapy. Danazol is a testosterone derivative that acts
in the pituitary, ovary, and endometrium to cause a hypoestro-
genic state. It inhibits pituitary gonadotropin secretion and
ovarian steroid production, with suppression of endometrial
growth and suppresses the production of sex hormone-
binding globulin. Although the effects are primarily andro-
genic, it has moderate progestogenic, antiprogestogenic, and
antiestrogenic properties. Danazol therapy in women with
fibroids effectively decreased myoma volume by 24% to
38% and increased hemoglobin concentrations within 4 to 6
months of therapy.'' The effect was not dose dependent, as
doses of 100 to 400 mg/d produced similar results of sympto-
matic improvement. There is a paucity of data to explain the
molecular mechanism responsible for the reduction in fibroid
volume and menstrual bleeding. Further studies may help to
explain the molecular pathways that likely regulate the hormo-
nal and vascular effects responsible for the efficacy of danazol
therapy on symptomatic leiomyoma.

Gestrinone is a synthetic steroid, a derivative of ethinyl-
nortestosterone, which has antiestrogenic and antiprogesto-
genic properties similar to danazol. Treatment of women with
fibroids with gestrinone results in a hypoestrogenic state due to
feedback in the pituitary and reduction in gonadotropin secre-
tion. The clinical effects of gestrinone treatment on fibroids are
reduction in myoma volume and amenorrhea.'**'** It may be
administered orally or vaginally in doses of 2.5 to 5 mg 2 to 3
times weekly for 4 to 24 months. In contrast to danazol, its effi-
cacy is maintained for 18 months in patients who discontinued
therapy after 6 months.'®> Although a distinct advantage over
danazol, this therapy is not available in the United States.

The androgenic side effects of danazol and gestrinone often
preclude their use. These include weight gain, edema,
decreased breast size, acne, oily skin, hirsutism, hepatocellular
changes, hot flushes, headache, and muscle cramps. The most
significant side effect, which may limit their use to a maximum
of 6 months, is an irreversible deepening of the voice.

Growth Factor Modulators: Emerging Treatments

Growth factors, in conjunction with hormonal stimuli, cause pro-
liferation and result in a variety of negative clinical symptoms of
fibroids. Understanding of the molecular interactions between
these growth factors and surrounding normal uterine tissue has
increased greatly in the last decade. Novel medical therapies tar-
geting specific growth factors are being investigated for the
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treatment of fibroids. These therapies, if shown to be safe and
effective, may revolutionize the treatment of fibroids.

Because fibroids contain an abundance of ECM and pro-
liferate more than adjacent myometrium, regulators of ECM
proliferation are attractive targets for fibroid therapy. Trans-
forming growth factor B3 increases the expression of many
individual components of ECM, including fibronectin, ver-
sican variants, collagen, connective tissue growth factor,
and fibromodulin.*?3:7>:195-19¢ Transforming growth factor
B3 also decreases the expression of MMPs that degrade
ECM.**!""7 Treatment of cultured fibroid cells with TGF-B
induces the production of ECM, and blockade of TGF-f
activity decreases ECM production.”>'”® Therapies that tar-
get TGF-p or counteract its activity are being developed for
the treatment of fibroids. Pirfenidone is an antifibrotic agent
that has been used clinically for the treatment of pulmonary
fibrosis.'”” When studied for its potential use in pulmonary
fibrosis, pirfenidone was found to decrease TGF-B production
in response to stimuli that increase its expression.? It also
decreases the expression of procollagen genes, known to
function in ECM production.””' In vitro treatment of cultured
fibroid cells with pirfenidone inhibits the production of col-
lagen types I and III and decreases cell proliferation.'®’
Although these effects are promising, human clinical trials
examining the effects of pirfenidone on pulmonary fibrosis
showed significant amounts of adverse effects such as nau-
sea, photosensitive rash, and fatigue.zo2 These side effects
may prevent the routine use of pirfenidone for the treatment
of fibroids.

Additional agents that modulate TGF-J3 signaling in fibroids
have been studied. SB-525334 is a synthetic molecule that inhi-
bits the type I TGF-B receptor kinase.?’> Eker rats are predis-
posed to formation of fibroids due to mutations in the
tuberous sclerosis gene TSC-2.2%* Treatment of Eker rats with
SB-525334 significantly decreased the incidence, multiplicity,
and size of fibroids in these animals.>*® Unfortunately, treat-
ment with SB-525334 results in proliferation and decreases
apoptosis in renal epithelial cells and therefore stimulated the
growth of renal cell carcinomas in these rats.’®> The effects
of SB-525334 provide an excellent example of the risks asso-
ciated with the systemic administration of therapies targeting
growth factors with expression in multiple organs. Therapeutic
targeting of additional factors that target TGF-f signaling may
result in reduction in fibroid size without adverse systemic
risks. Local, rather than systemic, administration of growth fac-
tor modulators may also improve safety profiles.

Because it acts as a proangiogenic factor and a growth fac-
tor, bFGF is particularly appealing target for the treatment of
both fibroid-related bleeding abnormalities and bulk symp-
toms. Interferons (IFNs) are a family of proteins that are known
to block the synthesis and action of fibroblast growth fac-
tors.”*> Treatment of myometrial and fibroid cells with IFN-o
inhibited proliferation in response to bEGF>°®. Interferons are
also potent antifibrotic agents and inhibit TGF-f and collagen
synthesis in fibroblasts.>?” Interestingly, a patient treated with
IFN-o to treat hepatitis for 6 months showed persistent

reduction in fibroid volume by 50%.%°% Interferon o is
approved in the United States for the treatment of hepatitis
C, melanoma, condyloma, and Kaposi sarcoma.”’ Although it
is appealing for the medical management of fibroids, side
effects may preclude its use. Common side effects include
fever, headache, myalgias, arthralgias, and fatigue. Less com-
mon, but severe, side effects include bone marrow suppression,
induction of autoimmune disorders (ie, thyroiditis), and pul-
monary fibrosis.?”” The side effects of IFN are time limited;
however, clinical reduction in fibroid volume may be long last-
ing. The safety of IFN-a therapy in pregnancy is unclear (US
FDA pregnancy category C) due to a lack of large prospective
studies.?'® Animal studies do not show evidence of teratogeni-
city; however, concerns exist regarding the potential for intrau-
terine growth restriction. Data on the safety of IFNs in
pregnancy are limited to case reports and small case
series.?'*?!! Although no major adverse events have occurred
in offspring inadvertently exposed to IFN in utero, IFN therapy
should not be offered to pregnant women or those planning to
become pregnant. Additional studies of this agent for its use in
the treatment of fibroids are ongoing.

Many growth factors, including those important in angio-
genesis and cell proliferation, bind heparin. Heparin antago-
nizes the activity of heparin-binding growth factors by
sequestration.?'??!® Heparin inhibits fibroid cell proliferation
in cell culture.*'*?'> Because it also acts as an anticoagulant,
heparin is not an ideal candidate for fibroid therapy as it
would exacerbate HMB. Heparin-like molecules, without
anticoagulant effects, exist and can inhibit angiogenesis and
cell proliferation.?'® These heparin analogs, such as RG-
13577, inhibit proliferation of fibroid cells in vitro.'”® There
are no human trials examining the effects of these heparin
analogs on fibroids. The safety profile of these medications
is unknown and therefore they are not currently available for
use in fibroid treatment.

Thiazolidinediones act by binding the nuclear peroxisome
proliferator-activated receptor y (PPAR-y). Rosiglitazone and
pioglitazone are thiazolidinediones that are approved for the
treatment of type 2 diabetes mellitus. Treatment results in
increased insulin sensitivity and decreased circulating insulin
levels. These compounds also inhibit angiogenesis by decreas-
ing VEGF levels.?'” Fibroids express PPAR-y at greater levels
than normal myometrium.*'® Treatment of fibroids cells with
PPAR-y agonists resulted in decreased estradiol-induced cell
proliferation.?'® Safety concerns have emerged regarding the
thiazolidinediones. Troglitazone, another thiazolidinedione,
was removed from the market in the United States due to con-
cerns over hepatotoxicity. Fluid retention and edema are also
commonly seen with thiazolidinedione treatment and these
medications must therefore be used with caution in patients
with congestive heart failure as they can worsen this condition.

A number of additional growth factor modulating therapies
are currently being investigated for potential use in the treat-
ment of fibroids. Halofuginone is an antiprotozoal agent that
inhibits collagen production and angiogenesis.**° It is currently
being investigated for use in a number of fibrotic disorders.
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Low doses of halofuginone significantly inhibited myometrial
and fibroid cell proliferation in culture.'”® Human toxicity of
this agent is currently unknown; however, skin fragility was
seen in chickens treated with high doses of the drug.'® Trani-
last is a mast cell inhibitor used in the treatment of asthma that
also has inhibitory effects on collagen production from fibro-
blasts and vascular smooth muscle cells.”*'*** When fibroid
cells are treated with tranilast, proliferation decreases but there
is no change in collagen deposition.?** Side effects of Tranilast
include elevations in liver function tests, fatigue, and eosino-
philic cystitis. Additional studies are necessary before tranilast
is recommended for treatment of fibroids.

Other Medical Treatments

Vitamin D. Vitamin D is a steroid hormone with diverse modu-
latory effects on bone metabolism, the cardiovascular system,
the immune system, and the endocrine system. Within the last
decade, numerous animal studies have evaluated the effect of
vitamin D and its biologically active metabolite, 1,25-
dihydroxyvitamin D3, on the reproductive system. In an in
vitro study, 1,25-dihydroxyvitamin D3 treatment decreased the
expression of proliferation and antiapoptosis markers PCNA
(proliferating cell nuclear antigen), CDK1 (Cyclin-dependent
kinase 1), ERK (extracellular-signal-related kinases), and Bcl-2
and reduced the growth rate of immortalized human fibroid
cells. 2242 Moreover, treatment of human fibroid cells with
1,25-dihydroxyvitamin D3 suppressed production of TGF-f33-
induced fibronectin and collagen and regulated MMP expression,
suggesting it has antifibrotic properties.”****’ The beneficial
effects of vitamin D were also demonstrated in a rat model of
fibroid disease, in which 1,25-dihydroxyvitamin D3 treatment
reduced fibroid size by 75% without significant side effects.”*®

Observational studies in women demonstrated the associa-
tion of vitamin D deficiency with uterine fibroids. In a cross-
sectional study in 154 premenopausal women, lower serum
concentrations of 25-hydroxyvitamin D was found in women
with fibroids compared to the control group without fibroids.
Furthermore, the vitamin D concentrations were inversely cor-
related with the fibroid volume in women with the disease.?*
In a separate case—control study, 128 women with fibroids were
more likely to have vitamin D deficiency compared with the
256 women in the control group. (OR 2.4, 95% CI 1.2-
4.9)° Larger series showed that women with sufficient serum
25-hydroxyvitamin D levels had an estimated 32% lower odds
of having fibroids compared with women with vitamin D insuf-
ficiency(OR 0.68, 95% CI 0.48-0.96).>' Although vitamin D
has the potential to be a safe, effective therapeutic agent, ran-
domized controlled clinical trials are needed before it emerges
as a clinically viable option.

Green tea extracts. Epigallocatechin gallate (EGCG), a major
green tea ingredient, is a biologically active bioflavonoid with
antioxidant and anti-inflammatory effects.****** Treatment
with EGCG has been shown to reduce the growth of immorta-
lized human fibroid cells through the regulation of PCNA,

CDK4, Bcl-2, and BAX. Similar effects have been observed
in rat fibroid cells in vitro. Moreover, orally administered
EGCG has been shown to shrink subcutaneous fibroid lesions
in immune-compromised mice.”***** In a randomized con-
trolled study, EGCG treatment reduced fibroid volume by
32.6%, reduced menstrual blood loss, and increased hemoglo-
bin levels compared to pretreatment levels.>*® Epigallocatechin
gallate may emerge as an innovative oral therapy with minimal
side effects.>*>?3” Further studies are needed to delineate the
molecular mechanisms, safety, and clinical effectiveness of
green tea extracts.

Gene therapy. Over the last decade, gene therapy using viral
vectors have been extensively investigated for the treatment
of cancers and other metabolic diseases. Adenoviral vectors
have emerged as popular and potentially safe vectors for gene
therapy. The localized nature of fibroids makes them attractive
targets for delivery of genetic material.>>® The suppressive
effect of adenoviral vectors carrying dominant negative ERs
(Ad-DN-ERs) on the growth of human fibroid cells has been
shown by Hassan et al. Dominant negative ERs form heterodi-
mers with the wild-types ER-o and ER-f and suppress the tran-
scriptional activity of these endogenous receptors. The
suppression of ER receptors ultimately results in increased
apoptosis, decreased cell growth, and fewer PRs.>*’ In a sepa-
rate study, transfection of rat and human fibroid cell lines with
Ad-DN-ER substantially reduced cell proliferation and
increased apoptosis in vitro. Upon transplantation into nude
immunodeficient mice, Ad-DN-ER-transfected rat fibroid cells
formed substantially smaller tumors compared with the control
(Ad-LacZ-transfected) cells. Moreover, injection of Ad-DN-
ER vectors arrested tumor growth and decreased fibroid size
in the preexisting tumors.>**?*' Similarly, vectors utilizing the
herpes simplex virus thymidine kinase (Ad-HSVITK/GCV)
vector followed by ganciclovir treatment resulted in substan-
tially decreased fibroid volume in a rat model.*** Fibroid cells
transfected with Ad-HSVITK/GCV express viral thymidine
kinase, which converts ganciclovir to its toxic metabolite.
Although only a fraction of fibroids cells were transfected with
Ad-HSVI1TK/GCV, the toxic metabolites of ganciclovir dif-
fused to adjacent fibroid cells through gap junctions and
arrested cell growth. The impact of transfection is significantly
enhanced as a result of this so-called bystander effect.>**-*44
Further studies demonstrated that adenoviral fiber proteins can
be modified to increase transfection efficacy.**>**’Gene ther-
apy is promising and may emerge as a viable clinical option for
the treatment of fibroids. Further studies will help to delineate
its safety and efficacy in humans.

Surgical Management

Hysterectomy. The definitive treatment for symptomatic uterine
fibroids is hysterectomy. Approximately 250 000 hysterec-
tomies are performed in the United states each year for the
treatment of fibroids.>*® Although the total number of hysterec-
tomies has remained stable over the past decade, the proportion
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of hysterectomies being performed for fibroids has
decreased.?' This is likely due to the emergence of alternatives
to hysterectomy for the treatment of fibroids. Despite the
increasing availability of alternative treatments, and after con-
sideration of a patient’s age, childbearing wishes, and associ-
ated symptoms, hysterectomy remains an excellent option for
treatment of fibroids in select patients. Hysterectomy can be
performed by a variety of surgical approaches, including
abdominal, vaginal, laparoscopic (total laparoscopic- and
laparoscopic-assisted vaginal hysterectomy), and robotic. Each
of these approaches has advantages and disadvantages that
must be weighed by the surgeon and patient when planning sur-
gery. Factors that influence the route of hysterectomy include
the size and shape of the uterus and vagina, accessibility to the
uterus, presence of extrauterine disease, surgeon experience
and training, hospital equipment, and, ultimately, the prefer-
ence of the informed patient.®* Clinical manifestations of
fibroids such as HMB and dysmenorrhea and bulk symptoms
such as pain, pressure, urinary, and gastrointestinal complaints
are greatly improved following hysterectomy. Additional
quality-of-life measures, such as depression and anxiety, are
significantly improved following hysterectomy.>**>' Hyster-
ectomy carries a risk of injury to adjacent pelvic structures,
such as the urinary tract and bowel, and postoperative vesi-
covaginal fistula formation. The risk of complications from
hysterectomy varies depending on the route in which it is
performed.

In general, vaginal hysterectomy is superior to other routes
in terms of patient outcomes, cost, and risk of injury.?*%-*3233
Compared with vaginal hysterectomy, abdominal hysterect-
omy is associated with increased risk of complications, febrile
morbidity, and need for blood transfusions.?>* Even when com-
paring outcomes of abdominal versus vaginal hysterectomy in
patients with enlarged uteri, the vaginal route was associated
with decreased operative time, less febrile morbidity, reduced
postoperative narcotic use, and shorter duration of hospital
stay.?>> When uteri are enlarged, as is commonly seen in
patients with fibroids, vaginal hysterectomy can often be com-
pleted successfully using uterine volume reducing techniques
such as wedge morcellation, coring, and uterine bisection.

When a hysterectomy cannot be performed vaginally, the sur-
geon and patient must decide between abdominal and laparoscopic
approaches. Laparoscopic hysterectomy has benefits over abdom-
inal hysterectomy including reduced hospital stay, decreased
intraoperative blood loss, faster recovery, and reduction in wound
complications. These benefits must be weighed against the
increased cost, operating time, and risk of urinary tract injury
associated with laparoscopic hysterectomy when compared
to abdominal hysterectomy.*>> Robotic assistance during laparo-
scopy is being utilized more frequently in surgery for benign
gynecologic disease, such as hysterectomy. A recent review of
robotic surgery for benign gynecologic conditions found that out-
comes, complication rates, and duration of hospital stay were sim-
ilar between conventional laparoscopic surgery and robot-
assisted laparoscopy.>>® Robotic assistance, in the trials included
in this review, did not improve clinical outcomes or safety.

Myomectomy. Uterine conserving options exist for women who
have not completed childbearing or wish to retain their uterus.
Myomectomy, via an abdominal, laparoscopic, or hysteroscopic
approach, surgically removes fibroids from the surrounding
myometrium. Myomectomy leads to clinical improvements in
abnormal menstrual bleeding, pain, dysmenorrhea, and pressure
symptoms. Myomectomy can serve a dual purpose in patients
with HMB and infertility. Abnormal menstrual bleeding symp-
toms are improved after myomectomy and reproductive outcomes
are improved in women undergoing ART after myomectomy.>*’
The choice of route of myomectomy depends on the location of
the fibroids within the myometrium. Fibroids can be classified
according to the European Society of Hysteroscopy system.
Type 0 fibroids are pedunculated submucosal myomas. Type
I fibroids are submucosal myomas that extend less than 50%
into the myometrium. Type II fibroids are submucosal myomas
with greater than 50% extension into the myometrium.>>’ Type
0 and Type I fibroids can be removed hysteroscopically. Type
11 fibroids should be removed abdominally or laparoscopically,
depending on surgeon experience. Only hysteroscopic sur-
geons with advanced training should attempt removal of type
II fibroids hysteroscopically.

Patients considering myomectomy should be counseled
about the immediate (perioperative) and long-term risks of the
procedure. Immediate risks of myomectomy include bleeding,
anemia, need for blood transfusion, injury to adjacent pelvic
organs, postoperative ileus, and conversion to hysterectomy
related to intraoperative complications. Long-term complica-
tions must also be addressed. Fibroids have a recurrence rate
of approximately 10% at 5 years and 27% at 10 years following
abdominal myomectomy; up to 1/3 of those with recurrence
will undergo hysterectomy.?****>? The recurrence rate is higher
after laparoscopic myomectomy than after abdominal myomect-
omy, presumably because smaller fibroids cannot be palpated
intraoperatively and are left in situ.®® Recurrence after laparo-
scopic myomectomy may be as high as 50%.2¢' Recurrence rates
are higher after multiple fibroids are removed than when a soli-
tary fibroid is excised.?*> Adhesion formation is common after
myomectomy, especially when multiple fibroids are excised.
Scarring of the interstitial portion of the fallopian tube can
impair postoperative fertility, thus extreme care must be taken
to avoid anatomic distortion in this portion of the uterus. Patients
who conceive after myomectomy are at an increased risk of
spontaneous uterine rupture during gestation and intrapartum
uterine rupture. The absolute risk of uterine rupture following
myomectomy is low, with estimates as high as 0.24%.2% The
risk may be higher after laparoscopic myomectomy, compared
with abdominal myomectomy as closure of myometrial defects
is technically more challenging during laparoscopic myomect-
omy.?** Because of the risk of uterine rupture following myo-
mectomy and the catastrophic outcomes that can occur as a
result, patients who have extensive myometrial dissection or a
breach in the endometrial cavity during myomectomy are gener-
ally recommended to undergo cesarean delivery.

Myolysis is a laparoscopic approach in which fibroids are
destroyed by electrocautery, cryotherapy, or laser.?®3-2¢7
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Outcomes after myolysis are sparse, and uterine ruptures have
been seen during subsequent pregnancy.?®® At the current time,
myolysis is not recommended for women who desire future
childbearing.*®’

Uterine artery embolization. Uterine artery embolization is a pro-
cess in which a transarterial catheter is introduced, under
fluoroscopic guidance, into the uterine arteries where emboli-
zation material (such as polyvinyl alcohol particles) is injected
to occlude the vessel. This technique is performed by interven-
tional radiologists and has been used for the control of massive
pelvic hemorrhage for many years. The procedure was first
used for the treatment of fibroids in 1995.%7° The goal of treat-
ment is to reduce fibroid blood flow, which results in infarc-
tion. It has since gained popularity for the treatment of
symptomatic fibroids in women who do not desire surgery.
When the procedure is performed by experienced radiologists,
short-term outcomes are favorable. Abnormal menstrual bleed-
ing, dysmenorrhea, and bulk symptoms are all improved fol-
lowing UAE.?”" Uterine volume also decreases 35% to 60%
after UAE.?’? Although these clinical improvements are
impressive, UAE is not free of side effects or complications.
Most patients having UAE experience “postembolization syn-
drome” that consists of pelvic pain, cramping, low-grade fever,
fatigue, leukocytosis, nausea, vomiting, and malaise.*”> These
symptoms typically resolve within 48 hours. Patients are often
admitted to the hospital after UFE for management of postem-
bolization syndrome. More severe complications of UFE such
as uterine necrosis and sepsis are less common, but potentially
life threatening.""*

The outcomes of UAE have been compared to outcomes after
hysterectomy and myomectomy in a number of trials.***’* Com-
pared to patients undergoing hysterectomy, patients having UAE
had significantly shorter hospital stays and were able to return to
work sooner.””> However, readmission rates were higher in
patients undergoing UAE. Long-term outcomes after UAE are
notable for a significantly higher number of repeat interventions
in patients who had undergone UAE compared to those who had
undergone hysterectomy.?>*’* This is not unexpected since
women who have undergone hysterectomy are no longer at risk
of fibroid recurrence. Comparison of UAE and myomectomy
outcomes offers a better result, as both treatments allow patients
to retain their uteri. Reoperation for symptomatic fibroids after
UAE is required approximately 30% of the time, compared to
3% to 6% of the time following myomectomy.''* Hysterectomy,
myomectomy, and repeat UAE are treatment options at the time
of reoperation.

Uterine artery embolization is not recommended for women
who wish to preserve fertility, as adverse pregnancy outcomes
and diminished ovarian reserve have been reported following
the procedure.''* Case series of pregnancy outcomes after UAE
are concerning for elevated rates of abnormal placentation,
such as placenta previa and placenta accreta following UAE.?”
The impact of UAE on ovarian reserve is currently unclear.
Because of the extensive collateral circulation networks that
exist in the uterus, the passage of polyvinyl alcohol particles

into the ovarian vasculature is possible. Ovarian failure is a the-
oretical risk of embolization of these vessels. Indeed, data exist
showing a decrease in ovarian function and an increased risk of
ovarian failure following UAE.*’® Rates of ovarian failure,
defined as FSH levels greater than 40, in the 12 months follow-
ing UAE were similar to rates of ovarian failure after hysterect-
omy with ovarian conservation (11% vs 18%, respectively).>”’
Apart from the risk of ovarian failure, studies have shown det-
rimental effects of UAE on the endometrium. In a study by
Mara et al, 59% of women in the group who had undergone
UAE had endometrial abnormalities, such as tissue necrosis,
intrauterine synechia, and fistula between the endometrium and
the necrotic fibroids.>’® Additionally, myomectomy was asso-
ciated with better pregnancy outcomes compared to UAE in
women with fibroids.>”® In conclusion, women planning child-
bearing should not be counseled to undergo UAE because of
the detrimental effects on ovarian function and on the endome-
trium and the increased incidence of adverse pregnancy out-
comes associated with the procedure.

Laparoscopic UAE. Laparoscopic UAE (L-UAE) is a technique
in which the uterine arteries are clamped with endoclips and the
uteroovarial ligaments are coagulated bilaterally. The advan-
tages of L-UEA are laparoscopic assessment of the pelvis and
abdomen, avoiding the use of foreign bodies like polyvinyl
alcohol particles and less postoperative pain.”*® Moreover, the
risk of abnormal endometrial changes like necrosis of the uter-
ine cavity was significantly less after L-UAE compared to
UAE.*®! However, UAE was more successful in reducing the
mean uterine volume and the rate of recurrent symptoms.*°
Additionally, L-UAE requires general anesthesia and an expe-
rienced surgical team. Laparoscopic UAE is not currently sug-
gested as a routine treatment modality for the treatment of
uterine fibroids.

Magnetic resonance imaging-guided high-frequency focused ultraso-
nography. Focused high-intensity ultrasound therapy results in
protein denaturation, coagulative necrosis, and irreversible cell
damage.'"* Focused high-intensity ultrasound has been used
for the successful treatment of breast, prostate, and liver
tumors. In 2004, the FDA-approved GE Exablate 2000
(Insightec, Dallas) for MRgFUS as a treatment option for
fibroids. A series of 109 patients treated with MRgFUS for
fibroids had modest reductions in fibroid volume but
demonstrated significant quality-of-life improvements fol-
lowing treatment.”> These improvements were temporary,
however. Although 71% of women had symptom reduction
6 months after treatment, only 51% had symptom reduction
at 12 months.”> Because MRgFUS is a new technique, it is
currently recommended only for women with symptomatic
fibroids who have completed childbearing. However, a case
series reporting pregnancy outcomes in 51 women who have
conceived following MRgFUS showed no significant adverse
pregnancy outcomes attributable to the procedure.** Side
effects of the treatment included heavy menses, skin burns,
nausea, and 1 case of transient sciatic nerve dysfunction.
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Although this technique represents a novel and noninvasive
treatment strategy for women with symptomatic fibroids, addi-
tional data are necessary before the technique is widely
adopted.

Conclusion and Future Directions

Fibroids are highly prevalent in women of reproductive age,
and many of these women experience symptoms. These hor-
monally responsive tumors cause AUB, anemia, pelvic pain,
dysmenorrhea, and reproductive dysfunction. Classically,
symptoms related to fibroids were thought to be related to
increased endometrial surface area, vascular compression caus-
ing venule ectasia, and interference with gamete and embryo
transport. Although these mechanisms likely contribute to
fibroid-related symptoms, contemporary evidence shows that
aberrantly regulated growth factors also play an important role
in the pathogenesis of fibroid-related HMB and reproductive
dysfunction. Many treatment options exist for medical manage-
ment of fibroids, each with pros and cons. A number of agents
are currently being evaluated in clinical trials and show great
promise, especially the SPRMs. Increasing understanding of
the risk factors, causes, and pathogenesis of fibroids may lead
to development of new prevention and treatment strategies.
The role of stem cells in the pathogenesis of fibroids has only
recently been elucidated. Innovative medical treatments target-
ing the abnormal intracellular pathways within the fibroid stem
cells may reduce the growth of fibroids before they become
clinically significant. Medical therapies targeting the detrimen-
tal effects of fibroids on endometrium have the potential to
decrease symptoms, greatly increase patient satisfaction, and
increase the success of rate of infertility treatments. As further
understanding of abnormal regulation of growth factors in
fibroids is gained, pharmacologic manipulation of these factors
will likely become a valuable tool in the nonsurgical treatment
of this common public health problem. Finally, gene therapy
emerges as a promising venue for fibroid research.

Authors’ Note

LD, LM, DS, and HT (all authors) conceptualized the review. LD,
LM, and DS performed the literature review and analysis. LD, LM,
and DS contributed to the manuscript preparation. HT and LD revised
the manuscript. All authors approved the final version of the
manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship,
and/or publication of this article.

References

1. Ezzati M, Norian J, Segars J. Management of uterine fibroids in
the patient pursuing assisted reproductive technologies. Womens
Health (Lond Engl). 2009;5(4):413-421.

10.

11.

12.

14.

16.

17.

18.

19.

. Payson M, Leppert P, Segars J. Epidemiology of myomas. Obstet

Gynecol Clin North Am. 2006;33(1):1-11.

. Buttram VC, Reiter RC. Uterine leiomyomata: etiology, sympto-

matology, and management. Fertil Steril. 1981;36(4):433-445.

. Marshall LM, Spiegelman D, Barbieri RL, et al. Variation in the

incidence of uterine leiomyoma among premenopausal women by
age and race. Obstet Gynecol. 1997;90(6):967-973.

. Olive DL, Pritts EA. Fibroids and reproduction. Semin Reprod

Med. 2010;28(3):218-227.

. Cardozo ER, Clark AD, Banks NK, Henne MB, Stegmann BJ,

Segars JH. The estimated annual cost of uterine leiomyomata in
the United States. Am J Obstet Gynecol. 2012;206(3):211.
e211-e219.

. Viville B, Charnock Jones DS, Sharkey AM, Wetzka B, Smith

SK. Distribution of the A and B forms of the progesterone recep-
tor messenger ribonucleic acid and protein in uterine leiomyo-
mata and adjacent myometrium. Hum Reprod. 1997;12(4):
815-822.

. Brandon DD, Erickson TE, Keenan EJ, et al. Estrogen receptor

gene expression in human uterine leiomyomata. J Clin Endocri-
nol Metab. 1995;80(6):1876-1881.

. Sumitani H, Shozu M, Segawa T, et al. In situ estrogen synthe-

sized by aromatase P450 in uterine leiomyoma cells promotes cell
growth probably via an autocrine/intracrine mechanism. Endocri-
nology. 2000;141(10):3852-3861.

Tiltman AJ. The effect of progestins on the mitotic activity of
uterine fibromyomas. Int J Gynecol Pathol. 1985;4(2):89-96.
Kawaguchi K, Fujii S, Konishi I, Nanbu Y, Nonogaki H, Mori T.
Mitotic activity in uterine leiomyomas during the menstrual cycle.
Am J Obstet Gynecol. 1989;160(3):637-641.

Yoshida S, Ohara N, Xu Q, et al. Cell-type specific actions of pro-
gesterone receptor modulators in the regulation of uterine leio-
myoma growth. Semin Reprod Med. 2010;28(3):260-273.

. Murphy AA, Morales AJ, Kettel LM, Yen SS. Regression of uter-

ine leiomyomata to the antiprogesterone RU486: dose-response
effect. Fertil Steril. 1995;64(1):187-190.

Maruo T. Progesterone and progesterone receptor modulator in
uterine leiomyoma growth. Gynecol Endocrinol. 2007;23(4):
186-187.

. Donnez J, Tomaszewski J, Vazquez F, et al. Ulipristal acetate ver-

sus leuprolide acetate for uterine fibroids. N Engl J Med. 2012;
366(5):421-432.

Donnez J, Tatarchuk TF, Bouchard P, et al. Ulipristal acetate ver-
sus placebo for fibroid treatment before surgery. N Engl J Med.
2012;366(5):409-420.

Cook JD, Walker CL. Treatment strategies for uterine leio-
myoma: the role of hormonal modulation. Semin Reprod Med.
2004;22(2):105-111.

Ip PP, Lam KW, Cheung CL, et al. Tranexamic acid-associated
necrosis and intralesional thrombosis of uterine leiomyomas: a
clinicopathologic study of 147 cases emphasizing the importance
of drug-induced necrosis and early infarcts in leiomyomas. Am J
Surg Pathol. 2007;31(8):1215-1224.

Nowak RA. Identification of new therapies for leiomyomas: what
in vitro studies can tell us. Clin Obstet Gynecol. 2001;44(2):
327-334.

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

Reproductive Sciences

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Young SL, Al-Hendy A, Copland JA. Potential nonhormonal
therapeutics for medical treatment of leiomyomas. Semin Reprod
Med. 2004;22(2):121-130.

Whiteman MK, Hillis SD, Jamieson DJ, et al. Inpatient hysterect-
omy surveillance in the United States, 2000-2004. Am J Obstet
Gynecol. 2008:34. e31-e37.

van der Kooij SM, Bipat S, Hehenkamp WJ, Ankum WM,
Reekers JA. Uterine artery embolization versus surgery in the treat-
ment of symptomatic fibroids: a systematic review and metaanaly-
sis. Am J Obstet Gynecol. 2011;205(4):317. e311-e318.

Stewart EA, Rabinovici J, Tempany CM, et al. Clinical outcomes
of focused ultrasound surgery for the treatment of uterine fibroids.
Fertil Steril. 2006;85(1):22-29.

Rabinovici J, David M, Fukunishi H, et al. Pregnancy outcome
after magnetic resonance-guided focused ultrasound surgery
(MRgFUS) for conservative treatment of uterine fibroids. Fertil
Steril. 2010;93(1):199-209.

Pisco JM, Duarte M, Bilhim T, Cirurgiao F, Oliveira AG. Preg-
nancy after uterine fibroid embolization. Fertil Steril. 2011,
95(3):1121. e1125-e1128.

Chegini N. Proinflammatory and profibrotic mediators: principal
effectors of leiomyoma development as a fibrotic disorder. Semin
Reprod Med. 2010;28(3):180-203.

Barbarisi A, Petillo O, Di Lieto A, et al. 17-beta estradiol elicits
an autocrine leiomyoma cell proliferation: evidence for a stimula-
tion of protein kinase-dependent pathway. J Cell Physiol. 2001,
186(3):414-424.

Islam MS, Protic O, Stortoni P, et al. Complex networks of mul-
tiple factors in the pathogenesis of uterine leiomyoma. Fertil
Steril. 2013;100(1):178-193.

Okolo SO, Gentry CC, Perrett CW, Maclean AB. Familial preva-
lence of uterine fibroids is associated with distinct clinical and
molecular features. Hum Reprod. 2005;20(8):2321-2324.
Wolanska M, Bankowski E. Transforming growth factor beta and
platelet-derived growth factor in human myometrium and in uter-
ine leiomyomas at various stages of tumour growth. Eur J Obstet
Gynecol Reprod Biol. 2007;130(2):238-244.

Malik M, Norian J, McCarthy-Keith D, Britten J, Catherino WH.
Why leiomyomas are called fibroids: the central role of extracel-
lular matrix in symptomatic women. Semin Reprod Med. 2010;
28(3):169-179.

Joseph D, Malik M, Nurudeen S, Catherino W. Myometrial
cells undergo fibrotic transformation under the influence of
transforming growth factor beta-3. Fertil Steril. 2010;93(5):
1500-1508.

Norian J, Malik M, Parker C, et al. Transforming growth fac-
tor beta3 regulates the versican variants in the extracellular
matrix-rich uterine leiomyomas. Reprod Sci. 2009;16(12):
1153-1164.

Ciarmela P, Islam MS, Reis FM, et al. Growth factors and myo-
metrium: biological effects in uterine fibroid and possible clinical
implications. Hum Reprod Update. 2011;17(6):772-790.

Sinclair DC, Mastroyannis A, Taylor HS. Leiomyoma simultane-
ously impair endometrial BMP-2-mediated decidualization and
anticoagulant expression through secretion of TGF-B3. J Clin
Endocrinol Metab. 2011;96(2):412-421.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

Munro MG, Critchley HO, Broder MS, Fraser IS, Disorders
FWGoM. FIGO classification system (PALM-COEIN) for causes
of abnormal uterine bleeding in nongravid women of reproductive
age. Int J Gynaecol Obstet. 2011;113(1):3-13.

Lockwood CJ. Mechanisms of normal and abnormal endometrial
bleeding. Menopause. 2011;18(4):408-411.

Sampson JA. The blood supply of uterine myomata. Surg Gynecol
Obstet. 1912;14:215-230.

Stewart EA, Nowak RA. Leiomyoma-related bleeding: a classic
hypothesis updated for the molecular era. Hum Reprod Update.
1996;2(4):295-306.

Bulletti C, De Ziegler D, Polli V, Flamigni C. The role of leio-
myomas in infertility. J Am Assoc Gynecol Laparosc. 1999;
6(4):441-445.

Pritts EA, Parker WH, Olive DL. Fibroids and infertility: an
updated systematic review of the evidence. Fertil Steril. 2009;
91(4):1215-1223.

Pritts EA. Fibroids and infertility: a systematic review of the evi-
dence. Obstet Gynecol Surv. 2001;56(8):483-491.

Goldenberg M, Sivan E, Sharabi Z, Bider D, Rabinovici J, Seid-
man DS. Outcome of hysteroscopic resection of submucous myo-
mas for infertility. Fertil Steril. 1995;64(4):714-716.

Fernandez H, Sefrioui O, Virelizier C, Gervaise A, Gomel V,
Frydman R. Hysteroscopic resection of submucosal myomas in
patients with infertility. Hum Reprod. 2001;16(7):1489-1492.
Healy DL. Impact of uterine fibroids on ART outcome. Environ
Health Perspect. 2000;108(suppl 5):845-847.

Bozdag G, Esinler I, Boynukalin K, Aksu T, Gunalp S, Gurgan T.
Single intramural leiomyoma with normal hysteroscopic findings
does not affect ICSI-embryo transfer outcome. Reprod Biomed
Online. 2009;19(2):276-280.

Oliveira FG, Abdelmassih VG, Diamond MP, Dozortsev D, Melo
NR, Abdelmassih R. Impact of subserosal and intramural uterine
fibroids that do not distort the endometrial cavity on the outcome
of in vitro fertilization-intracytoplasmic sperm injection. Fertil
Steril. 2004;81(3):582-587.

Horcajadas JA, Goyri E, Higon MA, et al. Endometrial receptivity
and implantation are not affected by the presence of uterine intra-
mural leiomyomas: a clinical and functional genomics analysis.
J Clin Endocrinol Metab. 2008;93(9):3490-3498.

Casini ML, Rossi F, Agostini R, Unfer V. Effects of the posi-
tion of fibroids on fertility. Gynecol Endocrinol. 2006;22(2):
106-109.

Klatsky PC, Tran ND, Caughey AB, Fujimoto VY. Fibroids and
reproductive outcomes: a systematic literature review from con-
ception to delivery. Am J Obstet Gynecol. 2008;198(4):357-366.
Roy KK, Singla S, Baruah J, Sharma JB, Kumar S, Singh N.
Reproductive outcome following hysteroscopic myomectomy in
patients with infertility and recurrent abortions. Arch Gynecol
Obstet. 2010;282(5):553-560.

Surrey ES, Minjarez DA, Stevens JM, Schoolcraft WB. Effect of
myomectomy on the outcome of assisted reproductive technolo-
gies. Fertil Steril. 2005;83(5):1473-1479.

Shokeir T, El-Shafei M, Yousef H, Allam AF, Sadek E. Submu-
cous myomas and their implications in the pregnancy rates of
patients with otherwise unexplained primary infertility undergoing

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

Doherty et al

19

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

hysteroscopic myomectomy: a randomized matched control study.
Fertil Steril. 2010;94(2):724-729.

Metwally M, Farquhar CM, Li TC. Is another meta-analysis on
the effects of intramural fibroids on reproductive outcomes
needed? Reprod Biomed Online. 2011;23(1):2-14.

Benecke C, Kruger TF, Siebert TI, Van der Merwe JP, Steyn DW.
Effect of fibroids on fertility in patients undergoing assisted
reproduction. A structured literature review. Gynecol Obstet
invest. 2005;59(4):225-230.

Somigliana E, Vercellini P, Daguati R, Pasin R, De Giorgi O, Cro-
signani PG. Fibroids and female reproduction: a critical analysis
of the evidence. Hum Reprod Update. 2007;13(5):465-476.
Strowitzki T, Germeyer A, Popovici R, von Wolff M. The human
endometrium as a fertility-determining factor. Hum Reprod
Update. 2006;12(5):617-630.

Bergh PA, Navot D. The impact of embryonic development and
endometrial maturity on the timing of implantation. Fertil Steril.
1992;58(3):537-542.

Navot D, Laufer N, Kopolovic J, et al. Artificially induced endo-
metrial cycles and establishment of pregnancies in the absence of
ovaries. N Engl J Med. 1986;314(13):806-811.

Satokata I, Benson G, Maas R. Sexually dimorphic sterility phe-
notypes in HoxalO-deficient mice. Nature. 1995;374(6521):
460-463.

Benson GV, Lim H, Paria BC, Satokata I, Dey SK, Maas RL.
Mechanisms of reduced fertility in Hoxa-10 mutant mice: uterine
homeosis and loss of maternal Hoxa-10 expression. Development.
1996;122(9):2687-2696.

Hsieh-Li HM, Witte DP, Weinstein M, et al. Hoxa 11 structure,
extensive antisense transcription, and function in male and female
fertility. Development. 1995;121(5):1373-1385.

Stewart C, Kaspar P, Brunet L, et al. Blastocyst implantation
depends on maternal expression of leukaemia inhibitory factor.
Nature. 1992;359(6390):76-79.

Bagot CN, Kliman HJ, Taylor HS. Maternal Hoxal0 is required
for pinopod formation in the development of mouse uterine recep-
tivity to embryo implantation. Dev Dyn. 2001;222(3):538-544.
Daftary GS, Troy PJ, Bagot CN, Young SL, Taylor HS. Direct
regulation of beta3-integrin subunit gene expression by HOXA10
in endometrial cells. Mol Endocrinol. 2002;16(3):571-579.
Doherty L, Kwon H, Taylor H. Regulation of tryptophan 2,3-
dioxygenase by HOXA10 enhances embryo viability through ser-
otonin signaling. Am J Physiol Endocrinol Metab. 2011;300(1):
E86-E93.

Kim JJ, Taylor HS, Akbas GE, et al. Regulation of insulin-like
growth factor binding protein-1 promoter activity by FKHR and
HOXA10 in primate endometrial cells. Biol Reprod. 2003;
68(1):24-30.

Rackow BW, Taylor HS. Submucosal uterine leiomyomas have a
global effect on molecular determinants of endometrial receptiv-
ity. Fertil Steril. 2010;93(6):2027-2034.

Taylor HS, Bagot C, Kardana A, Olive D, Arici A. HOX gene
expression is altered in the endometrium of women with endome-
triosis. Hum Reprod. 1999;14(5):1328-1331.

Cermik D, Selam B, Taylor HS. Regulation of HOXA-10 expres-
sion by testosterone in vitro and in the endometrium of patients

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

with polycystic ovary syndrome. J Clin Endocrinol Metab.
2003;88(1):238-243.

Daftary GS, Kayisli U, Seli E, Bukulmez O, Arici A, Taylor HS.
Salpingectomy increases peri-implantation endometrial HOXA10
expression in women with hydrosalpinx. Fertil Steril. 2007;87(2):
367-372.

Lee K, Jeong J, Wang J, et al. Bmp2 is critical for the murine uter-
ine decidual response. Mol Cell Biol. 2007;27(15):5468-5478.
Paria B, Ma W, Tan J, et al. Cellular and molecular responses of
the uterus to embryo implantation can be elicited by locally
applied growth factors. Proc Natl Acad Sci U S 4. 2001;98(3):
1047-1052.

Yoshino O, Hayashi T, Osuga Y, et al. Decreased pregnancy rate
is linked to abnormal uterine peristalsis caused by intramural
fibroids. Hum Reprod. 2010;25(10):2475-2479.

Arici A, Sozen I. Transforming growth factor-beta3 is expressed
at high levels in leiomyoma where it stimulates fibronectin
expression and cell proliferation. Fertil Steril. 2000;73(5):
1006-1011.

Stewart EA. Uterine fibroids. Lancet. 2001;357(9252):293-298.
Wegienka G, Baird DD, Hertz-Picciotto I, et al. Self-reported
heavy bleeding associated with uterine leiomyomata. Obstet
Gynecol. 2003;101(3):431-437.

Clevenger-Hoeft M, Syrop CH, Stovall DW, Van Voorhis BJ.
Sonohysterography in premenopausal women with and without
abnormal bleeding. Obstet Gynecol. 1999;94(4):516-520.

Sehgal N, Haskins AL. The mechanism of uterine bleeding in the
presence of fibromyomas. Am Surg. 1960;26:21-23.
Farrer-Brown G, Beilby JO, Tarbit MH. Venous changes in the
endometrium of myomatous uteri. Obstet Gynecol. 1971;38(5):
743-751.

Charnock-Jones DS, Sharkey AM, Rajput-Williams J, et al. Iden-
tification and localization of alternately spliced mRNAs for vas-
cular endothelial growth factor in human uterus and estrogen
regulation in endometrial carcinoma cell lines. Biol Reprod.
1993;48(5):1120-1128.

Lewicka A, Osuch B, Cendrowski K, Zegarska J, Stelmachow J.
Expression of vascular endothelial growth factor mRNA in
human leiomyomas. Gynecol Endocrinol. 2010;26(6):451-455.
Ross R, Raines EW, Bowen-Pope DF. The biology of platelet-
derived growth factor. Cell. 1986;46(2):155-169.

Hwu YM, Li SH, Lee RK, Tsai YH, Yeh TS, Lin SY. Increased
expression of platelet-derived growth factor C messenger ribonu-
cleic acid in uterine leiomyomata. Fertil Steril. 2008;89(2):
468-471.

Weir EC, Goad DL, Daifotis AG, Burtis WJ, Dreyer BE, Nowak
RA. Relative overexpression of the parathyroid hormone-related
protein gene in human leiomyomas. J Clin Endocrinol Metab.
1994;78(3):784-789.

Botella A, Rekik M, Delvaux M, et al. Parathyroid hormone
(PTH) and PTH-related peptide induce relaxation of smooth
muscle cells from guinea pig ileum: interaction with vasoac-
tive intestinal peptide receptors. Endocrinology. 1994;135(5):
2160-2167.

Taniguchi Y, Morita I, Kubota T, Murota S, Aso T. Human uter-
ine myometrial smooth muscle cell proliferation and vascular

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

20

Reproductive Sciences

88.

89.

90.

91.

92.

93.

94.

95s.

96.

97.

98.

99.

100.

101.

102.

endothelial growth-factor production in response to platelet-
derived growth factor. J Endocrinol. 2001;169(1):79-86.
Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its
receptors. Nat Med. 2003;9(6):669-676.
Mangrulkar RS, Ono M, Ishikawa M, Takashima S, Klagsbrun M,
Nowak RA. Isolation and characterization of heparin-binding
growth factors in human leiomyomas and normal myometrium.
Biol Reprod. 1995;53(3):636-646.
Anania CA, Stewart EA, Quade BJ, Hill JA, Nowak RA. Expres-
sion of the fibroblast growth factor receptor in women with leio-
myomas and abnormal uterine bleeding. Mol Hum Reprod. 1997,
3(8):685-691.
Lockwood CJ, Nemerson Y, Guller S, et al. Progestational regu-
lation of human endometrial stromal cell tissue factor expression
during decidualization. J Clin Endocrinol Metab. 1993;76(1):
231-236.
Schatz F, Lockwood C. Progestin regulation of plasminogen
activator inhibitor type 1 in primary cultures of endometrial
stromal and decidual cells. J Clin Endocrinol Metab. 1993;
77(3):621-625.
Marbaix E, Kokorine I, Moulin P, Donnez J, Eeckhout Y, Courtoy
PJ. Menstrual breakdown of human endometrium can be
mimicked in vitro and is selectively and reversibly blocked by
inhibitors of matrix metalloproteinases. Proc Natl Acad Sci
US A4.1996;93(17):9120-9125.
Critchley HO, Jones RL, Lea RG, et al. Role of inflammatory
mediators in human endometrium during progesterone with-
drawal and early pregnancy. J Clin Endocrinol Metab. 1999;
84(1):240-248.
Jabbour HN, Kelly RW, Fraser HM, Critchley HO. Endocrine
regulation of menstruation. Endocr Rev. 2006;27(1):17-46.
Kaitu’u-Lino TJ, Morison NB, Salamonsen LA. Estrogen is
not essential for full endometrial restoration after breakdown:
lessons from a mouse model. Endocrinology. 2007;148(10):
5105-5111.
Bajzar L, Morser J, Nesheim M. TAF]I, or plasma procarboxypep-
tidase B, couples the coagulation and fibrinolytic cascades
through the thrombin-thrombomodulin complex. J Biol Chem.
1996;271(28):16603-16608.
Reiter RC, Wagner PL, Gambone JC. Routine hysterectomy for
large asymptomatic uterine leiomyomata: a reappraisal. Obstet
Gynecol. 1992;79(4):481-484.
Peddada SD, Laughlin SK, Miner K, et al. Growth of uterine leio-
myomata among premenopausal black and white women. Proc
Natl Acad Sci U S A. 2008;105(50):19887-19892.
Parker WH, Fu YS, Berek JS. Uterine sarcoma in patients oper-
ated on for presumed leiomyoma and rapidly growing leio-
myoma. Obstet Gynecol. 1994;83(3):414-418.
Dueholm M, Lundorf E, Hansen ES, Ledertoug S, Olesen F.
Accuracy of magnetic resonance imaging and transvaginal
ultrasonography in the diagnosis, mapping, and measurement
of uterine myomas. Am J Obstet Gynecol. 2002;186(3):
409-415.
Lethaby A, Vollenhoven B, Sowter M. Pre-operative GnRH ana-
logue therapy before hysterectomy or myomectomy for uterine
fibroids. Cochrane Database Syst Rev. 2001(2):CD000547.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Minaguchi H, Wong JM, Snabes MC. Clinical use of nafarelin
in the treatment of leiomyomas. A review of the literature.
J Reprod Med. 2000;45(6):481-489.

Friedman AJ, Rein MS, Harrison-Atlas D, Garfield JM, Doubilet
PM. A randomized, placebo-controlled, double-blind study eval-
uating leuprolide acetate depot treatment before myomectomy.
Fertil Steril. 1989;52(5):728-733.

Schlaff WD, Zerhouni EA, Huth JA, Chen J, Damewood MD,
Rock JA. A placebo-controlled trial of a depot gonadotropin-
releasing hormone analogue (leuprolide) in the treatment of uter-
ine leiomyomata. Obstet Gynecol. 1989;74(6):856-862.

Shozu M, Sumitani H, Segawa T, Yang HJ, Murakami K, Inoue
M. Inhibition of in situ expression of aromatase P450 in leio-
myoma of the uterus by leuprorelin acetate. J Clin Endocrinol
Metab. 2001;86(11):5405-5411.

Muneyyirci-Delale O, Richard-Davis G, Morris T, Armstrong J.
Goserelin acetate 10.8 mg plus iron versus iron monotherapy
prior to surgery in premenopausal women with iron-deficiency
anemia due to uterine leiomyomas: results from a Phase 11, ran-
domized, multicenter, double-blind, controlled trial. Clin Ther.
2007;29(8):1682-1691.

Stovall TG, Muneyyirci-Delale O, Summitt RL, Scialli AR. GnRH
agonist and iron versus placebo and iron in the anemic patient
before surgery for leiomyomas: a randomized controlled trial. Leu-
prolide acetate study group. Obstet Gynecol. 1995;86(1):65-71.
Lethaby A, Vollenhoven B, Sowter M. Efficacy of pre-operative
gonadotrophin hormone releasing analogues for women with
uterine fibroids undergoing hysterectomy or myomectomy: a
systematic review. BJOG. 2002;109(10):1097-1108.

Chen I, Motan T, Kiddoo D. Gonadotropin-releasing hormone
agonist in laparoscopic myomectomy: systematic review and
meta-analysis of randomized controlled trials. J Minim Invasive
Gynecol. 2011;18(3):303-3009.

Gutmann JN, Corson SL. GnRH agonist therapy before myo-
mectomy or hysterectomy. J Minim Invasive Gynecol. 2005;
12(6):529-537.

Vercellini P, Crosignani PG, Mangioni C, Imparato E, Ferrari A,
De Giorgi O. Treatment with a gonadotrophin releasing hormone
agonist before hysterectomy for leiomyomas: results of a multi-
centre, randomised controlled trial. Br J Obstet Gynaecol. 1998;
105(11):1148-1154.

Golan A. GnRH analogues in the treatment of uterine fibroids.
Hum Reprod. 1996;11(suppl 3):33-41.

ACOG practice bulletin. Alternatives to hysterectomy in the
management of leiomyomas. Obstet Gynecol. 2008;112(2 pt
1):387-400.

Hornstein MD, Surrey ES, Weisberg GW, Casino LA. Leupro-
lide acetate depot and hormonal add-back in endometriosis: a
12-month study. Lupron add-back study group. Obstet Gynecol.
1998;91(1):16-24.

Surrey ES, Hornstein MD. Prolonged GnRH agonist and add-
back therapy for symptomatic endometriosis: long-term fol-
low-up. Obstet Gynecol. 2002;99(5 pt 1):709-719.

Friedman AJ, Daly M, Juneau-Norcross M, Gleason R, Rein MS,
LeBoff M. Long-term medical therapy for leiomyomata uteri: a
prospective, randomized study of leuprolide acetate depot plus

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

Doherty et al

21

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

either oestrogen-progestin or progestin ‘add-back’ for 2 years.
Hum Reprod. 1994;9(9):1618-1625.

Friedman AJ, Daly M, Juneau-Norcross M, et al. A prospective,
randomized trial of gonadotropin-releasing hormone agonist
plus estrogen-progestin or progestin “add-back” regimens for
women with leiomyomata uteri. J Clin Endocrinol Metab.
1993;76(6):1439-1445.

Palomba S, Orio F, Russo T, et al. Long-term effectiveness and
safety of GnRH agonist plus raloxifene administration in
women with uterine leiomyomas. Hum Reprod. 2004;19(6):
1308-1314.

Palomba S, Russo T, Orio F, et al. Effectiveness of combined
GnRH analogue plus raloxifene administration in the treatment
of uterine leiomyomas: a prospective, randomized, single-
blind, placebo-controlled clinical trial. Hum Reprod. 2002;
17(12):3213-3219.

Palomba S, Affinito P, Di Carlo C, Bifulco G, Nappi C. Long-
term administration of tibolone plus gonadotropin-releasing
hormone agonist for the treatment of uterine leiomyomas:
effectiveness and effects on vasomotor symptoms, bone mass,
and lipid profiles. Fertil Steril. 1999;72(5):889-895.

Gogmen A, Kara [H, Karaca M. The effects of add-back therapy
with tibolone on myoma uteri. Clin Exp Obstet Gynecol. 2002;
29(3):222-224.

Maruo T, Matsuo H, Shimomura Y, et al. Effects of progesterone
on growth factor expression in human uterine leiomyoma. Ster-
oids. 2003;68(10-13):817-824.

Maruo T, Matsuo H, Samoto T, et al. Effects of progesterone on
uterine leiomyoma growth and apoptosis. Steroids. 2000;65(10-
11):585-592.

Rein MS, Barbieri RL, Friedman AJ. Progesterone: a critical role
in the pathogenesis of uterine myomas. Am J Obstet Gynecol.
1995;172(1 pt 1):14-18.

Carr BR, Marshburn PB, Weatherall PT, et al. An evaluation of
the effect of gonadotropin-releasing hormone analogs and
medroxyprogesterone acetate on uterine leiomyomata volume
by magnetic resonance imaging: a prospective, randomized,
double blind, placebo-controlled, crossover trial. J Clin Endocri-
nol Metab. 1993;76(5):1217-1223.

Chegini N, Ma C, Tang XM, Williams RS. Effects of GnRH ana-
logues, ‘add-back’ steroid therapy, antiestrogen and antiproges-
tins on leiomyoma and myometrial smooth muscle cell growth
and transforming growth factor-beta expression. Mol Hum
Reprod. 2002;8(12):1071-1078.

Friedman AJ, Thomas PP. Does low-dose combination oral con-
traceptive use affect uterine size or menstrual flow in premeno-
pausal women with leiomyomas? Obstet Gynecol. 1995;85(4):
631-635.

Verspyck E, Marpeau L, Lucas C. Leuprorelin depot 3.75 mg
versus lynestrenol in the preoperative treatment of symptomatic
uterine myomas: a multicentre randomised trial. Eur J Obstet
Gynecol Reprod Biol. 2000;89(1):7-13.

Sangkomkamhang US, Lumbiganon P, Laopaiboon M, Mol
BW. Progestogens or progestogen-releasing intrauterine systems
for uterine fibroids. Cochrane Database Syst Rev. 2013;2:
CD008994.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Venkatachalam S, Bagratee JS, Moodley J. Medical manage-
ment of uterine fibroids with medroxyprogesterone acetate
(Depo Provera): a pilot study. J Obstet Gynaecol. 2004;24(7):
798-800.

Stewart A, Cummins C, Gold L, Jordan R, Phillips W. The
effectiveness of the levonorgestrel-releasing intrauterine sys-
tem in menorrhagia: a systematic review. BJOG. 2001;
108(1):74-86.

Hurskainen R, Teperi J, Rissanen P, et al. Clinical outcomes and
costs with the levonorgestrel-releasing intrauterine system or
hysterectomy for treatment of menorrhagia: randomized trial
5-year follow-up. JAMA. 2004;291(12):1456-1463.
Heikinheimo O, Gemzell-Danielsson K. Emerging indications
for the levonorgestrel-releasing intrauterine system (LNG-IUS).
Acta Obstet Gynecol Scand. 2012;91(1):3-9.
Gemzell-Danielsson K, Inki P, Heikinheimo O. Recent develop-
ments in the clinical use of the levonorgestrel-releasing intrau-
terine system. Acta Obstet Gynecol Scand. 2011;90(11):
1177-1188.

Grigorieva V, Chen-Mok M, Tarasova M, Mikhailov A. Use of a
levonorgestrel-releasing intrauterine system to treat bleeding
related to uterine leiomyomas. Fertil Steril. 2003;79(5):
1194-1198.

Zapata LB, Whiteman MK, Tepper NK, Jamieson DJ, March-
banks PA, Curtis KM. Intrauterine device use among women
with uterine fibroids: a systematic review. Contraception.
2010;82(1):41-55.

Jindabanjerd K, Taneepanichskul S. The use of levonorgestrel -
IUD in the treatment of uterine myoma in Thai women. J Med
Assoc Thai. 2006;89(suppl 4):S147-S151.

Magalhaes J, Aldrighi JM, de Lima GR. Uterine volume and
menstrual patterns in users of the levonorgestrel-releasing
intrauterine system with idiopathic menorrhagia or menorrhagia
due to leiomyomas. Contraception. 2007;75(3):193-198.
Gunes M, Ozdegirmenci O, Kayikcioglu F, Haberal A, Kaplan
M. The effect of levonorgestrel intrauterine system on uterine
myomas: a 1-year follow-up study. J Minim Invasive Gynecol.
2008;15(6):735-738.

Murat Naki M, Tekcan C, Ozcan N, Cebi M. Levonorgestrel-
releasing intrauterine device insertion ameliorates leiomyoma-
dependent menorrhagia among women of reproductive age
without a significant regression in the uterine and leiomyoma
volumes. Fertil Steril. 2010;94(1):371-374.

Sayed GH, Zakherah MS, El-Nashar SA, Shaaban MM. A rando-
mized clinical trial of a levonorgestrel-releasing intrauterine
system and a low-dose combined oral contraceptive for fibroid-
related menorrhagia. Int J Gynaecol Obstet. 2011;112(2):
126-130.

Shaaban MM, Shabaan MM, Zakherah MS, El-Nashar SA,
Sayed GH. Levonorgestrel-releasing intrauterine system com-
pared to low dose combined oral contraceptive pills for idio-
pathic menorrhagia: a randomized clinical trial. Contraception.
2011;83(1):48-54.

Wellington K, Wagstaff AJ. Tranexamic acid: a review of its
use in the management of menorrhagia. Drugs. 2003;63(13):
1417-1433.

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

22

Reproductive Sciences

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Lukes AS, Moore KA, Muse KN, et al. Tranexamic acid treat-
ment for heavy menstrual bleeding: a randomized controlled
trial. Obstet Gynecol. 2010;116(4):865-875.

Gleeson NC, Buggy F, Sheppard BL, Bonnar J. The effect of tra-
nexamic acid on measured menstrual loss and endometrial fibri-
nolytic enzymes in dysfunctional uterine bleeding. Acta Obstet
Gynecol Scand. 1994;73(3):274-277.

Milsom I, Andersson K, Andersch B, Rybo G. A comparison of
flurbiprofen, tranexamic acid, and a levonorgestrel-releasing
intrauterine contraceptive device in the treatment of idiopathic
menorrhagia. Am J Obstet Gynecol. 1991;164(3):879-883.
Khaund A, Moss JG, McMillan N, Lumsden MA. Evaluation of
the effect of uterine artery embolisation on menstrual blood loss
and uterine volume. BJOG. 2004;111(7):700-705.

Felberbaum RE, Kiipker W, Krapp M, Gehl B, Ludwig M,
Diedrich K. Preoperative reduction of uterine fibroids in only
16 days by administration of a gonadotrophin-releasing hor-
mone antagonist (Cetrotide). Reprod Biomed Online. 2001;
3(1):14-18.

Flierman PA, Oberyé JJ, van der Hulst VP, de Blok S. Rapid
reduction of leiomyoma volume during treatment with the
GnRH antagonist ganirelix. BJOG. 2005;112(5):638-642.
Gonzalez-Barcena D, Alvarez RB, Ochoa EP, et al. Treatment of
uterine leiomyomas with luteinizing hormone-releasing hor-
mone antagonist Cetrorelix. 1997;12(9):
2028-2035.

Felberbaum RE, Germer U, Ludwig M, et al. Treatment of uter-
ine fibroids with a slow-release formulation of the gonadotro-
phin releasing hormone antagonist Cetrorelix. Hum Reprod.
1998;13(6):1660-1668.

Shozu M, Murakami K, Segawa T, Kasai T, Inoue M. Successful
treatment of a symptomatic uterine leiomyoma in a perimeno-

Hum  Reprod.

pausal woman with a nonsteroidal aromatase inhibitor. Fertil
Steril. 2003;79(3):628-631.

Bulun SE, Imir G, Utsunomiya H, et al. Aromatase in endome-
triosis and uterine leiomyomata. J Steroid Biochem Mol Biol.
2005;95(1-5):57-62.

Ishikawa H, Reierstad S, Demura M, et al. High aromatase
expression in uterine leiomyoma tissues of African-American
women. J Clin Endocrinol Metab. 2009;94(5):1752-1756.
Gurates B, Parmaksiz C, Kilic G, Celik H, Kumru S, Simsek M.
Treatment of symptomatic uterine leiomyoma with letrozole.
Reprod Biomed Online. 2008;17(4):569-574.

Hilario SG, Bozzini N, Borsari R, Baracat EC. Action of aroma-
tase inhibitor for treatment of uterine leiomyoma in perimeno-
pausal patients. Fertil Steril. 2009;91(1):240-243.

Kaunitz AM. Aromatase inhibitor therapy for uterine bleeding in
a postmenopausal woman with leiomyomata. Menopause. 2007;
14(5):941-943.

Parsanezhad ME, Azmoon M, Alborzi S, et al. A randomized,
controlled clinical trial comparing the effects of aromatase inhi-
bitor (letrozole) and gonadotropin-releasing hormone agonist
(triptorelin) on uterine leiomyoma volume and hormonal status.
Fertil Steril. 2010;93(1):192-198.

Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for the
prevention of breast cancer: current status of the National

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Surgical Adjuvant Breast and Bowel Project P-1 study. J Nat!
Cancer Inst. 2005;97(22):1652-1662.

Sadan O, Ginath S, Sofer D, et al. The role of tamoxifen in the
treatment of symptomatic uterine leiomyomata — a pilot study.
Eur J Obstet Gynecol Reprod Biol. 2001;96(2):183-186.

Baker VL, Draper M, Paul S, et al. Reproductive endocrine and
endometrial effects of raloxifene hydrochloride, a selective
estrogen receptor modulator, in women with regular menstrual
cycles. J Clin Endocrinol Metab. 1998;83(1):6-13.

Palomba S, Sammartino A, Di Carlo C, Affinito P, Zullo F,
Nappi C. Effects of raloxifene treatment on uterine leiomyomas
in postmenopausal women. Fertil Steril. 2001;76(1):38-43.
Palomba S, Orio F, Morelli M, et al. Raloxifene administration
in premenopausal women with uterine leiomyomas: a pilot
study. J Clin Endocrinol Metab. 2002;87(8):3603-3608.
Jirecek S, Lee A, Pavo I, Crans G, Eppel W, Wenzl R. Raloxi-
fene prevents the growth of uterine leiomyomas in premenopau-
sal women. Fertil Steril. 2004;81(1):132-136.

Bouchard P, Chabbert-Buffet N, Fauser BC. Selective proges-
terone receptor modulators in reproductive medicine: pharma-
cology, clinical efficacy and safety. Fertil Steril. 2011;96(5):
1175-1189.

McPhail MK. The assay of progestin. J Physiol. 1934;83(2):
145-156.

Athiippe W, Sommer A, Miiller J, Schwede W, Fuhrmann U,
Moller C. Global gene expression profiling of progesterone recep-
tor modulators in T47D cells provides a new classification system.
J Steroid Biochem Mol Biol. Jan 2009;113(1-2):105-115.
Fleseriu M, Biller BM, Findling JW, et al. Mifepristone, a gluco-
corticoid receptor antagonist, produces clinical and metabolic
benefits in patients with Cushing’s syndrome. J Clin Endocrinol
Metab. 2012;97(6):2039-2049.

Ishikawa H, Ishi K, Serna VA, Kakazu R, Bulun SE, Kurita T.
Progesterone is essential for maintenance and growth of uterine
leiomyoma. Endocrinology. 2010;151(6):2433-2442.

Eisinger SH, Meldrum S, Fiscella K, le Roux HD, Guzick DS.
Low-dose mifepristone for uterine leiomyomata. Obstet Gyne-
col. 2003;101(2):243-250.

Reinsch RC, Murphy AA, Morales AJ, Yen SS. The effects of
RU 486 and leuprolide acetate on uterine artery blood flow in the
fibroid uterus: a prospective, randomized study. Am J Obstet
Gynecol. 1994;170(6):1623-1627.

Eisinger SH, Bonfiglio T, Fiscella K, Meldrum S, Guzick DS.
Twelve-month safety and efficacy of low-dose mifepristone for
uterine myomas. J Minim Invasive Gynecol. 2005;12(3):
227-233.

Steinauer J, Pritts EA, Jackson R, Jacoby AF. Systematic review
of mifepristone for the treatment of uterine leiomyomata. Obstet
Gynecol. 2004;103(6):1331-1336.

Eisinger SH, Fiscella J, Bonfiglio T, Meldrum S, Fiscella K.
Open-label study of ultra low-dose mifepristone for the treat-
ment of uterine leiomyomata. Eur J Obstet Gynecol Reprod Biol.
2009;146(2):215-218.

Mutter GL, Bergeron C, Deligdisch L, et al. The spectrum of
endometrial pathology induced by progesterone receptor modu-
lators. Mod Pathol. 2008;21(5):591-598.

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

Doherty et al

23

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Stewart EA. Uterine fibroids and evidence-based medicine—not
an oxymoron. N Engl J Med. 2012;366(5):471-473.

Chwalisz K, DeManno D, Garg R, Larsen L, Mattia-Goldberg C,
Stickler T. Therapeutic potential for the selective progesterone
receptor modulator asoprisnil in the treatment of leiomyomata.
Semin Reprod Med. 2004;22(2):113-119.

Chwalisz K, Larsen L, Mattia-Goldberg C, Edmonds A,
Elger W, Winkel CA. A randomized, controlled trial of aso-
prisnil, a novel selective progesterone receptor modulator, in
women with uterine leiomyomata. Fertil Steril. 2007;87(6):
1399-1412.

Wardell SE, Edwards DP. Mechanisms controlling agonist and
antagonist potential of selective progesterone receptor modula-
tors (SPRMs). Semin Reprod Med. 2005;23(1):9-21.

Chen W, Ohara N, Wang J, et al. A novel selective progesterone
receptor modulator asoprisnil (J867) inhibits proliferation and
induces apoptosis in cultured human uterine leiomyoma cells
in the absence of comparable effects on myometrial cells. J Clin
Endocrinol Metab. 2006;91(4):1296-1304.

Luo X, Yin P, Coon V JS, Cheng YH, Wiehle RD, Bulun SE.
The selective progesterone receptor modulator CDB4124 inhi-
bits proliferation and induces apoptosis in uterine leiomyoma
cells. Fertil Steril. 2010;93(8):2668-2673.

Maruo T, Ohara N, Matsuo H, et al. Effects of levonorgestrel-
releasing IUS and progesterone receptor modulator PRM
CDB-2914 on uterine leiomyomas. Contraception. 2007;75(6
suppl):S99-S103.

Xu Q, Takekida S, Ohara N, et al. Progesterone receptor modu-
lator CDB-2914 down-regulates proliferative cell nuclear anti-
gen and Bcl-2 protein expression and up-regulates caspase-3
and poly(adenosine 5’-diphosphate-ribose) polymerase expres-
sion in cultured human uterine leiomyoma cells. J Clin Endocri-
nol Metab. 2005;90(2):953-961.

Wilkens J, Chwalisz K, Han C, et al. Effects of the selective pro-
gesterone receptor modulator asoprisnil on uterine artery blood
flow, ovarian activity, and clinical symptoms in patients with
uterine leiomyomata scheduled for hysterectomy. J Clin Endo-
crinol Metab. 2008;93(12):4664-4671.

Levens ED, Potlog-Nahari C, Armstrong AY, et al. CDB-2914
for uterine leiomyomata treatment: a randomized controlled
trial. Obstet Gynecol. 2008;111(5):1129-1136.

Nieman LK, Blocker W, Nansel T, et al. Efficacy and tolerabil-
ity of CDB-2914 treatment for symptomatic uterine fibroids: a
randomized, double-blind, placebo-controlled, phase IIb study.
Fertil Steril. 2011;95(2):767-772. €761-e762.

Wilkens J, Williams AR, Chwalisz K, Han C, Cameron IT,
Critchley HO. Effect of asoprisnil on uterine proliferation mar-
kers and endometrial expression of the tumour suppressor gene,
PTEN. Hum Reprod. 2009;24(5):1036-1044.

Williams AR, Critchley HO, Osei J, et al. The effects of the
selective progesterone receptor modulator asoprisnil on the mor-
phology of uterine tissues after 3 months treatment in patients
with symptomatic uterine leiomyomata. Hum Reprod. 2007;
22(6):1696-1704.

Williams AR, Bergeron C, Barlow DH, Ferenczy A. Endome-
trial morphology after treatment of uterine fibroids with the

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

selective progesterone receptor modulator, ulipristal acetate. Int
J Gynecol Pathol. 2012;31(6):556-569.

De Leo V, la Marca A, Morgante G. Short-term treatment of
uterine fibromyomas with danazol. Gynecol Obstet Invest.
1999;47(4):258-262.

Coutinho EM, Gongalves MT. Long-term treatment of leiomyo-
mas with gestrinone. Fertil Steril. 1989;51(6):939-946.

La Marca A, Giulini S, Vito G, Orvieto R, Volpe A, Jasonni VM.
Gestrinone in the treatment of uterine leiomyomata: effects on
uterine blood supply. Fertil Steril. 2004;82(6):1694-1696.
Coutinho EM. Treatment of large fibroids with high doses of
gestrinone. Gynecol Obstet Invest. 1990;30(1):44-47.

Lee BS, Margolin SB, Nowak RA. Pirfenidone: a novel pharma-
cological agent that inhibits leiomyoma cell proliferation and col-
lagen production. J Clin Endocrinol Metab. 1998;83(1):219-223.
Levens E, Luo X, Ding L, Williams RS, Chegini N. Fibromodu-
lin is expressed in leiomyoma and myometrium and regulated by
gonadotropin-releasing hormone analogue therapy and TGF-
beta through Smad and MAPK-mediated signalling. Mol Hum
Reprod. 2005;11(7):489-494.

Leppert P, Catherino W, Segars J. A new hypothesis about
the origin of uterine fibroids based on gene expression profil-
ing with microarrays. Am J Obstet Gynecol. 2006;195(2):
415-420.

Nowak RA. Novel therapeutic strategies for leilomyomas: target-
ing growth factors and their receptors. Environ Health Perspect.
2000;108(suppl 5):849-853.

Noble PW, Albera C, Bradford WZ, et al. Pirfenidone in patients
with idiopathic pulmonary fibrosis (CAPACITY): two rando-
mised trials. Lancet. 2011;377(9779):1760-1769.

Iyer SN, Hyde DM, Giri SN. Anti-inflammatory effect of pirfe-
nidone in the bleomycin-hamster model of lung inflammation.
Inflammation. 2000;24(5):477-491.

Iyer SN, Gurujeyalakshmi G, Giri SN. Effects of pirfenidone on
procollagen gene expression at the transcriptional level in bleo-
mycin hamster model of lung fibrosis. J Pharmacol Exp Ther.
1999;289(1):211-218.

Raghu G, Johnson WC, Lockhart D, Mageto Y. Treatment of
idiopathic pulmonary fibrosis with a new antifibrotic agent, pir-
fenidone: results of a prospective, open-label Phase II study. Am
J Respir Crit Care Med. 1999;159(4 pt 1):1061-1069.

Laping NJ, Everitt JI, Frazier KS, et al. Tumor-specific efficacy
of transforming growth factor-beta RI inhibition in Eker rats.
Clin Cancer Res. 2007;13(10):3087-3099.

Walker CL, Hunter D, Everitt JI. Uterine leiomyoma in the Eker
rat: a unique model for important diseases of women. Genes
Chromosomes Cancer. 2003;38(4):349-356.

Goldring MB, Goldring SR. Cytokines and cell growth control.
Crit Rev Eukaryot Gene Expr. 1991;1(4):301-326.

Lee BS, Stewart EA, Sahakian M, Nowak RA. Interferon-alpha
is a potent inhibitor of basic fibroblast growth factor-stimulated
cell proliferation in human uterine cells. Am J Reprod Immunol.
1998;40(1):19-25.

Tredget EE, Wang R, Shen Q, Scott PG, Ghahary A. Transform-
ing growth factor-beta mRNA and protein in hypertrophic scar
tissues and fibroblasts: antagonism by IFN-alpha and IFN-

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

24

Reproductive Sciences

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

gamma in vitro and in vivo. J Interferon Cytokine Res. 2000;
20(2):143-151.

Minakuchi K, Kawamura N, Tsujimura A, Ogita S. Remarkable
and persistent shrinkage of uterine leiomyoma associated with
interferon alfa treatment for hepatitis. Lancet. 1999;353(9170):
2127-2128.

Dusheiko G. Side effects of alpha interferon in chronic hepatitis
C. Hepatology. 1997;26(3 suppl 1):112S-121S.

Hiratsuka M, Minakami H, Koshizuka S, Sato I. Administration
of interferon-alpha during pregnancy: effects on fetus. J Perinat
Med. 2000;28(5):372-376.

Trotter JF, Zygmunt AJ. Conception and pregnancy during
interferon-alpha therapy for chronic hepatitis C. J Clin Gastro-
enterol. 2001;32(1):76-78.

Reilly CF, Fritze LM, Rosenberg RD. Heparin-like molecules
regulate the number of epidermal growth factor receptors on vas-
cular smooth muscle cells. J Cell Physiol. 1988;136(1):23-32.
Bono F, Rigon P, Lamarche I, Savi P, Salel V, Herbert JM.
Heparin inhibits the binding of basic fibroblast growth factor
to cultured human aortic smooth-muscle cells. Biochem J.
1997;326(pt 3):661-668.

Mason HR, Nowak RA, Morton CC, Castellot JJ. Heparin inhibits
the motility and proliferation of human myometrial and leiomyoma
smooth muscle cells. Am J Pathol. 2003;162(6):1895-1904.
Horiuchi A, Nikaido T, Ya-Li Z, Ito K, Orii A, Fujii S. Heparin
inhibits proliferation of myometrial and leiomyomal smooth
muscle cells through the induction of alpha-smooth muscle
actin, calponin hl and p27. Mol Hum Reprod. 1999;5(2):
139-145.

Lapierre F, Holme K, Lam L, et al. Chemical modifications of
heparin that diminish its anticoagulant but preserve its heparanase-
inhibitory, angiostatic, anti-tumor and anti-metastatic proper-
ties. Glycobiology. 1996;6(3):355-366.

Panigrahy D, Huang S, Kieran MW, Kaipainen A. PPARgamma
as a therapeutic target for tumor angiogenesis and metastasis.
Cancer Biol Ther. 2005;4(7):687-693.

Tsibris JC, Porter KB, Jazayeri A, et al. Human uterine leiomyo-
mata express higher levels of peroxisome proliferator-activated
receptor gamma, retinoid X receptor alpha, and all-trans retinoic
acid than myometrium. Cancer Res. 1999;59(22):5737-5744.
Houston KD, Copland JA, Broaddus RR, Gottardis MM, Fischer
SM, Walker CL. Inhibition of proliferation and estrogen receptor
signaling by peroxisome proliferator-activated receptor gamma
ligands in uterine leiomyoma. Cancer Res. 2003;63(6):1221-1227.
Nagler A, Miao HQ, Aingorn H, Pines M, Genina O, Vlodavsky
I. Inhibition of collagen synthesis, smooth muscle cell prolifera-
tion, and injury-induced intimal hyperplasia by halofuginone.
Arterioscler Thromb Vasc Biol. 1997;17(1):194-202.
Miyazawa K, Kikuchi S, Fukuyama J, Hamano S, Ujiie A. Inhi-
bition of PDGF- and TGF-beta 1-induced collagen synthesis,
migration and proliferation by tranilast in vascular smooth mus-
cle cells from spontaneously hypertensive rats. Atherosclerosis.
1995;118(2):213-221.

Yamada H, Shigematsu T, Tajima S, Nishikawa T. Screening of
potent inhibitors of collagen synthesis in cultured human skin
fibroblasts. Arch Dermatol Res. 1995;287(5):506-508.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

Shime H, Kariya M, Orii A, et al. Tranilast inhibits the prolifera-
tion of uterine leiomyoma cells in vitro through G1 arrest asso-
ciated with the induction of p21(wafl) and p53. J Clin
Endocrinol Metab. 2002;87(12):5610-5617.

Sharan C, Halder SK, Thota C, Jaleel T, Nair S, Al-Hendy A.
Vitamin D inhibits proliferation of human uterine leiomyoma
cells via catechol-O-methyltransferase. Fertil Steril. 2011;
95(1):247-253.

Blauer M, Rovio PH, Ylikomi T, Heinonen PK. Vitamin D inhi-
bits myometrial and leiomyoma cell proliferation in vitro. Fertil
Steril. 2009;91(5):1919-1925.

Halder SK, Goodwin JS, Al-Hendy A. 1,25-Dihydroxyvitamin
D3 reduces TGF-beta3-induced fibrosis-related gene expression
in human uterine leiomyoma cells. J Clini Endocrinol Metabol.
2011;96(4):E754-E762.

Halder SK, Osteen KG, Al-Hendy A. Vitamin D3 inhibits
expression and activities of matrix metalloproteinase-2 and -9
in human uterine fibroid cells. Hum Reprod. 2013;28(9):
2407-2416.

Halder SK, Sharan C, Al-Hendy A. 1,25-dihydroxyvitamin D3
treatment shrinks uterine leiomyoma tumors in the Eker rat
model. Biol Reprod. 2012;86(4):116.

Sabry M, Halder SK, Allah AS, Roshdy E, Rajaratnam V,
Al-Hendy A. Serum vitamin D3 level inversely correlates with
uterine fibroid volume in different ethnic groups: a cross-sectional
observational study. Int J Womens Health. 2013;5:93-100.
Paffoni A, Somigliana E, Vigano P, et al. Vitamin D status in
women with uterine leiomyomas. J Clin Endocrinol Metab.
2013;98(8):E1374-E1378.

Baird DD, Hill MC, Schectman JM, Hollis BW. Vitamin d and
the risk of uterine fibroids. Epidemiology. 2013;24(3):447-453.
Kurisawa M, Chung JE, Kim YJ, Uyama H, Kobayashi S.
Amplification of antioxidant activity and xanthine oxidase inhi-
bition of catechin by enzymatic polymerization. Biomacromole-
cules. 2003;4(3):469-471.

Sabry M, Al-Hendy A. Innovative oral treatments of uterine leio-
myoma. Obstet Gynecol Int. 2012;2012:943635.

Zhang D, Al-Hendy M, Richard-Davis G, et al. Green tea
extract inhibits proliferation of uterine leiomyoma cells in vitro
and in nude mice. Am J Obstet Gynecol. 2010;202(3):289.
€281-289.

Zhang D, Al-Hendy M, Richard-Davis G, Montgomery-Rice V,
Rajaratnam V, Al-Hendy A. Antiproliferative and proapoptotic
effects of epigallocatechin gallate on human leiomyoma cells.
Fertil Steril. 2010;94(5):1887-1893.

Roshdy E, Rajaratnam V, Maitra S, Sabry M, Allah AS,
Al-Hendy A. Treatment of symptomatic uterine fibroids with
green tea extract: a pilot randomized controlled clinical
study. Int J Womens Health. 2013;5:477-486.

Sabry M, Al-Hendy A. Medical treatment of uterine leiomyoma.
Reprod Sci. 2012;19(4):339-353.

Al-Hendy A, Salama S. Gene therapy and uterine leiomyoma: a
review. Hum Reprod Update. 2006;12(4):385-400.

Hassan MH, Salama SA, Arafa HM, Hamada FM, Al-Hendy A.
Adenovirus-mediated delivery of a dominant-negative estrogen
receptor gene in uterine leiomyoma cells abrogates estrogen- and

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

Doherty et al

25

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

progesterone-regulated gene expression. J Clin Endocrinol
Metab. 2007;92(10):3949-3957.

Al-Hendy A, Lee EJ, Wang HQ, Copland JA. Gene therapy of
uterine leiomyomas: adenovirus-mediated expression of domi-
nant negative estrogen receptor inhibits tumor growth in nude
mice. Am J Obstet Gynecol. 2004;191(5):1621-1631.

Hassan MH, Salama SA, Zhang D, et al. Gene therapy targeting
leiomyoma: adenovirus-mediated delivery of dominant-negative
estrogen receptor gene shrinks uterine tumors in Eker rat model.
Fertil Steril. 2010;93(1):239-250.

Hassan M, Zhang D, Salama S, et al. Towards fibroid gene ther-
apy: adenovirus-mediated delivery of herpes simplex virus 1
thymidine kinase gene/ganciclovir shrinks uterine leiomyoma
in the Eker rat model. Gynecol Obstet Invest. 2009;68(1):19-32.
Niu H, Simari RD, Zimmermann EM, Christman GM. Nonviral
vector-mediated thymidine kinase gene transfer and ganciclovir
treatment in leiomyoma cells. Obst Gynecol. 1998;91(5 pt 1):
735-740.

Salama SA, Kamel M, Christman G, Wang HQ, Fouad HM,
Al-Hendy A. Gene therapy of uterine leiomyoma: adenovirus-
mediated herpes simplex virus thymidine kinase/ganciclovir
treatment inhibits growth of human and rat leiomyoma cells in
vitro and in a nude mouse model. Gynecol Obstet Invest.
2007;63(2):61-70.

Hassan MH, Khatoon N, Curiel DT, Hamada FM, Arafa HM, Al-
Hendy A. Toward gene therapy of uterine fibroids: targeting
modified adenovirus to human leiomyoma cells. Hum Reprod.
2008;23(3):514-524.

Nair S, Curiel DT, Rajaratnam V, Thota C, Al-Hendy A. Target-
ing adenoviral vectors for enhanced gene therapy of uterine leio-
myomas. Hum Reprod. 2013;28(9):2398-2406.

Kim KH, Dmitriev I, O’Malley JP, et al. A phase I clinical trial
of Ad5.SSTR/TK.RGD, a novel infectivity-enhanced bicistronic
adenovirus, in patients with recurrent gynecologic cancer. Clin
Cancer Res. 2012;18(12):3440-3451.

Whiteman MK, Hillis SD, Jamieson DJ, et al. Inpatient hyster-
ectomy surveillance in the United States, 2000-2004. Am J
Obstet Gynecol. 2008;198(1):34. e31-e37.

ACOG Committee Opinion No. 444: choosing the route of hys-
terectomy for benign disease. Obstet Gynecol. 2009;114(5):
1156-1158.

Kjerulff KH, Rhodes JC, Langenberg PW, Harvey LA. Patient
satisfaction with results of hysterectomy. Am J Obstet Gynecol.
2000;183(6):1440-1447.

Weber AM, Walters MD, Schover LR, Church JM, Piedmonte
MR. Functional outcomes and satisfaction after abdominal hys-
terectomy. Am J Obstet Gynecol. 1999;181(3):530-535.
Nieboer TE, Johnson N, Lethaby A, et al. Surgical approach to
hysterectomy for benign gynaecological disease. Cochrane
Database Syst Rev. 2009;(3):CD003677.

Sculpher M, Manca A, Abbott J, Fountain J, Mason S, Garry R.
Cost effectiveness analysis of laparoscopic hysterectomy com-
pared with standard hysterectomy: results from a randomised
trial. BMJ. 2004;328(7432):134.

Dicker RC, Greenspan JR, Strauss LT, et al. Complications
of abdominal and vaginal hysterectomy among women of

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

reproductive age in the United States. The collaborative
review of sterilization. Am J Obstet Gynecol. 1982;144(7):
841-848.

Benassi L, Rossi T, Kaihura CT, et al. Abdominal or vaginal
hysterectomy for enlarged uteri: a randomized clinical trial.
Am J Obstet Gynecol. 2002;187(6):1561-1565.

Liu H, Lu D, Wang L, Shi G, Song H, Clarke J. Robotic surgery
for benign gynaecological disease. Cochrane Database Syst Rev.
2012;2:CD008978.

Cohen LS, Valle RF. Role of vaginal sonography and hysteroso-
nography in the endoscopic treatment of uterine myomas. Fertil
Steril. 2000;73(2):197-204.

Fauconnier A, Chapron C, Babaki-Fard K, Dubuisson JB. Recur-
rence of leiomyomata after myomectomy. Hum Reprod Update.
2000;6(6):595-602.

Candiani GB, Fedele L, Parazzini F, Villa L. Risk of recurrence
after myomectomy. Br J Obstet Gynaecol. 1991;98(4):385-389.
Doridot V, Dubuisson JB, Chapron C, Fauconnier A, Babaki-Fard
K. Recurrence of leiomyomata after laparoscopic myomectomy.
J Am Assoc Gynecol Laparosc. 2001;8(4):495-500.

Nezhat FR, Roemisch M, Nezhat CH, Seidman DS, Nezhat CR.
Recurrence rate after laparoscopic myomectomy. J Am Assoc
Gynecol Laparosc. 1998;5(3):237-240.

Malone LJ. Myomectomy: recurrence after removal of soli-
tary and multiple myomas. Obstet Gynecol. 1969;34(2):
200-203.

Obed JY, Omigbodun A. Rupture of the uterus in patients with
previous myomectomy and primary caesarean section scars:
A comparison. J Obstet Gynaecol. 1996;16(1):16-21.

Kelly BA, Bright P, Mackenzie 1Z. Does the surgical approach
used for myomectomy influence the morbidity in subsequent
pregnancy? J Obstet Gynaecol. 2008;28(1):77-81.

Goldfarb HA. Laparoscopic coagulation of myoma (myolysis).
Obstet Gynecol Clin North Am. 1995;22(4):807-819.

Zupi E, Piredda A, Marconi D, et al. Directed laparoscopic cryo-
myolysis: a possible alternative to myomectomy and/or hyster-
ectomy for symptomatic leiomyomas. Am J Obstet Gynecol.
2004;190(3):639-643.

Visvanathan D, Connell R, Hall-Craggs MA, Cutner AS, Bown
SG. Interstitial laser photocoagulation for uterine myomas. Am J
Obstet Gynecol. 2002;187(2):382-384.

Arcangeli S, Pasquarette MM. Gravid uterine rupture after myo-
lysis. Obstet Gynecol. 1997;89(5 pt 2):857.

American Society for Reproductive Medicine. Myomas and
reproductive  function. Fertil Steril. 2008;90(5 suppl):
S125-S130.

Ravina JH, Herbreteau D, Ciraru-Vigneron N, et al. Arterial
embolisation to treat uterine Lancet. 1995;
346(8976):671-672.

Pron G, Bennett J, Common A, et al. The ontario uterine fibroid

myomata.

embolization trial. part 2. uterine fibroid reduction and symptom
relief after uterine artery embolization for fibroids. Fertil Steril.
2003;79(1):120-127.

Walker WJ, Pelage JP. Uterine artery embolisation for sympto-
matic fibroids: clinical results in 400 women with imaging fol-
low up. BJOG. 2002;109(11):1262-1272.

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/

26 Reproductive Sciences
273. SOGC clinical practice guidelines. Uterine fibroid embolization 278. Mara M, Horak P, Kubinova K, Dundr P, Belsan T, Kuzel D.
(UFE). Number 150, October 2004. Int J Gynaecol Obstet. 2005; Hysteroscopy after uterine fibroid embolization: evaluation of
89(3):305-318. intrauterine findings in 127 patients. J Obstet Gynaecol Res.
274. Moss JG, Cooper KG, Khaund A, et al. Randomised comparison 2012;38(5):823-831.
of uterine artery embolisation (UAE) with surgical treatment in ~ 279. Mara M, Maskova J, Fucikova Z, Kuzel D, Belsan T, Sosna O.
patients with symptomatic uterine fibroids (REST trial): 5-year Midterm clinical and first reproductive results of a randomized
results. BJOG. 2011;118(8):936-944. controlled trial comparing uterine fibroid embolization and myo-
275. Pron G, Mocarski E, Bennett J, et al. Pregnancy after uterine mectomy. Cardiovasc Int Radiol. 2008;31(1):73-85.
artery embolization for leiomyomata: the Ontario multicenter 280. Hald K, Noreng HJ, Istre O, Klow NE. Uterine artery emboliza-
trial. Obstet Gynecol. 2005;105(1):67-76. tion versus laparoscopic occlusion of uterine arteries for leio-
276. Chrisman HB, Saker MB, Ryu RK, et al. The impact of uterine myomas: long-term results of a randomized comparative trial.
fibroid embolization on resumption of menses and ovarian func- J Vasc Int Radiol. 2009;20(10):1303-1310.
tion. J Vasc Interv Radiol. 2000;11(6):699-703. 281. Kuzel D, Mara M, Horak P, et al. Comparative outcomes of hys-

277.

Rashid S, Khaund A, Murray LS, et al. The effects of uterine
artery embolisation and surgical treatment on ovarian function
in women with uterine fibroids. BJOG. 2010;117(8):985-989.

teroscopic examinations performed after uterine artery emboli-
zation or laparoscopic uterine artery occlusion to treat
leiomyomas. Fertil Steril. 2011;95(6):2143-2145.

Downloaded from rsx.sagepub.com at PENNSYLVANIA STATE UNIV on May 8, 2016


http://rsx.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


