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Abstract

Uterine leiomyomas, or fibroids, are the most comiypoeported benign tumors of
fertile women, affecting up to 70% of women of iguictive age. The majority of
women with leiomyomas either remain asymptomatidearelop symptoms gradually
over time. When patients are symptomatic, the eadfitheir complaints are often
attributable to number, size and/or location ofrtfibroids. Bulky fibroids cause
symptoms as a result of pressure on adjacent grgaas as the bladder, bowel or
ureters. These symptoms may include pelvic painpgesisure, dysmenorrhea,
dyspareunia, incontinence or constipation. In @astfrsubmucosal leiomyomas are more
likely to cause abnormal uterine bleeding and imgahfertility. In the United States, it is
estimated that the total economic impact relatdtbtoids is between 6 and 34 billion
dollars, which includes the direct costs of healihe as well as the indirect costs due to

lost wages, disability and obstetric complications.
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<A> Goalsof Treatment

The management of uterine leiomyomas varies snifly depending on a patient’s age,
symptoms, and reproductive plans. Although raneidig enlarging leiomyomas or those
with abnormal features on ultrasound or MRI warsanmgical management and
gynaecologic oncology consultation to rule out gpadincy, such as leiomyosarcoma. For
the majority of patients, however, surgery is cdased elective, and plans for surgery
will be dependent on each patient’s preferencedMahy women opt to defer surgical
management, and in others surgical managemennisagudicated or considered high
risk. Therefore, appropriate selection of medicahagement (hormonal versus non-
hormonal) is necessary and will vary based on #iept's medical history,
symptomatology and goals for treatment [2], [3fedtment should satisfy three
purposes: relief of signs and symptoms, sustaieedation of fibroid size, and
maintenance or improvement of fertility, while mimzing side effects [4], [5]. Because
of their benign nature, the most conservative {heméic choice should be considered in
order to minimize morbidity and/or side effects,illoptimizing the patient’s outcome.
In patients with asymptomatic leiomyomas or thogé winimal symptoms who do not
desire future fertility, intervention can be deldyss long as close and appropriate follow
up is ensured. At this time, there is insufficiemidence to support medical or surgical
treatment of fibroids in asymptomatic patients [edical management may be
particularly useful in cases of peri-menopausal eorsince they are unlikely to develop
new symptoms and their fibroids will likely regresfser menopause due to the lack of

hormonal stimuli [7]. Furthermore, medical managetme appropriate for patients with



multiple medical comorbidities in whom surgicalentention is generally
contraindicated.

The first consideration before undertaking anydpgrshould be the
determination of whether a patient wishes to careedin modern times, many women
choose to postpone their first pregnancy to the lpart of their reproductive years, and
so the request for uterine preservation to mairfetiity is becoming more and more
relevant in the gynaecologist’s daily practice. pigsthe development of new medical
therapies for the reduction of fibroid size anewathtion of symptoms, impaired fertility
remains an indication for myomectomy, while hysteweny, ether total or subtotal,
remains the best option for those symptomatic ptgieho do not desire future fertility
and prefer definitive treatment.

Medical therapy may also play a role as a tempagimneasure for symptomatic
women approaching menopause who wish to avoid&lrimitervention For women
requiring surgery, medical therapy may be utilipegl-operatively to minimize bleeding
and thereby improve preoperative haemoglobin lewelt decrease leiomyoma size in
preparation for a minimally invasive surgical apgmb. Excessive menstrual blood loss is
the leading cause of anaemia in the premenopaasadpand patients with fibroids may
have a prolonged history of heavy bleeding [8] axay be significantly anaemic.
Normalization of haemoglobin levels pre-operativislmperative to minimize the
morbidity associated with intraoperative and/ortppsrative blood transfusions [9].
This can be achieved through oral iron therapyh siscferrous sulfate 325 mg twice or
three times per day [8]. In those that cannot &iéeoral administration, parental therapy

is an alternative to help restore the body’s inmmes [8]. Both oral and parental iron



supplementation have been shown to improve anammi@nce the anaemia is corrected,
the administration should be continued for at I@astonths. To aid in decreasing blood
loss and improving anaemia, GNnRH agonists can\mngire-operative to improve pre-
operative haemoglobin levels, however, one potengigative effect is the reported
softening of myomas that may cause more difficidaeage of the myoma from the

pseudocapsule during surgery [10], [11].

<A> Generalities of medical management

The medical management of leiomyomas should aimpoove a patient’s quality of life
by reducing signs and symptoms, while also miningzide effects. Medical treatment
may be preferred over a surgical approach, espeoigbatients who would like to avoid
risks inherent to surgery or who desire uterines@eation. However, the adverse effects
associated with prolonged medical therapies lihetduration of their use. In addition, a
rebound increase in size of the leiomyomas cambedrafter discontinuing hormonal
medical therapy [12].

Hormonal: The widely accepted concept that the ovarian stdrarmones estradiol and
progesterone support leiomyoma growth was initiptlyposed because of their
frequency during the reproductive years, growthrdupregnancy and regression after
menopause. A number of subsequanitro andin vivo studies demonstrated the role of
ovarian steroid hormones in promotion of leiomyase# proliferation [13], [14], [15],
[16], providing rationale for the use of medicatapies such as GnRH agonists to
reduce circulating steroid hormone levels, induse-galled “pseudomenopause state,”

and thereby reduce fibroid size [17]. A recentgtdemonstrated a pivotal role of



progesterone in stimulating the growth of smootlschicells and the deposit of the
extracellular matrix (ECM), opening new therapeitriplications for the use of
antiprogestins [18], [19].

Non-hormonal: The role of excessive growth of a disorganized EGMontributing to
fibroid symptomatology has transformed the ECM a®\el target for medical

treatment, and therapies aimed to reduce the degfazillagen have therefore been
developed [20]. There are non-hormonal medicatisash as pro-coagulating agents and
non-steroidal anti-inflammatory drugs, that areednat controlling symptoms of
abnormal uterine bleeding and pain, but have margiffiects on fibroid growth or size

[21], [22].

<A> Hormonal Medical M anagement

The rationale for the utilization of hormonal medimanagement stems from research
demonstrating the increased expression of estragdiprogesterone receptors in
leiomyoma cells relative to normal myometrium [22Y4], [25], [13]. Moreover, studies
have demonstrated that the ovarian steroids estrad progesterone stimulate
leiomyoma growth [13], [14], [15], [16]. This haad to the advent of various forms of
hormonal medical management to block the stimweadffiects of ovarian steroids,
decrease fibroid growth and alleviate symptoms amen with leiomyomas. Some
patients may benefit from preoperative hormonalinsgdnanagement to reduce fibroid
size or uterine volume, increase pre-operative loggwbin levels, and control bleeding
[1], [23], [26]. Often, hormonal medical managemisnitilized only in the short term

since long-term use is associated with minimal @altkl benefit and increased risk of



adverse events, such as osteoporosis [23]. Irséuison, we will focus on the available

hormonal treatment modalities for uterine leiomyoma

a) <B> Combination oral contraceptive pills (COCs)
To date, COCs are one of the most commonly prestttiberapies in the management of
women with abnormal uterine bleeding, but havetkohiefficacy in the management of
leiomyoma-related uterine bleeding. Since leiomya@mavth is stimulated by both
estrogens and progestins [13], [15], [16], COCsisruld not be expected to provide
symptomatic relief in terms reduction of leiomyoutdume. In the short term, COCs
can be used to improve heavy menstrual bleedingcedsd with fibroids [6], primarily
through their suppressive effects on the endon@iridiferation, but overall have no
influence in decreasing leiomyoma volume or utesize [27], [28]. The advantages of
COCs are the ease of accessibility, oral admiristralow cost, and minimal side effect
profile [5]. However, generally, COCs are not macoended for the treatment of
abnormal uterine bleeding or bulk symptoms assediatith leiomyomas, and patients
should be offered alternative therapies for symgiiterrelief, such as abnormal bleeding

or pain.

b) <B> Gonadotropin Releasing Hormone (GnRH) Agonists
GnRH agonists were one of the first medical thespitilized for the treatment of
leiomyomas. In 1999, the FDA approved leuprolidetate for short-term use as a pre-
operative adjunct in women with symptomatic leiommgs [26]. GnRH agonists are

synthetic peptides that are structurally relatedrtdogenous GnRH, however have longer



half-lives, greater receptor affinity, and gregietency through the alteration of the
amino acids at the 6 or 10 positions [26], [290][Native GnRH is a decapeptide that is
released from the hypothalamus in a pulsatile tashi

i) Mechanism of Action: When GnRH agonists are administered in the faliic
phase, an initial stimulation of follicle stimulagj hormone (FSH) and luteinizing
hormone (LH) release occurs, recognized as the @Hect. With continuous (as opposed
to pulsatile) administration of GnRH agonists, denggulation of pituitary GnRH
receptors occurs, causing a decrease in the prodwftFSH and LH and subsequently
of gonadal steroids [5], [29], [30]. This ultimbteesults in a hypoestrogenic state,
which contributes to the pharmacologic efficacyaofRH agonists [3], since leiomyoma
growth is stimulated by estrogen. Several studéa®& demonstrated that tumor
shrinkage may be directly proportional to the nundjesstrogen receptor (ER) positive
cells [23], [13], [31]. In addition, GnRH agonistsay have direct effects on leiomyomas
by increasing matrix metalloproteinase (MMP) pradut and decreasing the expression
of veriscan [1], a chondroitin sulfate proteoglydhat is an important structure in the
extracellular matrix (ECM), influencing tumor grdwé&nd proliferation [32]. Additional
studies are underway to evaluate the applicatidacal GnRH analogs, for example
through an intrauterine system, since they apmehave some direct effects on uterine
leiomyomas [1]. Previous studies have demonstriiiegresence of GnRH receptor
MRNA as well as GnRH-specific binding sites witlegiomyoma cells, which supports a
direct effect of GnRH agonists on leiomyoma regoesg33], [34].

ii) Efficacy: GnRH agonists have been studied for the treatofesgmptomatic

leiomyomas for more than 25 years, and the thetapleenefits are notable. Within the



first 3-6 months of treatment, most women have-&3% reduction in fibroid volume
and significant improvement of their symptoms, wipkermitting the option for fertility
preservation [5], [26], (21), (22), (23). A 2000cPoane systematic review evaluated 26
randomized controlled trials to determine the effic of GhnRH agonists when used
preoperatively before hysterectomy or myomecton®y}.[3 significant reduction was
noted in uterine volume, uterine gestational dibepid volume, and duration of hospital
stay in those treated with GnRH agonists when coetpaith women treated with
placebo, no therapy, or other medical therapy [[B%], [36]. In addition, operative time
for hysterectomy was significantly reduced, andsthveated with GnRH agonists were
more likely to undergo a minimally invasive approdc their hysterectomy (i.e., vaginal
rather than an abdominal hysterectomy) [35]. R&ieeceiving GnRH agonists
preoperatively also had significant improvementpetvic symptoms and both pre- and
post-operative haemoglobin levels [26], [35]. Thaathors concluded that GnRH
agonist utilization for at least 3 months priostagery provides the benefits of reduction
in uterine volume and fibroid size, controlled adperative bleeding, and the correction
of pre-operative anaemia [14], [1], [35]. Thegsaf GnRH agonists seems to be more
beneficial in cases of large myomas (>10 cm) ifrth@mectomy is to be performed
laparoscopically and can help reduce operative, imeoperative bleeding and risk of
blood transfusion [37]. Furthermore, GnRH analogsy also be useful prior to
hysteroscopic resection of submucosal myomas (G0-&add one randomized controlled
trial demonstrated that preoperative GnRH agorssthelped decrease operative times,
fluid absorption, and the difficulty of the hysteompic procedure [38]. Perrone et al. [39]

evaluated depot leuprolide acetate (11.25 mg e@gays) for at least 6 months as an



alternative to surgery in premenopausal women gréhan 45 years old. They reported
similar efficacy between single and repeated dagh,a reduction in symptoms reported
by 88% of patients receiving GnRH agonists, angigoificant differences in self-

reported sexual function [39].

i) Disadvantages/Sde Effects: The most commonly reported side effects of GnRH
agonists are related to the hypoestrogenic stdteecad, the major limitation for long-
term use, resulting in bothersome hot flushes, nab@ehges and vaginal dryness [5],
[40]. In addition, the hypoestrogenic state leadsone demineralization and over the
long term can result in decreased bone mineraliyg{@&MD) [14], [23], [41], [42],
causing as much as a 5.5% reduction in BMD of geeswithin the first 6 months of
mono-therapy [43]. Moreover, treatment is assediatith changes within the
leiomyoma that may complicate surgical interventideuprolide acetate treatment
preoperatively can cause leiomyoma degeneratiorohblitgration of the cleavage plane
between the myoma and the pseudocapsule, makireptleeation process and removal
of fibroids difficult [31]. These myxoid changesagncause very small leiomyomas may
to become too soft and difficult to visualize, ahding myomectomy these leiomyomas
may remain left behind. Other disadvantages &trment include the relatively high cost
of therapy and rapid regrowth of leiomyomas after ¢essation of treatment [14], [41].
Multiple studies have demonstrated that after ¢essaf leuprolide acetate treatment,
leiomyomas typically grow within 3 months, whichrttuer demonstrates the stimulatory

role of estrogen on fibroid proliferation and grov®], [26], [44], [13].
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As a result of the profound hypoestrogenic sidea$, long-term GnRH agonist
therapy necessitates the use of hormonal add-bacpy to offset some of the
hypoestrogenic symptoms and preserve bone minersity [43]. Add-back agents must
be selected appropriately to reduce side efferigtave compliance and allow prolonged
therapy, while at the same time not compromisirggli@nefits of GnRH agonist therapy
[42]. Add-back therapy may include either the akestrogens, progestins, or combined
estrogens and progestins. An example of such adk-b the use of tibolone, a synthetic
steroid with weak estrogenic and progestogen &gtivi combination with GnRH
agonists, which does not interfere with symptomrisrpment and provides similar
reductions in fibroid volume [45], [46]. In a rand&zed, placebo controlled study, 75
women with symptomatic leiomyomas were administ&iditer placebo or tibolone 2.5
mg, in combination with the GnRH agonist goser€hi® mg subcutaneous implants
monthly), for 3 or 6 months (30). Those receivitbglone had better preservation of
BMD (2% loss in spinal BMD, versus 5.5% loss in ghacebo group p<0.001), and
equivalent efficacy in reduction of leiomyoma s&ed leiomyoma-related symptoms

[43].

c) <B> Gonadotropin Releasing Hor mone (GnRH) Antagonists
First and second generation GnRH antagonists heae aévailable for over 25 years, but
their use was greatly limited because of their s=g@le effect profile (histamine release
and allergic reactions). The advent of third gatien GnRH antagonists, with an
improved side effect profile, allowed for their usehe treatment of women with

symptomatic leiomyomas [47]. The antagonistic proge are created by substituting
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one amino acid at either the 1, 2, 3, 6 or 8 pmsdtin the original decapeptide GnRH
[29], [30], causing GnRH antagonists to competd witdogenous GnRH for pituitary
binding sites. GnRH antagonists act immediatelyuppress FSH and LH secretion by
blocking pituitary GNnRH receptors [29], [47]. Thebsequent reduction in estradiol
levels leads to improvement in bleeding patterrtsraduction in leiomyoma size as
early as 3 weeks after initiation of treatment [@0]). Because of its rapid onset of
action, and avoidance of a gonadotropin flare phastgents experience faster symptom
relief [29], [13], [47]. Moreover, in women expericing hypoestrogenic symptoms,
discontinuation of the medication provides rapigiavement of side effects [13].
Multiple observational studies have demonstratedpggmatic improvement and
reduction in uterine fibroid volume after GnRH ayaaist therapy [29], [48]. For
example, the daily administration of ganirelix 2mgremenopausal women was
associated with a 42.7% (14.1-77.0%) reductiore@nhyoma volume and 46.6% (6.1-
78.6%) reduction of uterine volume over a mediaatnent duration of 19 days [29],
[49]. This rapid reduction in fibroid volume wasrsiarly demonstrated in another
observational study that noted a 31% decreaséiiaidi volume after 14 days of
treatment, that was not accompanied by a flarezaigmnadotropin secretion [5]. Overall,
the available evidence supporting the use of GnRgonists in the treatment of
symptomatic fibroids is limited to observationaldies and therefore, in the United
States, cetrorelix and ganirelix (injectable GnRtthgonists) are rarely utilized in the
treatment of fibroids. In addition, the cost GnRiagonists is prohibitive, ranging from
15 to 25 thousand dollars per month [48], furtlhmiting their use. The requirement for

daily injections is another major limitation, sinteere are no available long acting
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preparations [47], [48]. Since there are no sigaift additional benefits of GhnRH
antagonists when compared to GnRH agonists [3d]eaidence supporting their use is
limited, clinicians should generally not use theseications for the symptomatic

treatment of uterine leiomyomas.

d) <B> Levonorgestre- Intrauterine system (LNG-1US)

In 2009, the FDA approved the LNG-IUS to treat hemenstrual bleeding in women
choosing an intrauterine device for contraceptB].[ Although numerous studies
indicate improvement in menstrual bleeding and regabin levels when used in
women with leiomyomas, they do not demonstratepgmexiable change in fibroid
volumes, as measured by MRI and other imaging niteeta]26], [23], [50], [51]. The
reduction in fibroid-related bleeding and symptdrmas been reported in several studies.
One observational study of sixty perimenopausal emmith leiomyomas and excessive
bleeding demonstrated that the LNG-IUS obviatedhied for hysterectomy in 89.5% of
users [52]. Still, some studies demonstrate liidaefit in the treatment of fibroid-related
symptoms. Mercorio et al. reported no improvemémeiomyoma symptomatology with
the LNG-IUS, as well as an expulsion rate of 12%].[3Because of these conflicting
studies the LNG-IUS as a treatment modality fooheyoma needs further investigation
[53], and randomized controlled trials are needefdity elucidate the benefits of the
LNG-IUS, if any, on leiomyoma symptoms and leiomyosize reduction.

Once inserted, the LNG-IUS is effective for ugbtgears, thus potentially
providing women with a long term treatment optidh [Because it is not administered

systemically, there are minimal reported side e$fe@nd patient compliance is
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eliminated once insertion is completed, since tier® need for daily/monthly injections
[5]. However, given the increased risk of exputsithe LNG-IUS is contraindicated in
patients with severe uterine cavity distortion [3B], [42]. Nevertheless, because of the
notable reduction in bleeding, re-insertion of tNG-IUS was requested by most
women with symptomatic and large intramural leiomgowho had a history of

spontaneous expulsion [51].

€) <B> Danazol
Danazol, an isoxazole derivative ofot&thinyl testosterone, causes a hypoestrogenic
state and acts specifically at the level of thaifaty, ovary, and endometrium. It causes
inhibition of pituitary gonadotropin secretion aoarian steroid production, specifically
resulting in low circulating estradiol levels, aamdnore androgenic hormonal milieu [36],
[13]. When prescribed for the treatment of symmbuterine fibroids, danazol is
administered at a dosage between 100-400 mg/day4do 6 month duration. In an
observational study of 15 premenopausal women,zidat a dosage of 100 mg/day,
reduced leiomyoma size by 37.6% + 10%, and uteriheme by 29% + 6.8% (p<0.05
for both), while improving haemoglobin concentrasand inducing endometrial atrophy
[54]. The molecular mechanisms involved in altgramd reducing fibroid size are not
clear [42], [13]. Danazol is effective in the shtarm but is overall less effective than
GnRH agonists in the treatment of symptomatic Igiomas. In addition, side effects are
very common, which primarily include weight gainyscle cramps, edema, hot flushes,
hirsutism, headaches, depression, skin rash, aahararogenic effects, such as

deepening of the voice [29]. Because danazol ssdffective than GnRH agonists, and
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because of its many associated side effects, &susomen with symptomatic

leiomyomas is generally discouraged.

f) <B> Gestrinone
Gestrinone is a synthetic steroid derived fromrgthmnortestosterone that has both
antiestrogenic and antiprogestogenic properti¢sdrendometrium and other tissues
containing estrogen and progesterone receptord4Z9][55]. A small number of
studies have demonstrated reduction in leiomyonhanwe with the use of gestrinone.
The proposed mechanism of action of gestrinon@ianr antagonistic effect at estrogen
and progesterone receptors, down-regulating theitgadf multiple genes regulating
growth and proliferation, resulting in reduced @iat size [56]. In a study of 24 women
given gestrinone, all women reported suppressianafstruation by the end of the
second month of treatment [57]. In another studgestrinone, the benefits of treatment
lasted 18 months following a 6-month treatment sedb5]. The relatively slow
reactivation of fibroid growth makes this treatmeption appealing. An observational
study in Italy demonstrated a 32% reduction iningvolume in premenopausal women
given gestrinone 2.5mg twice per week for 6 moatha treatment for their fibroids [55].
However, gestrinone has a similar side effect praéi danazol, and thus renders this
medication intolerable for some. Reported sidea#f include weight gain, edema,
decreased breast size, hirsutism, hot flushes, amhéeadaches [29], [13], [47], [55].
Overall, the available studies evaluating gestrenas a therapy for the management of

uterine leiomyomas are few and limited to small bers of patients, and thus this
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medication is not recommended until more data taiobd via larger randomized

controlled trials.

g) <B> Aromatase I nhibitors
Aromatase inhibitors block estrogen synthesis ybiting or inactivating the
microsomal cytochrome p450 enzyme aromatase, vdaitdlyzes the synthesis of
estrogens from androgens via hydroxylation [269][250]. The reduction in estrogen
synthesis is detectable within 1 day of treatmantl aromatase is inhibited not only at
the level of the ovary, but also peripherally [2€8], [13]. Aromatase mRNA has been
detected in 90% of fibroids, but not in normal myadral tissue, and this may explain
how aromatase inhibitors act to suppress leiomygroath [58]. It has been
demonstrated that African American women have hdrigrevalence of leiomyomas,
and that the leiomyomas of African American womaméehhigher aromatase expression
than those of Caucasian or Japanese women [58$, Thmpared to other races, African
American women may be more responsive to aromatagators, making this class of
medications a beneficial target therapy [23], [58].
Two third-generation agents, letrozole (2.5mg dailyd anastrazole (1mg daily), have
been studied for the treatment of symptomatic lgi@mas. The benefits of these third-
generation agents are their rapid absorption [B0lastrazole does not appear to alter
cortisol or aldosterone levels, and is not assediatith androgenic or progestogenic
effects [59]. In an observational study of 20 praogausal women with symptomatic
fibroids, Hilario et al. [59] demonstrated that adistration of anastrazole (1mg/day) for

12 weeks resulted in up to a 32% reduction in fibsize, as well as a reduction in
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dysmenorrhea, menstrual blood loss, and durationesises [59]. Anastrazole at this
dosage was well tolerated, and there were no seadverse effects [26], [59]. Another
observational study of premenopausal women tresiiddetrozole 5 mg/day for 3
months demonstrated a 46.72% mean reduction ohigima volume and a 21.67%
mean reduction in uterine volume (p<0.01 for b¢@®). Menstrual blood loss was
improved and no adverse effects on bone mineraityewere seen [60]. However, 56%
of women taking letrozole developed follicular syshost of which resolved shortly
after treatment [60]. Because of this potentsl,rsome have recommended concomitant
treatment with GNnRH agonists (or antagonists)ogsin or progestins to prevent the
increase in gonadotropin secretion [13]. Altevelli, a lower dose of letrozole
(2.5mg/day) may be considered, and women treatddtinis dose for 3 months had no
ovarian cyst formation, while still showing benéiaeductions in fibroid volume [13].
Another observational study of 30 symptomatic preopausal women with at least one
fibroid measuring 4 cm in size, given letrozole thg/day for 12 weeks, noted a
significant reduction in myoma volume and myoma&g&.4 + 1.3cm to 4.3 £ 0.9 cm,
p<0.05), and improved symptomatology, which peesisip to 3 months after treatment
cessation [61].

To date there is one randomized trial comparingtete and the GnRH agonist
triptorelin for 12 weeks of treatment in premengg@women with symptomatic fibroids
[62]. This study included a total of 70 patierstsd after 12 weeks, those treated with
letrozole had a 45.6% reduction in fibroid volumet significantly different than the
33.2% reduction in the GnRH agonist group [62]haligh the individual studies all

report an improvement in leiomyoma size and bleggetterns with the use of
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aromatase inhibitors [23], [62], a Cochrane revadwne eligible study concluded that
the evidence was still insufficient to fully supptite use of aromatase inhibitors for
women with symptomatic leiomyoma [50]. One limitatiin their use is the frequent side
effect of vasomotor symptoms owing to hypoestragienialthough the proportion of
women experiencing these symptoms is lower thahdse taking GnRH agonists [62].
In addition, many other side effects of aromatasébitors limit their use, such as
vaginal dryness, musculoskeletal pain, risk of boemineralization with prolonged use,
and ovarian cyst formation. The therapeutic beseiitd adverse effects require further
investigation with large-scale studies. At thisd¢iaromatase inhibitors are only used as

an off label option for leiomyoma management [28].

h) <B> Somatostatin analogues
Since leiomyomas have higher expression of IGFHII&F-II receptors than normal
myometrium [63], [64] somatostatin analogues, whidtibit pituitary growth hormone
secretion, have been investigated as a treatméaibofiyomas [23]. Lanreotide is a long
acting somatostatin analog available in depot forat has been shown to reduce growth
hormone secretion [65]. A very small observatistatly evaluated the use of depot
lanreotide (30mg every 14 days, for a 3 month domain seven women with
leiomyomas, and noted a 41.6% reduction in meamigdma volume and a 24%
reduction in uterine volume after 3 months of tipgrgg5]. At this time, somatostatin
analogues are still emerging as a potential nevafiyefor the management of

leiomyoma. Additional studies are needed befoseranommendations can be made
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about their efficacy, safety and use as a treatmealiality for women with symptomatic

leiomyoma.

i) <B> Cabergoline
Cabergoline is a dopamine agonist that is most contyrprescribed for the treatment of
hyperprolactinemia. The theoretical basis fougs in the medical management of
leiomyoma lies in its dopaminergic inhibitory eff@mn secretion of GnRH, which should
ultimately result in a reduction in GnRH and a niilgpboestrogenic state [29]. There are
only a few small studies that have evaluated fisafy in women with symptomatic
leiomyomas. One study [66] demonstrated a reda@tideiomyoma size of
approximately 50% after 6 weeks of use [66], whias comparable to the reduction in
size seen with the GnRH agonist, diphereline [@Bferall, cabergoline is well tolerated
and has few adverse effects [29]. However, largedomized controlled trials are
warranted to better assess the potential use®frtedication in the management of

fibroids [47].

J) <B> Selective Estrogen Receptor Modulators (SERMs)
SERMs are non-steroidal estrogen receptor (ERpdigdhat display tissue-specific ER
agonist and/or antagonist estrogenic actions sgué-specific alterations in gene
expression. These medications are most commontyfos¢he treatment of ER-positive
breast carcinoma [23]. Two of the most commonlyglgd SERMs in the treatment of

leiomyomas include tamoxifen and raloxifene.
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Tamoxifen is a partial ER agonist in bone, cardsoudar tissue and the endometrium,
but has antagonistic effects in the breast andnvitte central nervous system [13]. One
small randomized, blinded controlled trial compar@aoxifen 20 mg daily versus
placebo in women with symptomatic leiomyomas [6F&tients were treated for a 6
month duration, and those receiving tamoxifen hagyaificant improvement in
menstrual blood loss, but no improvement in fibrsik or uterine volume [67]. Study
subjects reported many side effects, includingfloghes, dizziness and benign
endometrial thickening. Endometrial thickeninguscdue to tamoxifen’s ER agonist
effect on the endometrium, which places patients@eased risk for endometrial
hyperplasia and malignancy if used long-term [1Berefore, the negative side effects
outweigh the marginal benefits of tamoxifen therfi8j [67], and tamoxifen use is not
recommended for the treatment of symptomatic lemmg. No randomized controlled
trials have been performed using tamoxifen becatifee potential risk of endometrial
hyperplasia and increased fibroid growth post demsaf therapy [23].

Raloxifene is second-generation SERM, with no agfarffects on the endometrium and
only subtle antiestrogenic effects in mammary st this time there is no data to
strongly support its use in the treatment of utefibroids [23]. A small randomized
controlled trial of 25 premenopausal women treatgl either raloxifene (180 mg/d) or
no treatment for 3 months demonstrated only a Stitation in fibroid volume with
raloxifene treatment, whereas a 13.1% increasdiiaifl volume was noted after 3
months in the control group [68]. Of note, lesatli0% of those in the treatment group
complained of vasomotor symptoms, making raloxiféreeapy more tolerable compared

to tamoxifen [68]. This trial was limited in sizacked the use of a placebo, demonstrated
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no significant beneficial effect in reduction dbrfoid volume, and thus cannot validate
the use of raloxifene at this time. A Cochraneeemvhich included 3 studies and a total
of 215 participants, evaluating the use of ralaéfén the treatment of symptomatic
leiomyoma, concluded that the effect of raloxiferfiect on fibroid size and bleeding
patterns is unclear and thus, larger controlledgrare still needed prior to

recommending its use [13], [69].

k) <B> Selective Progester one Receptor Modulators (SPRM )
SPRMs have tissue-specific effects at progestemrereptors (PRs), and can be full PR
agonists, antagonists, or have a mixed agonistjanist profile. These agents have
emerged as a promising therapy for the manageniem¢ione leiomyomas, given the
important role of progesterone in the promotiomeacdmyoma growth [70]. In vitro
studies demonstrate that progesterone stimulatdi$epative activity in cultured
leiomyoma cells, but not in normal myometrial c¢ds]. Thus, by altering progesterone
receptor signaling, SPRMs inhibit leiomyoma celtyleoliferation and stimulate
apoptosis of leiomyoma cells without affecting natrmyometrial cells [51], [70]. In
addition, in vitro studies demonstrate that SPRiMsdase alkaline phosphatase activity,
upregulate cleaved caspase 3 and downregulate Bdefbmyoma cells, thereby
decreasing cellular proliferation and increasing@psis [26], [1], [71], [72], [25].
SPRMs also induce suppression of neovascularizafionltured leiomyoma cells [41],
[25], [73]. SPRMs may be used for the managemelgiofmyomas in patients pre-

operatively or in those wanting to defer surgicalnagement [51], [70]. In the sections
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below, we will discuss the commonly studied SPRMsich have demonstrable
antiproliferative, proapoptotic and antifibroticti@ns on leiomyoma cells [13], [51].
Because SPRMs block progesterone action in themeelim, concern exists about the
development of endometrial hyperplasia in womemtakhese medications long-term
[13]. Evaluation of specimens from women treatdth PRMs reveal changes in the
endometrium that are benign in nature but necessitea need of a new category for
pathologic diagnosis, so that these changes capfrepriately classified [14], [23].
Progesterone receptor modulator endometrial cha®fesC) include the histologic
findings of endometrial glands lined by an incorayrsi epithelial cell type [74]. Glands
may appear dilated or cystic, however the cellk hattotic activity [13]. The histologic
changes are reversible [13], [74], [75], reinfogcthe concept that these changes are
distinctly different from endometrial hyperplasfm NIH-sponsored workshop was
conducted to further discuss the topic of PAEC amen receiving various SPRMs [1].
After extensive review of many specimens, pathaisgtoncluded that there was little
evidence of mitosis, consistent with the antipeshtive effect of SPRMs. Furthermore,
no specimens met criteria for endometrial hyperalasd changes seen were limited to
PAEC [72]. Clinicians should be aware of thesenges within the endometrium and
follow these patients long term. Additional loreg¢h follow up studies are necessary to

fully define the outcomes associated with long-tesa of these agents [23], [13].

i) <C> Mifepristone (RU-486)

Mifepristone is a synthetic 19-norsteroid SPRM withmarily PR antagonist activity,

and was one of the first SPRMs to be developedcantmonly utilized [26], [13]. In
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addition, mifepristone has some antiglucocorticstlvity, but these effects are usually
only seen with doses exceeding 200mg daily [41].[Although mifepristone is most
commonly recognized as RU-486, an antiprogesteused as an abortifacient, it also
exhibits inhibitory effects on myoma growth [78jurphy and colleagues [77] were the
first to utilize mifepristone as a therapeutic agarthe management of leiomyoma. In
this observational study, the investigators adrtenésl mifepristone 50 mg/day, and
demonstrated a 49.0 = 9.2% reduction in uterineitbvolume (p <0.001 compared to
pretreatment measurements), as well as significanpproved menstrual bleeding
patterns, with all women reporting amenorrhea dytine treatment period [77]. A
follow-up prospective study by Murphy and colleagidemonstrated a similar reduction
in fibroid volume but utilized lower dosages of apfistone (5mg or 25 mg daily for 12
weeks) [78]. Since the initial studies evaluatinifepristone in women with symptomatic
leiomyoma, additional prospective trials and rana@ah controlled trials have been
conducted to further determine its efficacy aseaapeutic agent in these women. A
randomized controlled trial performed in India cargd mifepristone (10mg versus
25mg daily) for 3 months in women with symptomatierine fibroids [79]. Both
dosages provided similar symptomatic relief withrentihan a 90% reduction in
menstrual bleeding, but a greater reduction in ng/sime was noted in the group
receiving 25 mg of mifepristone when compared ®group receiving 10mg (35.7%
versus 22.5% reduction, respectively, p <0.05).[T8@E investigators concluded that
mifepristone is a reasonable choice for the manageof leiomyomas, since it also is

cost effective and has minimal side effects [79].
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Several systematic reviews have been conductesstesa the efficacy and safety of
mifepristone in the treatment of symptomatic lei@mmas. Shen and colleagues
conducted a meta-analysis of 11 randomized coattdiials, evaluating the use of
mifepristone (dose range 2.5 mg to 25 mg/day férmB8enths) in the treatment of
symptomatic fibroids [80]. All dosages reduceddidrvolume and menstrual bleeding,
without causing an increased risk of hyperplastj.[8nother systematic review [81] of

6 trials demonstrated that daily treatment withepifstone (5 to 50mg/day) for 3-6
months resulted in a 26-75% reduction in leiomym~olame, and decreased the severity
of dysmenorrhea, menorrhagia and pelvic pain [#1dwever, side effects were present
including hot flushes in approximately 38% of womand endometrial hyperplasia in
28% (10/36) of the women screened by endometrogddyi [28], [81]. The risk of
hyperplasia raised safety concerns regarding taetumifepristone. A subsequent 2012
Cochrane review of 3 randomized controlled trialaleating mifepristone for the
treatment of symptomatic fibroids demonstratedifigantly reduced bleeding and
improved quality of life in users of mifepristori®yt no significant reduction in fibroid
volume [82]. Mifepristone was therefore not recoemaled on the basis of this
systematic review until better powered randomizentrolled trials were conducted [82].
One study included in this review noted that 124t8nen in the mifepristone group
developed endometrial hyperplasia after three nwaotlherapy, versus 0/16 in the
placebo group [83]. Prolonged use of mifepristaregfeater than 6 months is associated
with the development of progesterone receptor naidubssociated endometrial changes
(PAEC) [81], and therefore treatment-free intenaaks recommended to decrease the risk

of endometrial changes.
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<C> Asoprisnil (J-867)

Asoprisnil is a SPRM with a high degree of bindaffinity for the progesterone

receptor, moderate binding affinity for the glucdwmmid receptor, weak binding affinity
for the androgen receptor, and no binding affifdtythe estrogen or mineralocorticoid
receptor [26]. Cultured leiomyoma cells express With a predominance of PR-A
compared to PR-B [84], and studies have demondtthtg asoprisnil increases the PR-
A/PR-B ratio in cultured leiomyoma cells, withouteating normal myometrial cells

[85]. The increased PR-A/PR-B ratio in responsasimprisnil correlates with a decreased
concentration of vascular endothelial growth fagide GF) isoforms expressed in human
leiomyoma cells, thereby decreasing myoma vas@aitoin and growth [25], [85].
Asoprisnil has also been shown to suppress expressiother angiogenic factors,
growth factors and receptors for VEGF and adrenaitfiadn leiomyoma cells [25],

[85]. This SPRM also induces apoptosis by activatire mitochondrial and tumor
necrosis factor-related apoptosis-inducing ligafdAIL) pathways in leiomyomas [26],
[25]. Furthermore, in in vitro studies, asoprisubpresses collage synthesis by
stimulating ECM-remodeling enzymes specificallycirtured leiomyoma cells while
preserving normal myometrial cells [26], [25].

A randomized controlled trial compared asoprishjli0 or 25 mg) versus placebo for 12
weeks in women with symptomatic leiomyomas [86].tAtee doses were associated
with a significant decrease in fibroid size, redmetin pressure symptoms, decreased
menstrual bleeding and increased haemoglobin leaetsup to 80% experienced

amenorrhea [86]. Treatment with asoprisnil was alverell tolerated, but approximately
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10% of women reported vasomotor side effects, coetptn 0% of women receiving
placebo [86]. Vasomotor side effects associated agoprisnil are generally minimal,
because the medication does not induce a hypoesirstate; circulating estradiol
concentrations remain in in the follicular phasegewhile on treatment with asoprisnil
[87], [86]. Overall, there is a minimal side effgobfile, and safety data has been
reassuring but further details regarding asopigseifects on bone mineral density,

fertility, and recurrence rates of leiomyoma aik Is¢ing investigated [41].

iii) <C> Telepristone (CDB-4124)

Telepristone is a potent antiprogestin with muds lantiglucocorticoid activity than
mifepristone [26]. Telepristone has selective tnovactivity, inhibiting the proliferation
of lelomyoma smooth muscle cells and inducing apgiptin these cells, without
affecting the normal myometrial smooth muscle d@8. A randomized, double
blinded placebo-controlled trial comparing 3 dosktelepristone (12.5, 25 or 50mg)
with placebo or depot leuprolide acetate (3.75 MgVery month) for a 3-month
treatment duration demonstrated that 12.5 mg eptedtone reduced fibroid size by
17.9%, 25 mg of telepristone reduced fibroid sigel0.3%, and 50mg of telepristone
reduced fibroid size by 40.3%. Depot leuprolidetateedecreased fibroid size by 32.6%,
and the placebo group only decreased fibroid syzE06% [26], [89]. Although this
study clearly demonstrates the utility of 25-50 telgpristone in diminishing fibroid size,
this was a very small study (30 women in totalhviit6 patients included in each
treatment arm) and the randomization scheme wadesatribed. A recent phase 2

clinical trial using telepristone vaginal supposjt;n 4 dose formulations (3, 6, 12, or 24
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mg) was conducted that demonstrated a favorabtme when using telepristone
12mg/ day vaginally with a demonstrable shrinkaibooid size [90]. The efficacy and
safety of telepristone warrants further study, gpedly a placebo-controlled phase 3

trial.

iv) <C> Ulipristal acetate (CDB-2914/VA2914)

Ulipristal acetate (UPA), a synthetic steroid dedvrom 19-norprogesterone [26], binds
the PR-A and PR-B with high affinity and has tisspecific antagonistic and partial
agonist effects [36], [72]. UPA is tissue selectmgth preferential binding noted in the
uterus, cervix, ovaries and hypothalamus [72].itrostudies demonstrate that it does
not activate proliferation of healthy uterine tisg6], [16], and inhibits leiomyoma
growth by down-regulating VEGF, and IGF-1 expresgis], [72]. In cultured
leiomyoma cells, UPA induces expression of MMPstqmlytic enzymes involved in
tissue remodeling, and decreases expression oétishibitor of metalloproteinases
(TIMPs) [72]. However, UPA does not affect MMP eaggsion in cultured myometrial
cells. [26], [72].

In Europe and Canada, UPA is licensed for usearfdhm of 5Smg/day for 3 months for
preoperative management of reproductive aged wamtbrsymptomatic leiomyomas
[5], [28], [36], [72]. In the United States, UPAapproved by the FDA for use only as an
emergency contraceptive, as Ella ®. UPA has dematest effectiveness in reducing
fibroid volume, decreasing menstrual bleeding, owg amenorrhea, and improving
quality of life in many women with symptomatic fdads, with overall minimal adverse

effects [14], [28].
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Many clinical studies have evaluated the efficatyBA in the treatment of
symptomatic leiomyomas, however the most widelgccgtudies investigating UPA
include the European phase Il studies, PGL4001A)Hficacy Assessment in
Reduction of Symptoms Due to Uterine Leiomyomat@BARL), which demonstrate
UPA efficacy [91], [44], [75]. PEARL | compared BRat 5 and 10 mg/day dosing with
placebo for a 13 week treatment period [75]. Pétigvere assessed using the pictoral
blood loss assessment chart (PBAC). Amenorrheaemsted by 73% of patients
treated with 5mg of UPA and by 82% of patients ieng 10 mg of UPA, while
amenorrhea was only noted in 6% of patients treatddplacebo [75]. Furthermore, the
majority of patients treated with UPA achieved aoremea within the first 10 days of
treatment [75]. Overall, 92% of patients who reediWJPA reported improvement in
uterine bleeding after 13 weeks of treatment, caethto only 19% of women receiving
placebo. Fibroid volumes, as measured by MRI, wageificantly decreased in women
treated with UPA compared with placebo (21% redurcin size with 5Smg of UPA, 12%
reduction in size with 10mg of UPA, and 3% reductio size with placebo, p=0.002)
[75]. PEARL Il was a double blinded, non-infertgrtrial that included 307 patients
randomly assigned to 5 or 10 mg of UPA versus al&aBonist, depot leuprolide
acetate, for 3 months of use [91]. PBAC was usasess menstrual blood loss, and
reduction in uterine bleeding was comparable inha#te groups, occurring in 98% of
those receiving 10mg UPA, 90% for 5mg of UPA, aB&ocSor leuprolide acetate [91].
However, median time to achieve amenorrhea wadgfisgntly less in women given
UPA (5-7 days) than in those given leuprolide aeefal days) [91]. Women receiving

leuprolide acetate had a 47% reduction in uterolame, compared with 20 and 22%
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reduction in the 5mg, and 10mg UPA groups, respelsti(p <0.05) [91]. However, there
were similar reductions in volume noted in the éstdibroids between these groups.
Given the overall findings, the investigators codeld that both UPA doses (5 and 10
mg/day) were noninferior to depot leuprolide aae(&8 75 mg/month) in controlling
uterine bleeding. The major benefit of UPA owargrolide acetate is a less
hypoestrogenic state, with significantly fewer vastdor symptoms and hot flushes
reported by women receiving UPA (10% versus 40%hénleuprolide acetate group,
p<0.001) [91]. PEARL Ill was an extension trial tlaasessed efficacy and safety of
long-term UPA treatment in women with symptomaiticdids [44]. Patients were treated
with UPA 10mg daily, followed by norethindrone aatet(NETA) 10 mg daily versus
placebo for 10 days. Thereafter, patients coulteeieave the study or continue UPA
10mg (and NETA/placebo) for up to three 12-weekrses [44]. In between each 12-
week course, patients received no treatment and reguired to have a full menses
before receiving additional UPA treatment. By émel of the & treatment course, 89.7%
of women experienced amenorrhea [44]. There wids E/6 median reduction in uterine
volume in women who completed four treatment cajraad at 3 months of follow-up
after discontinuation of treatment, there was 8%8median reduction in leiomyoma size
[44]. These results highlight the potential of URAlong-term medical management of
symptomatic uterine leiomyomas, which may allow somomen to avoid surgery [5],
[44]. In addition to the PEARL studies, a randordizéouble blinded placebo-controlled
trial in the United States evaluated UPA (10mg, §@mplacebo) for 12 weeks of
treatment [92]. Patients were also offered a sed@week treatment period. There

were no adverse events reported, and UPA was w#daotsignificantly controlling
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bleeding for 3-6 months, significantly reducingrbla size, and improving overall
quality of life [92].

Reported side effects of UPA treatment include behds and breast tenderness [91],
[44], [75], [92]. In addition, physiologic endomigtrchanges (PAEC) are possible. As
noted earlier, these are considered benign, coofstststic glandular dilation, and to date
have not been associated with an increased rishadmetrial hyperplasia or
malignancy. Clinicians and pathologists should wara of these changes in order to
avoid misclassifying as hyperplasia. However, thgeents require long term follow-up
since premalignant changes may take years to deviebmg-term studies are necessary
to evaluate such outcomes.

Clearly, UPA appears to have many advantages. alt ioral medication well tolerated
by most, and is highly effective in the treatmehsymptomatic leiomyomas, not only in
reducing menstrual bleeding related symptoms, lBotia decreasing fibroid, uterine
volume and improving overall quality of life. Th#exts of fibroid volume reduction
after treatment discontinuation also appear to beemrolonged with UPA than with
GnRH agonists [44]. In distinct contrast to leuelacetate, hypoestrogenic side effects
in women treated with UPA, if any, are minimal,c@rcirculating estradiol levels are
maintained in the mid-follicular range throughawatment duration [5], [14], [23]. This
improves patient satisfaction and compliance [IMbpreover, there is minimal
associated loss of bone mineral density. In amllitihe time to achieve UPA’s
therapeutic effects is relatively quick relativdeaprolide acetate, given that leuprolide
acetate initially has a gonadotropin “flare” effedten administered in the early follicular

phase, prior to induction of a hypoestrogenic daiteBased on these advantages, UPA
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may be the preferred choice for preoperative adjutleerapy in women with

symptomatic leiomyomas.

Overall, a variety of reasonable choices existtiermedical management of
symptomatic leiomyoma, and decision-making will elegh largely on degree of
symptomatology and overall goals for therapy 6leort-term/preoperative versus long-
term). Surgical management, while usually electigenains the only definitive therapy
for symptomatic leiomyomas. This section has dised the available hormonal options
that are both currently in use in Europe and thigddrStates, as well as others that are
still under investigation, such as aromatase intigj newer SPRMs, gestrinone, and
somatostatin analogues. Both UPA and leuproli@¢sée are appropriate choices for the
relief of pressure symptoms and abnormal uteriredihg, however UPA offers the
advantages of oral availability, rapid onset of@ctand minimal vasomotor symptoms.
The major disadvantage of UPA is the outstandimgem of the long-term effects of
UPA on the endometrium. Thus, patients should bmseled about available options and

treatment should be based on goals for therapy.

<A> Non-Hor monal M edical M anagement

a) <B> Tranexamic acid
Tranexamic acid is a synthetic lysine derivate pravents fibrin degradation through a
reversible block of the lysine binding site on ptéisogen. Tranexamic acid was
approved by the FDA in 2009, and is accepted waddvior the treatment of heavy

menstrual bleeding in women with and without filoi[13], [21].
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Mechanisms of action: The leading cause of heavy menstrual bleedin@iiepts

affected by leiomyomas is a change in the venaustsires of the myometrium and
endometrium, where the presence of fibroids caseagnule ectasia [93]. There is a
subsequent venous compression by the fibroid acal telease of vasoactive growth
factors into the blood supply. Moreover, becauds@®increase in the caliber of the
vessels, there is a resultant decrease in the hbaeenostatic actions of platelets and
other coagulation factors [94]. Tranexamic acidffgcacious under these circumstances
because it has antifibrinolytic effects. It comipetly inhibits the activation of
plasminogen to plasmin, which subsequently inhiditdometrial plasminogen activator
[95]. The effect is decreased fibrinolysis and tlaakdown, and thus overall decreased
menstrual blood loss.

Efficacy: Despite the effectiveness of oral administrattbe,vast majority of
pharmacokinetic studies of tranexamic acid in womnvéh menorrhagia have been
conducted with intravenous administration. When iatstered orally to healthy male
volunteers, tranexamic acid has a half-life of 2rispand 40 to 70% is excreted
unchanged in the urine within 24 hours [96]. Thefdminolytic activity of the drug in
patients affected by menorrhagia is higher whenpzaoed to those with normal cycles
and this may be due to endometrium-derived plasméplasminogen activators [97].
The oral administration of 2-4 g/day for 4-7 dags pycle has been reported to cause a
34-59% reduction in menstrual blood loos, with eaamesduction of 75 ml of menstrual
blood loss per cycle [98]. The recommended dosagew by country but is generally
recommended at a dosage of 1 to 1.5 grams thres fer days for 3-4 days. In addition

to its procoagulative effects, tranexamic acid lesn demonstrated to cause ischemic
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necrosis of the fibroid with subsequent reductiosize due to thrombosis of the vessels
[95].

Contraindications and side effects: Tranexamic acid is generally well tolerated, amal t
risk of venous thromboembolism is not increasetthase treated, as it does not interfere
with other coagulation factors. The more commagfyorted side effects are
gastrointestinal complaints, such as nausea, vogniti diarrhea, which were reported in
up to 12% of patients. Another frequently experezhsymptom is dysmenorrhea that
may be attributable to the development of necnagisin the myoma. If necrosis occurs,
patients may develop symptoms similar to those wicguafter uterine artery

embolization which include pelvic pain, nausea,aisa, and low-grade fevers [99].

b) <B> Non-steroidal anti-inflammatory drugs
Several studies have demonstrated that non-stéamtianflammatory drugs (NSAIDS)
are effective in reducing menstrual blood loss. N®Areduce prostaglandin synthesis at
the level of the endometrium by inhibiting cyclogenase. Endometrial prostaglandin
receptors may play a role in developing aberrastuwiarization and promoting
neoangiogenesis, which can result in abnormalngdsieeding [100]. Thus, the
inhibition of prostaglandin synthesis aids in redganenstrual bleeding.
Efficacy: A recent Cochrane review including 18 randomizeatradled trials reported
NSAIDs as superior to placebo or comparable toratiedical treatments [22]. In
patients treated with NSAIDs, there was a 30% rednof menstrual blood loss [22].
This class of drugs appears to be effective onlygjonptom relief, without affecting

fibroid size. However, NSAIDs may also be benefigiecontrolling anaemia and pain
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associated with menses. There are no reporteddiites in the effectiveness of different
types of NSAIDs [101]. NSAIDs are considered anrapgate first-line medication for
heavy menstrual bleeding, while also alleviatingrdgnorrhea. They may also serve as

an alternative in case hormones are not well ttédrhy the patient [101].

<A> Emerging Therapies

a) <B> Vitamin D

Vitamin D is a steroid molecule group of fat-sokiprohormones with hormone-like
effects. The active metabolite form of vitamin CDig(cholecalciferol). Several animal
studies have shown the widespread effects of calmliéerol, including effects on the
cardiovascular, immune and reproductive systemss<csectional and observational
studies in women with fibroids demonstrated thatdoserum levels of Vitamin D, were
inversely correlated with leiomyoma volume [102]lakger series demonstrated that
patients with fibroids are more likely than thosghwaut fibroids to have low levels of
Vitamin D (25-hydroxyvitamin D [25(OH)D] <10 ng/mLOR 2.4, 95% CI 1.2- 4.9) and
a case-control study showed a 32% lower risk ofrttafibroids in women with

sufficient vitamin D levels (25(OH)D >20 ng/mL) wh compared with insufficient
Vitamin D levels [103], [104].In vitro studies demonstrated that treatment of
immortalized fibroid cells with vitamin D causededuction in fibroid cell growth; this
effect may be attributable to the interaction aémiin D with nuclear antigens, leading to
lower expression of proliferation and anti-apotatiarkers, and an antifibrolytic effect
mediated by MMP and collagen expression [105], [1[A®7], [108]. Compared to

normal myometrium, leiomyomas have increased MMRi&g and vitamin D appears
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to down-regulate MMPs, thus decreasing uterineftbpathogenesis [107].
Furthermore, am vivo study using a rat model of fibroids, demonstraedduction of
75% of uterine tumor size after the administratd; for 3 weeks [109]. Additional
studies are needed to test the efficacy of Vitabhsupplementation in women in the

treatment of leiomyomas.

b) <B> Growth factor modulators

Recent studies of human fibroids have demonstatsapulation of somatic stem cells
that are capable of self-renewal and proliferatioa hormone-dependent manner [110],
[111]. The possibility of establishing a self-protimg loop may be linked to the
interaction of fibroid with the surrounding myomatn through autocrine and paracrine
mediated mechanisms via growth factors and cytskih&2]. The pivotal role of the
surrounding myometrium has been demonstrated bgehe expression profile of the
pseudocapsule that surrounds the fibroid [1134]11

Pirfenidone is a pyridine molecule with proven fibtotic effects in animal models
through the inhibition of the transforming growtcfor (TGF)-beta pathway that is
strictly linked with the formation of the extraadr matrix [115].In vitro studies of
pirfenidone have demonstrated its efficacy in rasyienyometrial/leiomyoma cell
proliferation and decreasing the expression oftRNA of collagen | and Ill in a dose-
dependent manner without any cytotoxic effects.[2Zlis new medication is still
undergoing phase Il drug testing. Although it epgs to have promising results for the

treatment of the idiopathic pulmonary fibrosis amdnder evaluation to treat myocardial
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fibrosis, to date there have not been any humatiestievaluating pirfenidone for
treatment of leiomyomas [116], [117].

Other drugs that interact with TGF-beta (SB-52538g)dermal growth factor (AG1478,
TKSO050), vascular endothelial growth factor (Thigiaediones) or fibroblastic growth
factor (Interferons) signaling have been studieioh vitro leiomyoma models with
promising results. However, these agents havgetdieen studied in humans for the
treatment of leiomyomas, and significant side eff¢as in the case of interferon alpha)

will limit their application in the treatment ofilmyomas [118], [119].

c) <B> Genetherapy

During the last few decades, the use of an adesloxector to deliver genetic material to
target cells has been investigated as a treatnpdiioindor cancers and other metabolic
diseases. The localized nature of leiomyomas atdemthem suitable for gene therapy.
Studies using a rat model have demonstrated tlesioatral vectors are able to infect
uterine leiomyoma cells and inhibit cell prolifecat, increase apoptiosis, and cause
regression of leiomyomas [120], [121], [122]. Feample,in vitro studies utilizing
intrafibroid delivery of a dominant-negative mutastrogen receptor (Ad-DN-ER) [thus
blocking the transcription of E-responsive genasiaactivating estrogen signaling]
resulted in reduction of leiomyoma cell prolifecatiand increased apoptosis [120].
The transplantation of leiomyoma cells transfedtgd\d-DN-ERs in mice showed
smaller tumors in comparison to controls, and atitexhal injection of the adenovirus

into the leiomyoma resulted in further shrinkagehaf tumor [121].
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Similarly, other vectors have been developed tiveethe herpes simplex virus

thymidine kinase (HSV1TK) gene to target cells. aithese transfected cells are treated
with the guanosine analog ganciclovir, ganciclasviphosphorylated by HSV1TK to

form a toxic product that inhibits DNA synthesiseteby causing cell death by apoptosis
[123]. Studies using adenovirus-mediated delivé®V1TK in a rat model

demonstrate that treatment with ganciciclovir insiteiomyoma cell proliferation,
resulting in an increased number of apoptotic @lld the regression of uterine
leiomyomas [122]. The feasibility of gene therapythe treatment of leiomyomas is still
under evaluation and human studies are lackingt Indly be a potential option in the

future.

<A> Summary

Leiomyomas remain highly prevalent in reproducaged women, and as women
continue to delay childbearing, an increasing numbk require fertility preserving
treatment options. As a result, medical managewidieiomyomas is of pivotal
importance in providing patients with symptom reéad the opportunity to maintain
fertility. A variety of medical therapies are nowadable for women with leiomyomas,
although each have their own advantages and distayes. At this time, GnRH analogs
and ulipristal acetate are the most effective nadieerapies, with the most evidence to
support their reduction of fibroid volume and syompatic improvement in menstrual
bleeding. However, these medications are onlyceffe in the short term, and therefore

their use is somewhat limited. Additional formsneédical management are under
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investigation and may be promising therapeutican#iin the future. Ultimately,

treatment of leiomyomas must be tailored to théep#s personal treatment goals.

Practice points

» Although surgical management remains the only defentherapy for
symptomatic leiomyomas, a number of medical thesapre now available for
the treatment of certain women who desire uternesgrvation and who wish to
avoid surgery.

» Appropriate selection of medical management wipeted largely on degree of
symptomatology and overall goals for therapy.

* GnRH agonists are efficacious in the managemeabobrmal uterine bleeding
secondary to leiomyomas both pre-operatively as agein perimenopausal
women who wish to defer surgical management.

» Ulipristal acetate, a selective progesterone recepbdulator (SPRM), has
emerged as an effective medication in decreasinginel blood loss and
myoma size when used in the short term.

* Non-hormonal medications such as tranexamic add\(#AIDs may also be

beneficial in reducing menstrual blood loss reldtetibroids.

Resear ch agenda

Future investigative efforts should focus on detenng:
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» Efficacy and safety of hormonal therapies suchrasiatase inhibitors,
gestrinone, somatostatin analogues, and newer SHRiWs treatment of
symptomatic leiomyomas

» Efficacy and safety of long-term use of ulipristaktate and other SPRMs in the
treatment of women with symptomatic leiomyomasluding long-term follow-
up of endometrial changes after SPRM use

» Effects of Vitamin D supplementation on leiomyonmesand associated
symptoms

» Efficacy and safety of growth factor modulatorghe treatment of leiomyoma

» Further development of gene therapy targeted dyrattecreasing leiomyoma

size and reducing symptomatology
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Highlights
» Medical management should be considered as amaiitez to surgery in the
management of fibroids
» Selection of medical management should be basedpatient’'s symptoms
* GnRH agonists and Ulipristal acetate are effedtivéecreasing blood loss and
fibroid size
* Non-hormonal medications may also be beneficiaéducing menstrual blood

loss due to fibroids.



